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Fellows, Notice!

We have added a new department to the
Co-op. We have secured the services of
a high class custom tailor from Milwaukee
who will be at the Co-op every Saturday
to take measurement and fit try-ons for Cus-
tom Made Clothes. These are not
mere so called custom made suits but we
guarantee the fit and workmanship of each
garment. QOur new Spring suitings are in
and all orders are allowed on your Co-op

number. Don’t miss this chance.

THE CO-OP
R. E. Bolte, Mgr.
508 State St. - - - Madison, Wis.
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Largest Builders in America of

CARBURETTED WATER GAS PLANTS
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>
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Chicago Branch: 171:173 LaKe Street
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THE ARNOLD (JOMPANY

ENGINEERS- CONSTRUCTORS
ELECTRICAL — CIVIL —MECHANICAL
105 SOUTH LA SALLE STREET

CHICAGO

toward obtaining the highest power plant
THE efficiency is the selection of individual ma-
chines best adapted to the specific con-
ditions of service. The next is to insure

that all parts of the plant are so designed,
constructed and installed that they will op-
erate in complete harmony.

This cannot readily be secured when there are
differences in methods of manufacture and a con-
flict of judgment or experience between the de-

signers of the several parts.

Allis-Chalmers installations yield the maximum output that can
be obtained under the existing commercial conditions at the mini-
mum expense per kilowatt hour for operation and maintenance.

Select the type of prime mover best suited to your requirements,—
Steam Turbine, Gas Engine, Hydraulic Turbine or Steam Engine—
all are built by Allis-Chalmers Company, together with complete
electrical equipments.

Allis-Chalmers Company

Milwaukee Wisconsin
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grinding wheels leads to larger
production and grinding econ-
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Norton Grinding Wheels.
Ghloage NORTON COMPANY,  Worcester, Mass.

Niagara Falls
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Cement
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MALLEABLE CAST IRON.

JaMmMES ASTON,

Instructor in Chemical Engineering.

Tron owes much of its supremacy as a metallurgieal product to
its relatively low cost, due largely to the abundance and rich-
ness of its ores, to the low cost of mining, and to the readiness
with which these ores are reduced to the metallic state. Aside
from this consideration, however, it is undoubtedly true that the
great commercial utility of iron is due to the activity with which
it alloys with other elements, to its adaptability to various meth-
ods of working and to the susceptibility of the alloys to heat in-
fluences.

Out of an approximate annual production for the United
States of thirty millions tons, of finished iron and steel products
the greatest part, say sixty per cent, is formed by rolling or forg-
ing. Rolling is particularly suited to the production of large
outputs of simple standard shapes, such as rails, structural sec-
tions; bars, rods, ete. Many shapes are, however, too intricate
to be produced by rolling or forging, and are cast to form by
pouring molten metal into a mold formed by a suitable pattern.
The foundry industry is an important division of iron and steel
metallurgy, producing roughly forty per cent of the iron and
steel products. Castings may be of three kinds—cast iron, steel,
and malleable cast iron. Each has its particular sphere of use-
fulness, dependent upon the nature of the service and the fit-
ness of the material for this service, and also upon the cost of
the product.

Leaving out of consideration any special alloy additions, eom-
merecial iron and steel consists of iron in association with earbon,
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silicon, sulphur, phosphorus and manganese. The properties of
the material are dependent not alone upon the quantities of these
clements present, but also upon the manner in which they are
associated ; an association which is manifested in the structure.
Ordinary cast iron is the most impure of the three forms. The
general composition is as follows:

Carbon—31, to 414 per cent.

Silicon—1 to 3 per cent.

Sulphur—0.05 to 0.20 per cent.

Phosphorus—0.20 to 1 per cent.

Manganese—0.50 to 1 per cent.

By suitable regulating of chemical composition and rate of
cooling, it may range in fracture from gray to white, and in
hardness from a material which can be readily machined or filed,
to a product which is glass hard. Being a result of simple melt-
ing of pig iron and cast scrap, without material chemical con-
version, it is of comparatively low cost. Add to this the fact
that its high fluidity and ‘“life’” enable it to run into thin see-
tions or intricate forms, and we have the principal reasons for
its favor. The usual requirement is for a material soft enough
to be machined; strength is a secondary consideration. Cast
ivon has, however, an extreme resistance to compression, and is
thus well adapted to machine frames, and the like: if strength
in tension or resistance to shock are wantcd they are obtained
by massiveness of structure.

‘Where high strength and ductility are required, the steel cast-
ing is most suited. The general chemical composition will be
about as follows:

Carbon—a0.20 to 0.80 per cent.
Silicon—about 0.20 per cent.
Sulphur—0.02 to 0.08 per cent.

Phosphorus—0.03 tc 0.10 per cent.
Manganese—0.50 to 0.75 per cent.

The requisite strength is obtained by suitable chemical con-
trol, together with judicious heat treatment. Increase of car-
bon results in increase of strength at a sacrifice of ductility.
The other elements, also, phosphorus in particular, have their
influence. Steel castings may be the result of various methods
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of working; crucible, Bessemer or open hearth, either acid or
basic. Because of high cost of raw materials, or the necessity
of skillful and costly manipulation in the conversion of the im-
pure iron into the finished steel, the product is necessarily of
considerably higher cost than cast iron. Again, its low fluidity
and ‘‘life,”” its high temperature, and high shrinkage, are in
many cases serious disadvantages. Steel castings, therefore,
are generally comparatively bulky in section, and find their
greatest application where the added strength is enough to off-
set the inereased cost and other disadvantages.

Malleable cast iron occupies a position between ordinary cast
iron and cast steel. It has higher tensile strength than cast
iron, but is not so strong as steel. Again, it is fairly ductile
and malleable, and may be bent or twisted or hammered to a
certain extent without danger of breaking. The great advan-
tage, however, is that it is originally cast of white cast iron, with
all of the advantages of fluidity and life to enable it to run into
small thin sections and intricate shapes, and low cost of initial
production. The duectility and malleability are the result of
subsequent treatment.

Although it was predicted that the development in the manu-
facture of steel castings and the possibility of making small
castings of this material, would make serious inroads upon the
malleable casting industry, this prediction has been fulfilled only
in special cases. The industry has experienced a growth en-
tirely comparable with the other divisions of foundry practice,
and today, perhaps a million tons annually represents the out-
put of this country. Malleable castings are largely used in
railroad equipment, agricultural implements, pipe fittings,
stoves, ete.; in faet, the great outlet is in lines requiring large
numbers of pieces of comparatively small size from the same
pattern, and where low cost and a fair ductility are factors.

It is not the purpose of this article to go into the details of
the manufacture of malleable castings; its object is rather to
point out the underlying reasons for the properties which this
product possesses; but a few words regarding the process will
not be amiss. Those who are interested in the details of prae-
tice are referred to the new books of Dr. Moldenke, perhaps the
foremost authority in this country.
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The pig iron used as a raw material is usually classed as mal-
leable Bessemer; that is, it conforms to the usual requirements
of a Bessemer pig, except that the phosphorus exceeds the steel
making limit of 0.10 per cent. Ordinarily it is the product of
a coke blast furnace, but for the highest grades of produet,
charecoal pig iron is used. The general analysis will be as fol-
lows:

Carbon—about 4 per cent.
Silicon—~0.75 to 2.0 per cent.
Sulphur—about 0.05 per cent.
Phosphorus—not over 0.225 per cent.
Manganese—0.50 to 0.75 per cent.

With this is mixed the proper amount of steel or malleable
scrap to bring the castings of an appropriate analysis of
Carbon—about 3 per cent.
Silicon—0.50 to 1.0 per cent,
Sulphur—below 0.08 per cent.
Phosphorus—below (.225 per cent,
Manganese—0.25 to 0.50 per cent.

The amount of silicon allowable will depend upon the size of
the casting, and to a certain extent npon the amounts of sulphur
and manganese present; these last named elements are, how-
ever, preferably kept to a minimum. Phosphorus is held to as
lew an amount as possible (because of its tendency to promote
brittleness), and yet have sufficient fluidity in the molten metal.

In this country the melting is usually done in a cupola fur-
nace for the lower grades of work, or in an air furnace (rever-
beratory) for the greater part of the output. Recently, the
open hearth furnace, similar to that used in steel making, has
come into a little favor. The air furnace owes its advantages
to the isolation of the solid fuel from the charge, the possibility
o regulation of the chemical action of the flame, and to a con-
sequent better control and higher quality of material produced.
The furnace action should ideally be one of melting only; actu-
ally there is somé chemical change, principally in an oxidation
of silicon and manganese, and a slight gain in sulphur.

The castings as taken from the sand are hard, white and brit-
tie, and entirely unsuited for their intended service. They are
inspected and cleaned of all adhering sand, mainly by means of
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a tumbling barrel; then trimmed of sprues by chipping, and
sorted, after which they are ready for annealing, the distinguish-
ing feature in the malleable casting process. For this opera-
tion the eastings are packed in annealing hoxes, or pots, which
are open frames, usually rectangular in shape, and of some-
what varying sizes in different plants. An average size is 30
inches by 16 inches and about 16 inches deep with an initial
thickness of three-fourths to one inch. They are usually cast
largely of malleable scrap. The pots are stacked three or four
high on a bottom plate or stool.

Into these boxes, the castings are carefully packed in mill
scale, iron ore, sand or a mixture of these substances. The two
first named are oxidizing agents for the carbon, while sand, or
the like, is inert. The object is usually to get an oxidizing me-
dium not too active; a refreshing of the spent or used packing
with new scale usually suffices. The essential principle in the
packing is to see that all castings are well surrounded with
packing material in order to prevent passage of air and have
uniform action, and also to prevent settling and consequent
warping of the castings when heated. The stack of pots is
finally covered and luted with elay and makes, therefore, a fairly
airtight container for the castings.

A number of these stacks of pots (20 to 40) are run into a
large brick annealing oven, and the brick doors of the oven are
closed. The ovens may be gas, oil or coal fired ; usually the first
or last named, since the oil flame is too localized in its action,
and results in uneven heating throughout the oven. The an-
nealing operation requires about one to two days to bring the
temperature up to that required, two to three days at this tem-
perature and a day or two for cooling down, making a total
of five to six days for the complete cycle. The temperature
varies somewhat with the character of the castings and the melt-
ing stock used, as well as with the kind of melting furnace, but
is generally between 1300 and 1650° 17, (700 to 900° C.). The
pots are withdrawn from the oven and the castings are dumped
after having cooled sufficiently. After a final cleaning, grind-
ing, and sorting, the product is ready for shipment as the fin-
ished malleable casting.
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The result of the annealing operation is to convert the hard,
brittle casting with white fracture, to one soft, relatively duc-
tile and malleable, and having a black fracture (black heart)
except for a steely shell (case) of varying thickness, usually
1/32 to 1/16 inch. The tensile strength aceording to the stand-
ard specifications of the American Society for Testing Materials
must be not less than 40,000 pounds per square inch, with an
clongation of not less than 214 per cent in 2 inches. The great
advantage, however, is a product resilient enough to withstand
the shocks and repeated stresses of severe service.

The popular idea among the uninformed is that the packing of
the castings in an oxidizing substance has resulted in an ab-
straction of earbon from the body of the casting, producing a
material which is a mean between ordinary steel and the origi-
nal white cast iron, depending upon the activity of the oxidizing
stbstance. It must be said, however, that a product essentially
the same as the every day malleable would result, even though
the packing material were inert or nonoxidizing in character.
A thorough understanding of the mechanism of the annealing
operation has eome only with a knowledge of the influence of
the several elements present. Chemical analysis has been a big
stepping stone; the misceroscope, also, while not as yet having
much application in the industry, has been of invaluable assist-
ance,

Cast iron, as pointed out previously, is a complex alloy of iron
and several other elements. Carbon is of primary importance,
and the material owes its properties mainly to the state of the
:arbon.  The other elements are largely secondary, having their
effect on the properties mainly by influencing the state of the
carbon. All east iron may be considered as an alloy of iron
with approximately four per cent of carbon. The white ecast-
ings forming the initial stage of the malleable casting may he
considered in this class, although there is usually a lower
amount of carbon present, due to additions of steel or malleable
scrap; this fact, however, is not material to the discussion of the
mechanism of the annealing process.

Carbon is associated with iron in three different states; in the
free or elemental state, as graphite; as a definite carbide, com-
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bined carbon or cementite, with a formula Fe, C; and as a solid
solution of carbon or combined carbon in iron. The last named
is of particular importance in the consideration of the harden-
ing and tempering of steels, and need not be considered in con-
nection with the problem under discussion. During the solidi-
fication and cooling to normal temperatures of a molten bath
of cast iron, the carbon may finally exist entirely combined with
the iron as Fe, C, in which case the product is known as white
cast iron, and is hard, britile, and of silvery fracture because
of the influence of the properties of this iron carbide; or the
carbon may hcome separated in the free or elemental state as
graphite, forming gray cast iron, with gray fracture and soft,
due to the influence of the free carbon; or there may be any
degree of mixture of the combined carbon and free graphite,
resulting in the commercial mottled irons. Should all of the
carbon exist in the combined state, as Fe, C, carrying 6.67 per
cent carbon, an ordinary iron with three and one-half per cent
of carbon would consist roughly of one-half cementite and one-
half free iron. On the other hand, if all of the carbon exists
as free graphite, the material structurally, on the basis of spe-
cific gravities of 3 to 1 for iron and carbon, will be made up
of iron plus ten per cent by volume of free graphite.

The fundamental influences affecting the state of the carbon
are the rate of cooling and the effect of the secondary elements,
especially silicon, and to a lesser degree sulphur and manganese.
Silicon promotes the formation of graphitic earbon; sulphur
and manganese tend to form combined carbon. For simplieity,
we may consider the function of silicon as first, to counteract
the adverse chemical influence of the sulphur and manganese,
and second, to overcome any effects of cooling, and throw out
carbon in the free state.  As for the influence of cooling, a slow
rate promotes the separation of free graphite, while rapid cool-
ing tends to form combined carbon. Manifestly by judicious
control of chemical composition and rate of cooling, it is possi-
ble to vary the character of cast iron within wide limits.

Ordinarily, in gray iron castings, softness is the desired fea-
ture. This means much free graphite in the product, and lit-
tle combined carbon; or a moderate silicon contents of 1.5 to
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2.0 per cent with low sulphur for bulky castings which cool
slowly, and 2 to 3 per cent in lighter and thinner products
which necessarily cool more quickly. In this kind of castings
the graphite separates out during normal solidification, and in
a still molten matrix of iron; obviously conditions are entirely
favorable to crystallization of the carbon, and we find it ex-
isting in the well known form of flake graphite. Figures 1 and
2 are typical of this distribution, at a magnification of 70 diam-
cters. In Fig. 1 the graphite is very coarse in texture, due to
the slow cooling of a piece of pig iron; while Fig. 2 illustrates
the finer texture in a casting of average seetion. With such dis-
tribution of the carbon, we can expect nothing else than a
weakness in tension, and an entire absence of duetility; on the
other hand, because of the very thinness of the graphite flakes,
there is little weakening of the material under compressive
stress.

The malleable ecasting is initially made of white cast iron.
The silicon content is so controlled that under the existing rate
of cooling, its influence is not sufficient to throw out the graphite
in the free form, and it is therefore all combined as Fe, C in
the castings. These are hard, brittle, and practically worthless
for service.  Typical micro-sections of white cast iron are shown
in Figures 3 and 4, both at a magnification of 70 diameters.
The former is of white pig iron, and is coarser in its crystal-
lization than the latter, a seetion of a thin casting. To the un-
initiated it may be well to mention that the black areas in these
photographs should not be compared with the graphite of the
previous figures. These black areas show the distribution of
the iron bearing constituent, which is differentiated by acid
corrosion; the white areas, in contrast, show the free combined
carbon. The brittleness and whiteness of fracture are due to
a cleavage through these areas of combined earbon.

Although the silicon content is not sufficient to cause a separa-
tion of free carbon during the normal cooling of the casting,
the combination of this silicon content, with the proper applica-
tion of temperature effect and time of reheating, will effect the
change, according to the reaction:

Fe, C+heat=3 Fe 4 C
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Fig. |

Fig 4

Fig. 3

Prate 1.—Showing Micro-sections of Various Grades of Cast Ircn.
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This is the essential feature of the annealing operation, and it
is obvious that, with chemical composition, temperature, and
time correctly regulated, the nature of the packing material is
of little importance. The vital feature of the malleable casting
process lies in the use of annealing temperatures of 1300° to
1650° F. (700 to 900° C), or well below the point of fusion of

Fic. s.—Micro-section Showing Effect of Oxidizing Packing.

the metal. Consequently, while the combined carbon is decom-
posed and the earbon precipitated, the latter is not free to as-
sume its normal erystal form as thin flakes, but must colleet in
the most compact state, and is thus found in the form of glob-
ules in the amorphous condition, the so called ‘“temper’” carbon
Such a distribution, as will be noted in Figures 5 and 6, is
without the disastrous effect on the tensile strength and due-
tility characteristic of the flake distribution in gray cast iron;
and the resultant produet is one of fair strength and duetility.

Iigures 5.and ¢ show the effect of the oxidizing packing. In
Fie. 5, of a section not etched with acid, it will be noted that
adjoining the edge of the annealed casting there is a zone free
{rom graphite areas. This is the result of the decarbonization
of the surface layer by the iron oxide, accerding to the reaction

Feﬂ C+ FeO=3 Ie+ Co + Fe

After etehing, as shown in Fig. 6, this surafce zone is seen to
be a shell of steel which may be of mild, medium, or high car-
bon, and of a depth depending upon the time and temperature
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of heating and the avidity of the decarbonization. This sur-
face decarbonization, together with the use of steel or mal-
leable scrap to lower the total carbon in the castings, are details

Fic. 6. —Micro-section Showing Effect of Oxidizing Packing. Section
Etehed with Acid.

of practice making for greater success of the process, but are
not the fundamental principles involved. The entire process is
built upon the ability to control the state of the carbon by proper
regulation of three factors: chemical composition, temperature
and time.
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INCANDESCENT ELECTRIC LAMPS.
METHODS OF MANUFACTURE AND OPERATING CHARACTHER-
ISTICS.

Grex P, Cowax, '11.

An electric incandescent lamp, by definition, is a lamp in
which light is emitted by a body that has been brought to in-
candeseence by means of an electric current. Ordinarily, how-
ever, this term is used to denote only that type of lamp in which
a filament is made to glow by heating it electrically in a vacuum.
The name will be used in the latter sense in this article.

Incandescent lamps are classified according to the filament
material used in them. The four main classes of incandescent
lamps are the carbon, Gem, tantalum and tungsten classes, in
which the filament materials are respectively, earbon, graphi-
tized carbon, metallic tantalum and metallic tungsten. The car-
bon and Gem lamps are often referred to as carbon-filament or
low-efficiency lamps, while the tantalum or tungsten lamps are
called metallie-filament or high-efficiency lamps. A considera-
tion of the requirements of a lamp filament soon reveals the rea-
son for the adoption of these filament materials. From the
physics of the production of light it is known that the higher
the temperature of operation of the filament and the higher the
selectivity of radiation (up to certain unattainable limits), the
higher the luminous efficiency. Consequently, to be a good fila-
ment material, an element must have a high melting point and
a high selectivity of energy radiation. In combination with a
high melting point the filament must have a low vapor tension
at temperatures below the melting point, for the rate of vapor-
ization and deposition on the bulb of the filament affects the
life of the lamp and determines the working temperature. It
iz for this reason that the earbon lamp can not be operated at a
higher temperature. While ecarbon has the highest melting
point of any known substance, its vapor tension is so high that
it can not be operated at temperatures as high as can other
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materials with much lower melting points. The results of the
vaporization of the filament are the black deposit on the bulb,
which materially deereases the percentage of light transmitted
through the bulb, and the disintegration of the filament, which
inereases the resistance and decreases the total amount of light
produced.

The other requisite, a high selectivity of radiation of energy,
means a comparatively high percentage of energy radiation
within the visible speetrum. Only the energy radiated within
certain limits of wave lengths is useful in producing light, and
a4 body is said to possess luminous selectivity if it radiates rela-
tively more energy within these limits (the limits of the visible
spectrum) than does a black body at the same temperature.
It should be added that the location of the radiation within the
visible spectrum also affects the degree of selectivity—0.545u
it the wave length at which the eye has its maximum sensibility.
In addition to these physical properties that are required of a
filament material, there are, of course, the commercial consid-
erations of adequacy of supply and facility of working.

The melting points of the more common filament materials
are carbon 3600° C., tungsten 2950° to 3050° C., tantalum 2800°
to 2900° C. and osmium 2700° C. Because of its low vapor ten-
sion and high degree of selectivity, osmium is a very desirable
material, but it is extremely scarce and is not used extensively
for that reason. Tungsten is probably just as good as osmium;
ils selectivity is not so high, but its melting point is higher.
It is found in considerable quantities in several countries. Tan-
talum possesses less selectivity than either osmium or tungsten
and can not be operated at as high a temperature. Carbon pos-
sesses practically no selectivity; graphitizing it, however, lowers
the vapor tension and permits a higher working temperature.
It is a question as to whether the higher operating efficiencies of
the metallie-filament lamps, as compared with the carbon lamps,
are attributable to higher temperatures or not, although it is
commonly believed that the higher luminous efficiency is a re-
sult of both higher selectivity and higher temperature.

The history of the development of the manufacturing proc-
esses for making these different classes of filaments is an in-
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teresting story, but necessarily a very long one. No attempt
will be made to touch on this phase of the question, but the
present processes will be outlined. All the so-called earbon fila-
ments, the untreated carbon, the treated carbon and the graphi-
tized carbon (Gem) filaments, are made of pure cotton, and up
to eertain steps in the processes are the same. The cotton, which
has been purified by special treatment, is dissolved in a solution
of zine chloride, forming a thick heavy dark-brown syrup called
the ““cellulose mass.”” This syrup is strained and later boiled
in partially evacuated bottles in order to set free all occluded
gases. The bottles containing the mass, or syrup, are put on
the squirting racks, and by means of compressed air the syrup
is forced out of the bottle through a platinum die. The die ex-
udes the fine thread of the mass into a slowly revolving jar of
wood aleohol. The instant the syrup comes in contact with the
aleohol, it coagulates forming an elastic translucent thread.
The jar is revolved slowly so that the filament will lay itself
down in coils, and will not tangle when reeled off.

After the bottle has been emptied, the thread is taken from
the alcohol jar and washed thoroughly, first in dilute acid, and
then in distilled water. It is essential that all the foreign ma-
terial be washed out of the thread at this stage, since the pres-
ence of such material tends to make the filaments brittle when
carbonized. The washed thread is wound out on large wooden
drums, on which it is allowed to dry. Why dry, it is taken
from the drums, inspected, and sent on to the forming room;
at this stage the fiber resembles cat gut. In the forming room
the fiber is wound on hrass forms and baked for a short time
at a moderate temperature. This gives the fiber a permanent
set, and it retains the shape of the form, which is that of the de-
sired filament. After the f{ilaments are cut off the forms, they
are packed in powdered peat in small cast iron boxes, ready
for carbonizing. The carbonizing process consists of a prelim-
inary baking in a gas furnace, after which the contents of the
iron boxes are transferred to a graphite crucible, and a final
baking in a high-temperature oil furnace. The rate of raising
the temperature and the rate of cooling affects the structure
of the carbon very materially, and these operations are neces-
sarily watched very carefully,
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The filament, as taken from the oil furnaces, is the untreated
carbon filament. Before it is mounted in a lamp, however, it
is tested for spots, measured for resistance, and sorted. The
apot testing merely consists of heating the filament to a dull red
heat in an evacuated bottle, and inspecting it for bright or dull
places. Any such bright or dull spots indicate a variation in
cross-seetion, and filaments showing these spots are thrown out.

The treated-carbon filament is simply an untreated carbon
that has been flashed in hydroecarbon vapors. In the flashing
process the filament is placed in a jar and, after the air has been
withdrawn, gasoline or similar vapors are allowed to flow in.
Then the switch is closed, and as the filament heats up carbon
is deposited on it; more carbon will be deposited where the fila-
ment is small because this part of the filament becomes hottest.
Hence, the deposit evens out the filament and, in addition, leaves
a layer of low-resistance carbon on the high-resistance core.
As the carbon is deposited on the filament, the cross-section is
enlarged and the current increases; this action continues until
the current reaches a certain predetermined value when a series
relay opens the circuit. Filaments of any desired resistance
can be made in this way by setting the trip on the series relay
g0 that it will open when a certain value of current is reached
with a given voltage applied.

In making the Gem, or graphitized carbon, filament the car-
bons are taken from the oil furnace to the electrie-tube furnace,
where they are packed in graphite and raised to an extremely
high temperature. The heat at this high temperature shrinks
the carbon and lowers its resistance. Then the filament is
treated in the flashing room and reheated in the electric furnace.
At this point the big change takes place. The high resistance
core is unchanged by this second heating, but the deposited car-
bon is softened, its temperature coefficient is changed, and the
resistance is reduced to about one-fourth its original value.
The real gain is in the lowering of the vapor tension, which
permits higher operating temperatures and consequently higher
efficiency of light produection.

Experiments are being carried on with a new Gem lamp in
which the filament is made by forcing a graphite paste through
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a die and baking it subsequently in the electric furnace. The
lamp is in the developmental stage yet, however, and, while some
preliminary tests show it up well, no predictions can be made
as to its possibilities.

Of the three carbon filaments, the untreated carbon is least
satisfactory. It has a relatively high resistance, however, and
15 used for that reason in high-voltage lamps. The treated car-
bon gives more uniform performance than the untreated and
about twenty per cent higher efficiency. Because of its low
resistance, it i3 not used in the 220-volt lamps. The Gem oper-
ates at an efficiency from fifteen to twenty per cent higher than
the treated carbon filaments, and gives practically the same per-
formance.

The only two metallic filaments of any commercial impor-
tanee are the tungsten and the tantalum, and the tantalum is
being rapidly displaced by the drawn-wire tungsten. It still
has a strong hold in Germany where it was perfected. The in-
vestigators experienced considerable difficulty in producing the
brittle metal tantalum in a state so that it could be drawn, but
they finally perfected a process. The exact method of working
the metal and drawing it is not generally known, bhut it is prob-
ably quite similar to that used in making tungsten wire because
of the similarity of the two metals.

Two types of tungsten filaments are used, namely, the pressed
filament and the drawn-wire filament. The pressed-filament
lamps were made before a method of drawing tungsten had been
perfected, and they are still made by several manufacturers.
There are several different processes of making pressed tungsten
filaments, but in general the scheme is to mix finely powdered
metallic tungsten with a binder of some sort, to force this plastic
mass through a die forming it into filaments, and to burn out
the binder and sinter the particles together by passing a cur-
rent through the filaments in a reducing gas.

In making the drawn-wire filaments, the tungsten is received
at the lamp factory as the yellow oxide, WO,. This oxide is
reduced and purified, and finely divided metallic tungsten is
obtained. The metallic powder is pressed into small ingots, and
the particles are sintered or welded together by an electric cur-
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rent. These ingots are worked until the metal changes from a
erystalline to a fibrous structure, and they are then drawn down
through diamond dies to the standard sizes of wire. Wire less
than 0.001 of an inch in diameter can be drawn successfully.
The wire is rated according to its normal amperage, and wound
on to spools on which are marked the current rating and num-
ber of feet of wire.

Before burning, tungsten wire is stronger than steel wire of
the same size; the tensile strength is over 400,000 pounds per
square inch in the small sizes of wire. On burning, however,
it loses considerable of this strength on account of the crystal-
lization of the metal, but at any stage of its life it is stronger
than the pressed filament. The tantalum filament is stronger
than either the drawn-wire or pressed tungsten filament, but it
lacks much in efficiency. As an average, the efficiency of the
two types of tungsten lamps is considered 1.25 w. p. e. and that
of the tantalum 2.0 w. p. e. (the unit w. p. c. is watts per mean
horizontal candle-power).

So far only the filaments and their manufacture have been
dealt with. While perhaps the filament is the most important
part of a lamp, the mechanical make up is also important, and
the operations of mounting, sealing in, exhausting, and finish-
ing are very interesting. In order to give an idea of how a
lamp is made, a drawn-wire tungsten lamp will be traced
through the factory. Only one class of lamp will be taken up,
for the mechanical make-up, with the exception of the mount,
is very similar in all classes of lamps. The low specific resist-
ance of the metallie-filament materials necessitates a long thin
filament, which in turn requires a mount that will support the
great length of wire and keep the strands apart. In the case
of the carbon lamp, no central support with radial arms is
needed, for the filament is comparatively short and rigid; a
stiff wire anchor securing each loop in the filament to the stem
i3 usnally used, however.

The lamp factory beyond the filament or wire-drawing de-
partment may be divided up into five rooms or departments;
they are in their order, the glass room, winding room, exhaust-
ing room, photometer room, and finishing room. Since the lamp
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starts in the glass room, the description of the manufacturing
process will begin there. Glass tubing, ranging from 34 to 34
of an inch in diameter, is cut up into the proper lengths on a
carborundum wheel, and fed into an automatic flanging ma-
chine. In this machine these short pieces of tubing are auto-
matically fed into a revolving chuck, where they are heated on
one end, flared out, and dropped into a receiving pan. The
stem of the lamp, that is, the part through which the lead-in
wires are sealed, is made of this tubing, and one end of the tube
15 flared out for sealing into the bulb. The supporting rod
which is welded on to the stem is made by an automatic ma-
chine, ealled the button machine. Long pieces of glass rodding
are fed into this machine four at a time. As the head revolves,
concentrated gas flames heat the rodding to a red heat at the
places the buttons are desired, and during the last quarter revo-
lution a compression is applied to that portion of the rod be-
tween the clamps, which causes the rod to flatten out where it
has been heated and forms the buttons. The rod is then nicked
above the top button and broken off automatically. At the be-
ginning of the second revolution the clamps release and allow
the rodding to feed in for the next rod.

On the stem-making machine the leading-in wires are inserted
through the flanged tube, then the end of the buttoned rod and
the unflanged end of the tube are heated and welded together.
A clamp actuated by a foot-pedal pinches the molten glass
around the leading-in wires. A section of the leading-in wire
that is sealed in the glass is made of platinum. Platinum is
used because it expands and contracts with the glass, and thus
keeps an airtight joint at all temperatures. Another reason
for its use is the fact that it is the only metal that will not oxi-
dize in the flames while on the stem-making machine. The cop-
per hooks are next inserted into the beads or buttons on the
glass rod; this operation, which is performed by hand, consists
merely of heating the rod and hooks in a Bunsen flame, and in-
serting the hooks at the proper spacings while the glass is soft.

The mount is next taken to the winding room, where the
proper length of tungsten wire is measured off the spool and
wound over the supporting hooks. The joint between the fila-
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ment and the leading-in wires is made by pinching the filament
ends in the hollow ends of the leading-in wires. From here the
wound mount is returned to the glass room where it is sealed
into the glass bulb. Before the bulb is ready for this operation,
it has been washed, tubulated, and necked down. The tubulat-
ing consists of blowing a small hole in the bottom of the bulb
and sealing a small piece of glass tubing over the hole. This
piece of tubing is used to connect the lamp to the pumps in the
exhaust room. The small hole is made by training a pointed
flame on the bulb at the point the hole is desired, and applying
air pressure inside the bulb, which blows out the glass as soon
as 1t becomes soft. The necking down consists of cutting off
with a flame the superfluous length of neck on the bulh.

The prepared bulb and wound mount are taken to the sealing-
in machine, where the bulb is placed over the mount and the
two gradually heated up and sealed together. As the glass cools
off, the operator trues up the mount in the bulh. Special suc-
tion holders are provided to insure an even cooling of the seal
and prevent the setting up of internal stresses in the glass.
After the seal has been tested for leakage by a mercury U-tube,
the lamp is ready to be exhausted.

In the exhaust room, the inside of the exhaust tube on the
lamp is painted with a solution of red phosphorus, and the
lamps are placed on the exhaust racks, six lamps to a pump.
There are three stages in the mechanical exhausting of a lamp
of about five minutes’ duration each. In all the stages the
pumps are working on the lamps. In the first stage no current
is flowing in the filaments, but the lamps are heated externally
in a gas oven; in the second stage about fifty per cent normal
voltage is applied with the oven still going; in the third stage
the oven is lifted and 110 per cent voltage is applied. The
lemps are pumped hot so as to drive off the thin film of air and
the oceluded gases which tend to cling to the lamp surfaces.
At the end of the third stage the lamp is ready for the chemical
exhausting and sealing off. The operator turns the sealing off
torch on the red phosphorus in the tube, and volatilizes it.
Upon the application of a sudden high voltage, the phosphorus
i3 ignited and combined with the remaining traces of air to
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form a solid precipitate. The exhaust tube is then melted off
close to the bulb, thus sealing the bulb and forming the tip.
The so-called tipless lamps are not tipless, but the exhaust tube
Las been welded on to the bulb near the seal, so that when the
brass base is put on the lamp, the tip is concealed.

The lamps are aged approximately the equivalent of ten hours
by burning them at 113 per cent voltage for fifteen minutes.
This preliminary burning is given to cull out any defective
lamps and to bring the lamps to their steady burning condi-
tions before photometering them. After being aged, the lamps
are tested for vacuum by applying a high-tension, high-fre-
quency eurrent. The presence of any air or gas, between cer-
tain limits of pressure, will be evidenced by a glow in the bulb
caused by the conduction of the electricity by the rarified gas.
The color of the glow indicates the composition of the gas pres-
ent.

In the photometer room each lamp is measured to determine
at what voltage it should be burned in order to give the rated
c¢andle-power, and the current is read at this voltage to see
whether the lamp comes within the specified wattage and effi-
ciency limits.  Of a lot of lamps intended to burn at some given
voltage a large percentage will come out right, but, due to vari-
ations in the materials and processes, there is always a small
pereentage that fall a few volts low or high. For this reason the
manufacturers rate every lamp. After being rated the lamps
are sorted and put in stock unbased and unfinished.

When an order comes in for a certain number of certain volt-
age and wattage lamps, these lamps are selected from stock,
sent, throngh the finishing room and shipped out. The first
operation in the finishing room is the basing of the lamps. The
brass base or shell is partly filled with cement and put on the
lamp with one lead-in wire projecting out through a hole in
the bottom of the shell, and the other turned back along the
side of the bulb. The lamp is put on the slowly revolving bas-
ing reel, which carries it through a gas oven. A spring holder
on the reel holds the base in place, and the heat in the oven
drives out the aleohol and sets the cement by the time the lamp
has emerged from the other side of the oven. Before the base
is put on, a piece of felt is inserted in the stem, the purpose of
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which is to keep the leading-in wires apart and prevent a short
cireuit. The lamp passes on to the solderers next, who solder
the leading-in wires to the cap and shell of the base and cut
off the loose ends. The lamp is then cleaned, labelled, thor-
oughly inspected and sent to the shipping room where it is
packed and shipped out.

In telling of the manufacture of this lamp almost no mention
has been made of the numerous rigid inspections that are made
during the progress of the lamp through the factory, yet these
inspections play an important part in the present day lamp
manufacture. Today the first aim of the lamp manufacturer
is quality, and it is only by these rigid inspections that the high-
est quality can be maintained. In all there are thirty-five oper-
ations and twelve inspections in the making of a drawn-wire
tungsten lamp, aside, of course, from the operations and inspec-
tions in the wire-drawing department where the wire is pre-
pared.

Practically everyone, who has had anything whatsoever to do
with ineandescent lamps, knows that the candle-power of a lamp
is inereased if the applied voltage is raised, but not everyone
is familiar with the attending results and the importance of
burning a lamp at the proper voltage. The five factors, voltage,
candle-power, current, efficiency and life, are all interdepend-
ent, and with a given lamp any change in one of the factors af-
focts all the others. For instance, an inerease in applied volt-
age increases the current, candle-power, and efficiency, but de-
creases the life of the lamp.

Exponential equations have been worked out which express
the relations between these different factors, and the exponents
have been evaluated for all the different classes of lamps. The
equations showing the voltage-candlepower and voltage-life re-
lations for the Mazda drawn-wire tungsten lamps are, respec-
tively,
¢ (v) 3.66 ; (v) 1=

= and = = Sy

=
A glance at the voltage-life equation shows that a very slight
change in operating voltage affects very materially the life of
the lamp, hence, the necessity of burning a lamp at its rated
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voltage. The accompanying table giving the rating of a regu-
lar 60-watt Mazda tungsten lamp shows how some of the (uan-

tities vary with the applied voltage.

Sixty-watt Mozda drawn-wire Tungsten Lomp.

LErriciexcy CANDLE-FPOWER

Voltage = : e
Watts | Mean  Rated Life

Watts per Mean Hor. ¢-p s i
12 | High efficiency —1.16 w. p.c...| 60.0 | 59 S 1, 000
110 Medium efliciency—1.21 w. p.c.| 38,3 8.4 | 1, 300
108 Low efliciency—1.26 w. p. c....| 56.6 45,1 1,700

Of the four classes of lamps the variation of life with voltage
is least with the tungsten-filament lamp and greatest with the
carbon.  The order from least to greatest variation in life with
a given change in voltage is tungsten, tantalum, Gem and car-
bon.

At first thought it might seem from the above table that it
would be eheaper to burn a lamp at a low efficiency (high watts-
per-candle) and thereby make it last longer. This is not the
case, however, for the added energy costs for the same amount
of light is much greater than the saving in renewal costs, with
the average rates of energy. MTake for an example the 60-watt
lamp listed above. TIf this lamp were to be burned at rated
low-efficiency, 1.26 w. p. c., it would last 700 hours longer than
when burned at high efficiency, 1.16 w. p. ¢., but the rate of en-
ergy consumption would be 0.1 w. p. e. higher, or since the lamp
gives 50 ¢-p., 5 watts per lamp higher to give the same amount
of light. In 1,700 hours this would amount to 814 kw-hrs.,
which figured at 10 eents per kw-hr. would represent a differ-
ence in power bills of 85 cents for the same amount of light.
The difference in lamp renewal costs is only 53 cents (figuring
the lamp at list price, 75 cents), for the lamp was made to last
00 hours longer by burning it at low-efficiency. TIn this particu-
lar case, then, a saving of 32 cents is effected on each lamp every
1.700 hours by burning the lamps at the manufacturer’s high-
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efficiency rating (as compared with the low-efficiency rating)
and renewing the lamps oftener.

All classes of lamps are rated at three voltages, but most of
them are ordered to be burned at high efficiency, that is, top
voltage, for with the average rates of power or even rates below
tlie average, this is the most economical operation.

So far not muech has been said of the comparative economy
of the different classes of lamps. The approximate operating
efficiencies of the four classes are:

TUDEEEEN wvwwn s v o smemsersisseme v 1.25 w.p. c.
Tantalum ........ccoiiiiinnnnn.. 2.0 w.p.c.
Cem. i v on.coigysaia o Sraneew & 2,5 w.p.c
Tregted Carbomoece: vs v svanavimes s 3.1 w.p.c.

Untreated carbon operates at about 3.75 w. p. ¢. The high effi-
ciency is the one great advantage of the metallic-filament lamp,
as compared with the carbon lamp, although it possesses several
other advantages. The following table shows the saving of the
tungsten lamp over the carbon. The comparison is made on the
basis of the same amount of light. The initial candle-power
of the two lamps is the same, but over a period of time the
tungsten lamp will give more light on aeccount of its superior
candle-power maintenance throughout life.

Cost of Light = Energy Costs -+ Lamp Costs.

Lamp Costg |Total Cost of

E Energy Cost
| Initial |per 1,000 hre,
|

Lamp C-P. | 7| (Assume free | Light for
-P. | at10 cents |~ 2 :
| per kw-hr. Carbon lamps)|1,000 hours
24 — watt Mazda.. ... l 20 ! $2.50 .50 £3.00
| 600 s avem v (.00

60 — watt Carbon. .. “ 20

Baving effected by Mazda Lamp — £3.00

The table shows clearly that one is losing money if he uses
carbon lamps that are given to him. Even if the tungsten lamp
were extremely fragile, it would probably be cheaper to use it
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in the long run, for one could afford to break a half a dozen
every 1,000 hours and still come out ahead.

The Gem lamp has a certain field; because of its ruggedness
it can be used in some places where a metallie filament lamp
cannot be employed, and its low first cost makes 1t desirable for
certain types of installations. Where a cheap rugged lamp is
required, or desired, a considerable saving is effected by using
the Gem lamp as compared with the earbon. Calenlations made
on the same hasis as those in the Cost of Light table show that
for an energy rate of three cents or more per kilo-watt hour, it
is more economical for the consumer to use Gem lamps, even if
the carbon lamps are supplied free of charge. Very often the
Gem lamp serves as a stepping stone from the carbon to the
tungsten-filament lamp,

Cost of Light = Energy Cost + Lamyp Cost,

{ Energy Cost . 1 ‘ .
- \ cop for 700 hours |Lamp cost for| ;!'(ibalhg(}?t
Al | at 10 cents per| 700 hours | ’_0(‘]]91-' 107
| | kw- hr | . / wours
|
— : _ |
60 — watt Carbon.... 20 54.20 16 $4.36
50 - watt Gem. ... .. 20 3.50 20 E)

Same amount of light — net saving per lamp 66 cents.

The tantalum lamp is steadily dropping out of the race. Its
invention marked great progress in lamp manufacture, for it is
a vast improvement over the carbon lamp, and it would un-
doubtedly have been a great lamp had it not been so nearly
co-eval with the more highly efficient tungsten lamp. The tan-
talum is more efficient than the Gem, but if a metal-filament
lamp can be used, the tungsten lamp has much more to offer.

The fragility of the tungsten-filament lamp, as first made,
did much to hold it back, but, with the perfection of the wire-
drawing process and other improvements in the manufacture,
this objection has been overcome. While the drawn-wire lamp
cannot be compared with the carbon on this score, it is rugged
cnough fo withstand the ordinary shocks encountered in ship-
ping and in use.  Shock tests have shown it to be stronger than
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the pressed-filament lamp at any stage of its life. The satis-
factory service of the tungsten-filament lamp in street cars,
railway trains, automobiles, and the like, is an evidence of its
ruggedness. The four classes of lamps in the order of their
mechanical strength are earbon, Gem, tantalum and tungsten.

The candle-power maintenance of the tungsten lamp is much
better than that of the other classes of lamps. In this respect
tantalum is next, then Gem, and carbon. The tungsten lamp
gives a longer life also at the rated voltages. All the lamps
operate satisfactorily on either alternating or direct current
with the exception of the tantalum. When burned on alter-
nating current, the tantalum filament seems to offset and its
life is very unsatisfactory. The operation of the tungsten-fila-
ment lamp on fluctuating voltages is more satisfactory than that
of the other lamps, for it has a higher temperature-resistance
coefficient and a given change in voltage does not produce as
large a variation in candle-power. The carbon lamp with a
negative temperature-resistance coefficient is affected most by
a given change in voltage.

The quality of light emitted from a tungsten-filament lamp
surpasses that from any of the other classes of lamps. All in-
candescent lamps give off relatively too much red light, that is,
they are deficient in the blue and green end of the spectrum,
and objects viewed in their light do not show their true color
values. Tt is for this reason that dark blue cloth appears hlack
in the light of a carbon lamp. TIn the tungsten lamp, however,
the percentage of blue and green light is considerably higher
and the resultant light approaches davlight more nearly. Next
to tungsten in this respect comes tantalum, and then the Gem
and the carbon.

As compared with other types of illuminants, the incandescent
lamp, particularly the more efficient ones, possess many advan-
tages.  Among them are low first cost, low maintenance costs,
adaptability to different types of reflectors, large range of sizes,
range of voltages, reliability. convenience, safety and good qual-
ity of light. The tungsten-filament incandescent lamp, then,
with its high efficiency and increased strength, bids fair not
only to displace other classes of incandescent lamps. put to push
into the fields of other types of illuminants.
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BUILDING CONSTRUCTION AT THE UNIVERSITY.
W. P. BrocHER, '14,

While innumerable statistical statements have been published
to show the growth of our University, its present rate of ex-
pansion can be most popularly illustrated by a review of the
building construction now under way or about to start. When
we consider that aside from the several buildings recently com-
pleted and now occupied, there are in the process of construc-
tion no lss than six separate buildings, totaling in cast to seven
hundred thousand dollars, the most avowed pessimist cannot but
admit that Wisconsin is maintaining a most favorable position
in the growth of American Universities.

In the April, 1909, issue of the Wisconsin ENGINEER, there
appeared an article written by Supervising Architect Peabody
on the general design of the University grounds and buildings,
in which a general plan for futuer expansion was deseribed.
The construction now under way, while not entirely in accord
with the general design mentioned, presents no radical depart-
ure.

BIOLOGY BUILDING.

Of the present construction, the Biology Building is the largest
single picce of work. It consists of a four story building of yel-
low sandstone. 240 ff. x 44 ft. in main plan with a 50 ft. audi-
torimm extension on one side, and appendages such as greenhouses
and agquarinm on the south side. Tt is situated on the south-
crly slope of the hill below Main and South Halls. Work has
been in progress for about eighteen months, and the completion
of the building is assured by August. Including the large
amount of diverse equipment that it will contain, the building
represents an investment of over two hundred thousand dollars.

& is most modern in every detail, and will fill a long-felt want
in providing up-to-date facilities for thorough scientific study.

The apparently peculiar location and shape of the building
ig accounted for by the unusual requirements that had to be met.
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As the question was explained, these requirements (such as a
long south facade for plants, and a long north facade for mi-
croscopic work) made it imperative that the building be long
and narrow in plan, with its major axis running east and west,
and that it be located on high, unobstructed ground, exactly as
now built. When further consideration was given to accessi-
bility, the available locations were mnarrowed down, leaving
after all objections had been overcome its present location as the
only feasible one that would fit the general plan for expansion.

It might be mentioned that with the proposed enlargement
of University Iall dome, and the contemplated building on the
north slope corresponding, the Acropolis effect, as sought in the
general design, will overcome many of the popular criticisms that
have been raised, such as the present disturbed appearance of the
hill from a distance.

ADDITION TO CHEMISTRY BUILDING.

The demand for more room due to the growth of the Chemis-
try Department is being met by the construction of a four-story
and basement wing, 140 feet long and 50 feet wide. The addi-
tion is to be of buff-colored pressed brick with stone trimmings,
harmonizing with the present building. The construction is
designed to be entirely fireproof, necessitating concrete floors,
and will entail a cost of $85,000. The first floor is designed for
laboratories in general chemistry; the basement will be used
for physical and electro-chemistry, while the remaining space
s yvet unassigned.

The basement excavation and concrete foundation walls were
completed last fall, and the entire wing will be finished by Sep-
tember,

HOME ECONOMICS AND UNIVERSITY EXTENSION BUILDING,

Only a few yvears ago, in preparing the general design of
the University, it was not felt necessary to provide separate fa-
cilities for the department of Home Economies; vet so great has
been its growth that a permanent four-story and basement home
is now being huild at a total cost of $105,000. The plans pro-
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vide for ultimately a main building and two wings, although
one wing is being left for future construction. The building
will be faced with light-colored brick, similar to that of the
Central Heating Station, and will have Bedford stone frim-
mings. It is located along Linden Drive, just east of Agricul-
{ural Ilall, facing the south, occupying the location originally
intended for the Scientific Library.

AGRICULTURAL CHEMISTRY BUILDING.

That the valuable work of the College of Agriculture is well
recognized is evident from the liberal policy which the state is
pursuing in providing facilities for this work. ITardly have
the Agronomy, Agricultural Engineering and Iorticulture
Buildings been completed when we find provision made for a
puilding for the Department of Agricultural Chemistry. It is
located south of Agricultural Hall, in the same group with
the above-mentioned buildings, It is to be a two-story and base-
ment structure, of dark colored brick with stone trimmings and
tile roof, harmonizing in architectural effect with the other build-
ings in the group. The appropriation to cover the cost of its
construction amounts to $90,000, of which $2,200 has been spent
for the foundation work., The econtract for the building proper
has not yet been let, but is now under consideration.

The building will be occupied exclusively hy laboratories for
agricultural chemical work and for the work of the experiment
station.

ADDITION TO HISTORICAL LIBRARY.

The State Iistorical Library is to be enlarged by the con-
struetion of the previously planned northwest wing. This is
to be a four-story and basement addition, 50 ft.x 60 ft. in
ground plan.  The construction will he of steel framework with
cut stone facing, as the present part. While the architectural
treatment will be identical with that of the southwest wing, the
interior will be greatly improved, and the space for books largely
angmented,

The entire wing, exclusive of furnishings. is estimated to cost
$56,000, the contract for which has recently been let to the In-




Building Construction at the Universily 369

Girls’ Dormitory.
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terstate Construction Company of Saginaw, Mich. The foun-
dation excavation and concrete foundation walls were completed
last fall under a separate contract at a cost of approximately
$2.500.

JORMITORY FOR GIRLS.

The Girls’ Dormitory which is being erected on University
Avenue between Chadbourne and Lathrop Halls will be the first
of the dormitory system. The building will be four stories high,
with basement, 140 ft.x 50 ft. in plan, with two 50 ft. x50 ft.
wings, and will cost about $150.000. It will be built of vellow
sandstone, of the variety used on University Iall, and will have
a tile roof similar to one on Lathrop Iall. Connection will he
provided to Lathrop and Chadbourne ITalls by closed passage
Ways. ‘

It is intended to provide kitchen facilities on the west side
sufficiently extensive to take care of the necessities of Chad-
Lourne and Lathrop ITalls as well, thus making available addi-
tional room in these buildings.

All the above-mentioned buildings and additions will be con-
nected to the University heating system. The installations pre-
sent no unusual features, all the heating outfits being of the
university standard type, with automatic valves designed to
maintain a temperature of 70 degrees Fahrenheit, exeept in the
Girls’ Dormitory, where the ordinary throttle valve will be pro-
vided.
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GLIMPSES OF THE PANAMA CANAL.
E. D. Giryax, '13.

The Canal Zone is a strip of land about ten miles wide with
the canal as a center line, which crosses the Republic of Panama
at its narrowest point. The distance from sea to sea is 47 miles,
The Yone includes an area of about 448 square miles. This land
was formally acquired by the United States from the French
Canal Company on May 4, 1904. By a treaty with the Republie
of Panama the United States paid to the Republic $10,000,000,
and agreed to pay thm $250,000 annually, beginning nine years
after the signing of the treaty. Under this treaty the United
States secured absolute control of the Canal Zone, with juris-
diction over the adjacent water for three miles from shore.
The cities of Panama and Colon with their water fronts, though
within the five-mile limit of the center line of the canal, are
excluded from the Canal Zone, and are under Panama govern-
ment. The United States, however, retains the right to regu-
late their sanitary conditions.

The success of the Americans can largely be attributed to the
thoroughness with which the preliminary plans were worked
out. The first two and one-half years were largely devoted to
work of preparation; building up a suitable organization; pro-
curing plant and equipment; combating unsanitary conditions;
improving terminal facilities; making provision for adequate
transportaton to the Isthmus from the United States; building
quarters for the army of workers who were to follow; and estab-
lishing a stable form of government, including courts, schools,
police and fire departments. TIn a little over two years the jun-
gle infested with mosquitoes and various low forms of animal
and vegetable life injurious to health, was transformed into a
comparatively healthful country, with advantages of comfort,
food, and quarters quite comparable to those enjoved by the
average citizen in the United States.

The Atlantic entrance to the canal lies west of the Pacific en-
trance. Ships passing from the Atlantic Ocean to the Pacific
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Ocean will move eastward. The neck of land between North
and South America makes a large bend, and at that point through
which the canal is being dug, runs nearly northeast and south-
west. It is a strange fact that riding in the late afternoon on
the Panama Railroad toward Colon, the Atlantic port, the train
moves toward the setting sun. It is possible to see the sun set
in the Atlantic Ocean and rise in the Pacific Ocean from the
Canal Zone.

The lock eanal which is being built consists of a sea-level en-
trance channel, seven miles long, and 500 feet wide on the At-
lantic side to the foot of the Gatun locks. On the Pacifie side
there is a corresponding sea-level channel nearly cight miles
long to Miraflores. At Gatun ships will pass from sea-level to
the 87 foot lake level and vice versa, by a series of three adjoin-
ing locks in duplicate. They will cross the Isthmus 87 feet
above the sea as far as Pedro Miguel, 32 miles from Gatun,
where by one lift, with duplicate locks, they will be lowered
to Miraflores Lake, 5424 feet above sea-level. One mile from
Pedro Miguel, at Miraflores, vessels will be lowered by two locks
in duplicate to the sea-level on the Pacific side, and proceed
down the eight-mile channel to the ocean. The 87-foot level
of the canal and Gatun Lake is mantained by a great dam at
Gatun and by a smaller one at Pedro Miguel. All land between
these points which is lower than this elevation will be flooded.
It has been necessary to abandon whole villages on this account.
The tide on the Atlantic coast has a variation of less than two
feet.  On the Pacific coast the variation is more than twenty
feet. The great difference in the tides at the ends of the canal
would have been a serious problem in the construection of a sea-
level canal.

ITuge breakwaters extending several miles into the ocean are
being built to transform Colon Bay from a dangerous to a safe
harbor. These breakwaters are being constructed with large
roek from Porto Bello, and with spoil from' the Canal Prism.
It is here that the work of the Isthmian Canal Commission and
of the Atlantic Division starts. Excavation of a 500-foot chan-
rel is being carried on within the breakwater, by a sea going
suction dredge, dinper dredges, and old French ladder dredges.
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At the left of the channel, three miles from its beginning, lies
(Cristobal, the American port of the Canal Zone. A mile farther
the back of the bay is reached and here commences the dry ex-
savation through the Mindi Hills. Beyond this low range of
hills is a swampy tract of land through which the channel is
excavated by dredges. At Gatun, seven miles from the en-
trance. the sea-level channel ceases and ships will be raised to
the higher level by means of the locks.

The Gatun Lake, above the Gatun Dam, does not exist at
present, but will undoubtedly be allowed to fill during the com-
ing year. It will be a body of fresh water with an area of 164
square miles, fed by the Chagres River-with a drainage area of
1,320 square miles. The water will be utilized for passing ships
through the locks, and for generating electric current for light-
ing and power; and much, too, will be lost by evaporation and
seepage. A careful study of data and records has climinated
all fear of a scarcity of water supply.

The water in the lake is backed up by the great Gatun Dam.
This is about 9,000 feet long measured along its crest, including
the spillway and loecks. The thickness of the dam at its base
will be fully 2,000 feet; at the water surface 400 fect; and at
the top, 30 feet above the water level, 100 feet. The construe-
tion of the dam is being carried out by building two walls of
rock, composed of spoil from the eanal and lock excavation,
about 1,200 feet apart. Impervious material 1is pumped be-
tween these two retaining ledges by pipe line dredges. Outside
of the toes of the dam waste piles will slope gradually and ex-
tend as far as available material will carry them.

The spillway is a concrete lined channel cut through a hill
of rock along the line of the dam near its center. It is provided
with gates so designed as to allow the lake level to be regulated.

The locks are near the eastern end of the dam. The lift to
the lake level is accomplished by three locks in series, the aver-
age raise being about 29 feet. The locks are all in duplicate,
making a total of six which are being built at Gatun, and twelve
along the whole canal.

The locks are of such a size as to accommodate a boat with
110-foot beam and 1,000 feet long. The Olympic, one of the
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largest boats afloat, has a 92-foot beam and is 882 feet long.
Each lock is a chamber with concrete sides and bottom. Across
the bottom at regular intervals extend rows of holes, through
which the water is admitted or withdrawn, and the level regu-
lated by the operation of valves in the side and middle walls,
which permit water to flow into and out of the locks by gravity.

A principle of design has been that at all times there shall
be not less than two barriers separating a high level from a low
level of water. To ecarry this out, there are two gates at the
upper end and two gates at the lower end of each lock. These
double gates will be operated simultancously. The 92 gate
leaves required weigh 58000 tons, and the contract for them was
let for about $5,600,000, one of the largest single contracts ever
let. A chain stretehed across the lock one hundred feet in front
of each gate passes over friction drums within the walls, which
are so designed that as the chain pays out the friction increases,
and will stop a ship of 10,000 tons moving five miles per hour
before it can reach the gates. The engineers have not ‘‘sat up
nights to devise a method whereby the largest boats will have no
momentum,’” as stated in a recent Outlook, but have left nature
as it is, and have simply devised a method to control it. In
case of mishap to the gates, damage to the locks is guarded
against by emergency dams above the upper gates. These are
essentially a swing drawbridge which can he thrown across the
locks. The flow of water can be stopped by means of wicket
girders lowered into a groove in the bottom of the lock. All
vessels will be towed through the locks by eleetric ““mules’” run-
ning upon rack tracks on top of the walls, and no vessel will be
allowed to move its propeller while within the locks. This ob-
viates the danger of mistaken signals between the pilot house
and engine room. Both of the side walls and the middle wall
are traversed the entire length by an operating tunnel. The
walls are honeycombed by machinery chambers in which are
placed the motors and machines for operating the gates, Stoney
gate and cylindrical valves, fender chains, float wells, ete. As
a boat passes through the locks in the near future those on deck
will see nothing but the smooth outline of the concrete walls
and the tracks upon them. They will not realize the depth of
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water under them or the great height of the walls. They will
not, see or realize the enormous amount of work in the design
and lay-out and the construction of the various machinery cham-
bers. Tt is too bad that there is not some transparent material
which could be substituted for conerete so that the intricate
character of the operation could be noted in the passage.

The operation of all the movable parts of the locks, with the
exception of the “‘mules,”” is to be controlled from a single cen-
tral station upon the middle wall. Everything is operated by
electricity and is so interlocked that it is mechanically impos-
sible to operate any machinery in a wrong sequence or at the
wrong time. The personal element of danger is reduced to a
minimun,

Electrie energy is at present being used in the construction of
the locks, to operate the entire concrete handling system, cable-
ways, cte. The power during construction is obtained from
steam turbines, fed from boilers using oil as fuel. Eventually
this plant is to be abandoned and the power for operation will
he generated by water turbines from the head ereated by Gatun
Liake. This power plant is to be situated just below the spill-
wiay.  The man in charge of the design and layout of power
hoth for present construction and for future operation, and of
thie design of the operating machines for the various parts of
the locks, both electrical and mechanical, is a graduate of the
University of Wisconsin—Mr. Edward Schildhauer, 97, E. E.
1. For several years he has Leen ably assisted by Mr. W. R.
MeCann, ex-"11, Assistant Engineer.

The middle wall of the lower and of the upper locks extends
For 1.200 feet beyond the lower and upper gates as an approach
wall.  The magnitude of the construetion may be partly realized
from the fact that the distance from the lower end of the upper
approach wall of the Gatun locks is something over one and one-
(uarter miles,

About. 2,000,000 yards of concrete are to be placed in the
Gatun locks. The total amount of conerete used in the entire
construction, including the other locks and the spillway, will be
over 5,000,000 cubic vards. Broken stone for the Atlantic Di-
vision is brought from a quarry and crushing plant at Porto
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Bello, 17 miles east of Cristobal. For the Pacific Division the
stone is quarried at Ancon Hill. Sand is brought from Nombre
de Dios, several miles beyond Porto Bello, for the Atlantic Di-
vision, and from Chamé on the Pacific coast for the Pacific Di-
vision. Nearly 5,000,000 barrels of cement will be shipped from
the United States to Panama.

The channel, for the first fifteen miles through Gatun lLake,
will be 1,000 feet wide and 75 feet deep. For the first eight
miles the natural elevation of the ground is such that no ex-
cavation has been necessary. At Tabernilla, eight miles from
Gatun, the first difficult excavation was encountered, and the
channel narrows to 700 feet. Twelve miles farther at Bas
Obispo it narrows to 500 feet and turns abruptly southeast and
enters the nine mile cut, known as ‘‘Culebra Cut,”’ through the
Cordilleras, the continental divide.

Culebra Cut starts at Bas Obispo and ends at Pedro Miguel.
The minimum bottom width is 300 feet, and depth 45 feet. At
Gold Hill across the cut from Culebra is the deepest excavation.
From the top of this cut to the water level will be nearly 300
feet, and the decks of boats passing through will be below the
level of the surrounding country.

The various operations in excavation are—drilling, blasting,
loading, transporting, and dumping. A battery of from 4 to
12 drills proceeds each shovel, and by the drilling and blasting
the ground is loosened ahead of the shovel. Over 1,000,000
pounds of dynamite per month are being used. Power to run
the drills is furnished by one of the largest compressed air
plants and supply mains in the world. A 10-inch main runs
{he entire length of the cut, and is supplied by three plants
having a capacity of over 30,000 cubice feet per minute at 100
pounds pressure.

The smaller steam shovels used in excavating weigh 70 tons
and have 214-yard dippers. The larger shovels weigh 95 tons
and have 5-yard dippers. The greatest problem of excavation
has been to keep the shovels supplied with cars so that they can
work continuously. The record for one shovel for one month
has been as high as 58,000 cubic yards, and for one day of eight
hours 3.900 cubic vards, which is equivalent to the work of 600
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men.  All repair work upon the shovels is done af night, and
cach shovel is supplied with coal and oil by night gangs, so that
the entire day is available for actual work.

The material excavated is loaded into long flat cars and car-
ried to the dumps. The ears are unloaded by a five-ton steel plow
operated by a “‘Lidgerwood’” unloader receiving steam from the
lscomotive.  The whole train of eighteen cars can be unloaded
in five minutes. There are also steel cars in use. The smaller
ones are dumped by hand and the larger ones by compressed air.

The total excavation to be made in Culebra Cut is about
100,000,000 eubie yards, ineluding 5,000,000 estimated for slides.
At present, about 84 per cent of excavation in this cut has been
completed.  In the total length of the canal there have been
163,000,000 cubie vards excavated to date; there remain 32,700,-
000 to be excavated.  Thirty million cubic yards of the French
excavation is available for the present eanal, making the total
amount of earth removed in the construction of the canal about
225,000,000 cubic yards.

At Pedro Miguel a ship is to be lowered by one flight to the
level of Miraflores Lake, and a mile farther at Miraflores by
two locks to the ocean level. The bottom lock at Miraflores is
provided with a tidal gate, and excavation is such that the locks
can be operated at any stage of the tide. From Mirafiores to
the ocean is a channel eight miles long with a minimum width
of 500 feet. A channel 500 feet wide and four miles long is
being dredged into the ocean. The Pacific entrance is well pro-
fected by many islands and a breakwater is scarcely necessary
for protection from storms. Heavy currents exist along the
coast, however, due to the great tide, and Naos TIsland, four
wiles from shore, is being connected with the mainland by a
dike built of spoil from the eut. This is to prevent the large
(uantities of silt which the current carries from settling into
the canal channel.

The number of men employed upon the Isthmus has heen
steadily deereasing in the last few years. There are at present
about 26,000 laborers and 4,500 white men. a total of about 30,500.
The department of construction and engineering employs 24,700
men.  The white men are mostly Americans. Their work is the
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control and direction of the various places of the different de-
partments. Among them, and especially among the engineer-
ing forces, are to be found many college men. The laborers
are mostly negroes from Barbados and Jamaica. Spanish con-
tract laborers of which there were a great number a few years
ago are leaving the Isthmus. The negroes are a peculiar class
of ignorant and superstitious people. They are very proud of
the fact that they are “‘objects’” of the king of Ingland.

The engineering department consists of four main divisions,
the office of the Chief Enginecer and the three divisions hefore
referred to. The office of the Chief Engineer consists of two
divisons, the department of design and the department of sta-
tistics, records and meteorology. The department of design
under the Assistant Chief Engineer consists of five departments
under civilian designing engineers. The Electrical and Mechan-
ical Engineer (Mr. Schildhauer) has charge of the design ol all
motive power and machinery connected with the construction
and the operation of the locks. Other designing enginecers are
in charge of masonry design, spillway design, emergeney dam
design, and the design of the lock gates. The plans for the
spillways were completed nearly a year ago and the office force
disbanded. Mr. Schildhaner’s department of machine design
consists of the force in the office at Culebra, the inspection force
in the United States, and the erection force upon the work.

The conditions surrounding a life among this organized activ-
ity cannot be clearly understood by reading accounts of it. Omne
must live in it to really appreciate what it means. Most often
is it asked whether it is hot down there. It is not excessively
hot, the temperature seldom going above 90 degrees, but the
heat is rather oppressive as the humidity is nearly 80. The at-
mosphere is so damp that clothing, shoes, books, and especially
any leather goods beecome covered with a nasty green mold if
left unbrushed for even two days. Most people dress in white
erash or khaki, which ean be sent to the laundry and thoroughly
washed and ironed. Quarters are furnished to the employees
free of charge. The houses present the same appearance from
the outside, enclosd in black screening from the ground to the
roof. The screening used is copper, as it has been found that
iron deteriorates too rapidly to be of any use. The roofs are
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peaked, built of galvanized iron. The most common type of
quarters for the bachelors is an eight room house, four on each
floor.  The rooms accommodate two men each, and are furnished
with two iron beds, two dressers, chairs and a table. The em-
ployees have to provide their own bedding. A large eight foot
veranda extends around the entire building on both floors,
outside of which is the screening. The windows do not have
glass, but are protected by green wooden blinds. Each floor
is provided with a shower bath, and each house with a ‘‘dry
room’’ heated by an eleetric stove, in which clothes, books, ete.,
can be kept free from mold. A negro janitor cares for the
house, makes the beds and eleans the rooms. For a small tip
cach month he keeps shoes shined, cares for laundry, and per-
forms other personal services. The quarters of the married peo-
ple are of a different type. The size of a man’s house and the
kind and number of pieces of furniture with which he is sup-
plied depends upon his salary. In consequence the quartermas-
ter has hard work to keep out of hot water, for if one man’s
wife calls upon a neighbor whose hushand is getting the same
salary, and counts one more or a better grade of chair than she
Las, there is trouble. This system also furnishes ample oppor-
tunity for the spreading of village news. As soon as a man gets
o raise his wife hurries to the quartermaster and receives an-
other chair or table, and displays it in a conspicuous place. By
the kind of chair or type of furniture those versed in the mys-
tery of the quartermaster’s equipment can tell the amount of
raise which a neighbor got.

Unmarried people in Culebra board at the I. C. €. (Isthmian
Canal Commission) Iotel. Meals cost thirty cents each, and
in general are good. The food is much the same as is served
in hotels in the states, though most of it has been canned, and
the meat has been in cold storage. Tropical fruits and vege-
tables, such as yams, alligator pears and mangoes, are served to
a great extent. The hotels are neat and clean. A partition di-
vides the room into two parts: in one a man eats with his coat
on and is served from a table with a linen cloth and given a
linen napkin; in the other he leaves his coat off and eats from
tables covered with oil-cloth, and uses a paper napkin. This
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arrangement is to accommodate the men from the office as well
as the men from the cut, many of whom prefer to eat before
cleaning up. The food on both sides is the same.

The center of the soeial life upon the Isthmus may be said to
be the I. C. C. Clubhouses. They are under the efficient man-
agement of the Y. M. C. A, but are everywhere known and re-
garded as the ‘‘clubhouse.””  There are seven of these buildings
upon the Zone, each under the managment of a secretary and
assistants. The buildings are large and attractive. Within are
found bowling alleys, billiard and pool rooms, chess and checker
rooms, refreshment counters, barber shops, and reading rooms.
The reading rooms are provided with most of the magazines
published in the United States, and with newspapers from the
larger cities. On the second floor are large gymnasiums. The
several clubhouses have their basket-ball, howling, indoor base-
ball, and track and field teams, and a tournament of some sort
is at nearly all times taking the interest of the members. Dis-
cussion clubs are held weekly, and classes in Spanish and other
subjects are held regularly. The Y. M. C. A. also provides
many entertainments, having their glee club concerts, smolkers,
minstrel shows, amatenr theatrical societies, and choral societies,
Tn addition to this loeal entertainment, speakers and concert
companies are brought down from the states.

The many departments in the complete organization of the
Isthmian Canal Commission under Colonel Goethals are as
varied as the many occupations in any representative city. The
civil administration and law, the disbursing, accounting, sani-
tary, quartermasters, subsistence and the departments of the
engineering staff, furnish men in all the professions and work
found in city life in the United States. These are all organized
to the highest point of efficiency with one head. The result fur-
nishes an example of what efficient administration may accom-
plish, providing, of course, that such a man can be found to
place at the head as is at the head of the Isthmian Canal Commis-
sion. Tt is team work with a wonderful eaptain, and each man
sacrificing individuality for the sake of the team, that is to
make the Americans successful in this great nndertaking.
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TESTS ON REINFORCED COLUMNS.

The results of an extensive series of tests of the strength and
elastie properties of conerete columns reinforced with spirals
and longitudinal rods, condueted by Prof. M. O. Withey, assist-
ant professor of mechanies in the university laboratory for test-
ing materials, are contained in Bulletin 466, University of Wis-
consin, Engineering Series, Vol. 7, No. 1, just issued. The tests
were made from a rather comprehensive point of view, no less
than seven elements being thoroughly investigated ; to do this,
sixty-six columns of commercial size were tested. The findings,
which in most cases are noteworthy, briefly ecomprise the fol-
lowing :

1. With respeet to varving the richness of the mixture, the
fact was developed that rich mixtures are more economical
than lean ones, provided materials can be obtained at average
prices. It was found that more economical mixtures are pro-
duced when the proportion of cement to aggregate, by weight,
lies between 0.2 and 0.7,

2. With reference to the effect of varying the percentage of
spiral reinforcement, the tests showed that although the yield
point is practically independent of the spiral reinforcement, the
ultimate strength and toughness are directly affected by it;
one per cent. of elosely-spaced spiral of high carbon steel was
shown to be sufficient for lateral reinforcement.

3. As to varying the percentage of longitudinal reinforce-
ment, it developed that the addition of longitudinal steel can
be made to considerably increase the yield point, ultimate
strength and stiffness. As, however, cement is ordinarily a
more economical reinforcement than steel, it does not seem ad-
vantageous to use in combination with a rieh conerete, more
than two or three per ecent. of longitudinal steel.

4. In regard to the effect of repeated or time loadings, no
definite conclusion was reached, although the results plainly
indiceate that there is praetically no inerease in set or deforma-
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tion after a few repetitions of loads equal to 40 to 50 per eent.
of the yield point.

5. With respect to columns eccentrically loaded, the close
agreement between the values derived from the tests and the
theoretical values shows that common formula

P Mc
BEE W
for short homogenous columns eccentrically loaded, is applica-
hle to reinforced concrete columns.

6. As to the effect of differences in end conditions, that is,
the bearing surfaces, the tests disclose that the strength of a
column will be about as great when resting on a footing as
when bedded on a metal plate, provided the base is properly
reinforced.

7. With reference to the relative value of plain and deformed
bars for longitudinal reinforcement, the results with the use of
corrugated bars of high carbon steel were so uniform and the
strengths so high that this type deserves much consideration.
The use of deformed bars of high elastic limit was shown to be
more economical, with certain ratios of unit prices, than plain
round bars of mild steel.

The bulletin contains a very complete bibliography of pub-
lished matter on the subject of testing reinforced concrete
columns.
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Fraxk E. Fisuer, '06, Electrical Engineer, Diehl Mfg. Co., Elizabeth-
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R. H. Forp, 06, '09, Electrical Engineer, General Electric Co., Lynn
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J. E. Kavrruss, '08, Instructor of Civil Engineering, University of
Maine, Orono, Maine.

M. D. CoorEr, *08, Electrical Engineer, National Electric Lamp Associa-

tion, Cleveland, Ohio.

Harz H. HUNNER, '09, Civil Engineer, Oliver Iron Mining Co., Hibbing,
Minn.

F. E. Bares, 09, ’10, Civil Engineer, Drafting Dept., Kansas City Ter-
minal Ry. Co., Kansas City, Mo.

EDITORIAL,

To the Class of 1912:

We offer our congratulations. You have made somewhat of
preparation for your professional career. It is probable that
vour professional knowledge at this time is not a large part of
vhat it will be at length, but it is none the less valuable. hoth in-
trinsically and as an earnest desire of the wider learning of riper
vears.  We hope and believe that opportunity will be yours; op-
portunity which vou will be the better able to seize upon, bhecause
youw are well prepared ; opportunity which will bring to you this
world’s rewards and a consciousness of work well done. In the
busy world of commerce vou will find other opportunities, less
selfish in their nature, and in their presence von will not forget
the watchword of our University, ‘Service.”’
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As you go out from among us you are to find life very full
of interest and achievement, but we ask that you do not let these
new interests supplant the old.  Keep in touch with your college.
The contact will be mutually beneficial. Keep posted as to what
is being done in your college, and let us know what you are doing.
We offer as a convenient medium THE WISCONSIN ENGINEER.

Ed * *

At stated periods it is customary to make inventory. We be-
lieve that as a class is graduated from a professional school there
exists an unusual opportunity for the individuals of this class to
take stoek. It will be well to see what you have of equipment,
and what more should be provided. You entered a professional
school presumably to fit yourself for the practice of your profes-
sion. By this action you seem to have differentiated in your
mind between the high grade engineer and the high grade me-
chanic. Ilave you in your equipment that which will if properly
angmented and utilized enable you to realize your ambition of
professional suecess? To attempt to add to the many definitions
of Engineering is futile; yet we must consider at least some of
its phases if we wish to consider fitness for its suceessful practice.

Engineering is both an art and a science; it is a profession of
action as compared with other professions which are chiefly con-
servative: it is a profession dealing with unrepealable laws and
in which opinion must eventnally be sustained by proof; it is a
profession in which you will perhaps always be either an em-
plover or employee of other engineers; and finally it is a profes-
sion which like all of life is a most strenuous competition.

Have you an idea of the general laws of science on which your
engineering education has been based? THave you some skill in
the arts which serve this science? THave you lived these four
vears so that you will fit naturally into a life of action, where
results will be demanded with sharp insistence? Iave you
learned to take orders and to give them, and meet all mén with
certain poise?

Have yvou made up your mind to stay in the game? To fight
hard but squarely? To mever be beaten? Then you are well
prepared, and the future holds good promise.
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DEPARTMENTAL NOTES.
MECHANICS DEPARTMENT,

An experimental study of automobile springs is under way in
the testing laboratory. The main problem in view is the deter-
mination of the ““action’’ of springs of various designs. These
tests are conducted to ascertain the behaviour of a spring with
respect to amount, rapidity and damping of vibrations after a
suddenly applied load.

*® * ko

The effect of alternating stresses on metals has been investi-
gated for the past two years by Mr. J. B. Kommers. Repeated
stress tests similar to those of Wéhler are hardly suitable for
commereial testing because of the time involved, and for this
reason the present experiments were performed on a machine
which stressed the materials beyond the elastic limit. Some of
the variables studied were the effect of speed of alteration of
stress, variation in the amount of the deflection of the specimen,
variation in the condition of the surface of the specimen, and
the effect of impact combined with deflection. A large number
of tests were also made on special alloy steels and other materials
for the purpose of determining a method of interpreting the
results of tests made under a set of standard conditions. The
results of the investigation will be published in the near future.

% % %

The junior mechanical engineers have practically finished the
new festing laboratory course, mechanies 54. Tt consists of tests
ol machine parts among which are the following: Tensile tests
of belts and belt joints or splices, hardness tests on metals by
the schroseope and Brinell methods, tests of elliptical springs,
tests of holding strength of set screws in shaft connections, study
and tests of welds and methods of welding. Some of the results
obtained will probably be considered of sufficient importance
to merit publication in the future.

As departmental research, Mr. Miller is carrying on a study
of mild steel welds made by the oxhydrie and ox acetylene proe-

-
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esses. In this speecial attention is being given to the microscopic
structure in the welds,
% % %

The department has substituted Boyd’s Strenglh of Mater:-
als for Merriman’s Mechanics of Materials, which has been used
for a number of years. This book will he used in courses 2 and
3. Prof. Maurer has also revised his text on statics and kineties.

DEPARTMENT OF MINING AND METALLURGY.

The summer school mining trip this year will be made to the
northwest. The class will meet at Butte, Montana, on June 19,
and spend several days in that eamp in underground and sur-
face inspection work. After a visit to the Washoe concentrat-
ing and smelting plants, the remainder of the session will be
held in the Coeur d’ Alenes, studying mining and milling prac-
tices in the silver-lead mines near Mullan, Mace, Wallace and
Kellogg. At the conclusion of the inspection work the members
of the class will get positions with the mining companies for a
month or more of work. A number of men will probably make
trips to the fruit regions and to the Pacific Coast before return-
ing to Madison in the fall.

CHEMICAL ENGINEERING DEPARTMENT.

Prof. C. F. Burgess attended the meeting of the American
Electrochemical Society at Boston from April 18-20. Papers
from members of this department were as follows: Prof. Watts
on the “ Effect of Various Substances on Corrosion of Iron by
Sulphurie Acid;”’ Prof. Kowalke on the “* Volatility of Zine Ox-
ide;”” and Prof. Burgess on ** Dry Cell Testing.”’

an an an
£ B o

F. R. Zimmerman and J. E. Fuller, senior mechanical engi-
neers, are doing thesis work under the direction of this depart-
ment on the “‘Cutting Efficiency of High Speed Tool Steels’ as
influenced by variations of temperature and heat treatment.
The tests are made under constant conditions and determine
ithe amount of metal removed and the life of the tool as used in
actual practice. The Northern Electrical Company furnished
the motor used in the test and a number of the various tool
manufacturing companies have furnished bars of tool steel.
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ALUMNI NOTES.

Ilarry Gardner, '05, is Professor of Sanitary Engineering,
University of Kansas, Lawrenece, Kansas.

W. P. Zabel 709, is foreman of the tungsten wire department
of the National Electric Lamp Association, Cleveland, Ohio.

In Los Angeles, California, a number of alumni are located.
Among them are H. E. Bailey, ’03, instructor in Machine De-
sion, Los Angeles Polytechnic Iigh School; J. W. Buchanan,
06, draftsman on the Los Angeles aqueduct; I’. B. Rogers, 05,
with the Engineers” Exploration Co.; A. T. Stewart, 04, as-
sistant engincer, City Board of Publie Utilities.

F. C. Youngblutt, '06, is at present assistant engineer with
the U7, 8. Reclamation Service at Glendive, Montana.

['. W. Fratt, '82, is president of the Union Depot, Bridge &
Terminal Railroad Co., 430 Midland Bldg., Kansas City, Mo.

S, L6 Elmore, 06, is manager of the drag line excavator de-
partment of the Bueyrus Co., South Milwaukee, Wis.

. M. Johnson, '06, Pastor Gomez, 09, W. J. Grodske, Jr.,
‘08, R. II. Whinery, 05, and W. M. Conway, ’06, are connected
with the Bureau of Public Works, Manila, P. 1.

It AL Iliteheock, °10, is an instructor in Structural Engineer-
ing in Cornell University, Ithaca, New York.

T. (. Nee, *99, is chief engineer of the Mexican Telegraph and
Telephone Co., Arco San Augustin, No. 8, Mexico City, Mexico.

E. B. Miller, '06, is superintendent of the Davison Chemical
Co., 601 Keyser Bldg., Baltimore, Md.

E. G. Merrick, 00, is a turbo-alternator designer, Cie Fran-
caise Thomson Houston Lesquin lez Lille, Nord, Franece.

R. E. Robertson, ’10, is with the U. S. A. Engineers, at La
Crosse, Wis.

Altmont Delgado, '06, is a partner in the Kingston Industrial
Works, Kingston, Jamaiea, B. W. I.

C. A. Seribner, 708, is foreman of electrical installations for

the Arnold Company, Chicago.

I
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We have for Sale Complete Files of the Following

Magazines for 1911.

Application :

Rates will be Furnished on

ENGINEERING RECORD
SOUTHERN ELECTRICIAN
MINING SCIENCE
ELECTRIC JOURNAL
TEXAS TRADE REVIEW

Engineering Bldg

WISCONSIN ENGINEER Room 215

Che Home of the

Roval Cailors

Everything that’s new
and fit to wear. We
cater to the wants of

particular

College aden

MADISON, WIS.

The Students’
Best“Friendin
Need.” When
the CLOTHES

Problem Press-

esfor Solution.

THEHUB

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

Pool and Billiards

Everything New

Morgan Bros. 534 State

J

OU’LL find this store a place where your desires in
clothes are provided for and your wishes about them respected

HART SCHAFFNER & MARX

Make the Best Clothes in the World; that’s why we
sell them. Suits, $18.00 and up.

OLSON & VEERHUSEN COMPANY

Parsons Printing and
Stationery Co.

Best Office Supplies
and Commercial Stationery

24 N. Carroll St.

Kindly mention The Wisconsin Engineer when you write.
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A Good Place to Meet
A Good Place to Eat

Frank’s Lunch Room

Phone 887 815 Univ. Ave.
Orders Delivered

Nature is always beautiful. When you have
had a good look at our spring woolens, which are
now on display and ready for your inspection, you
will realize their beauty. We invite an early inspec-
tion, and it you do not find something to suit you,
we will have the pleasure of showing you something
that cannot be excelled.

Yours to serve

ARCHIBALD’S

E. C. Tetzloff, Mgr.

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

BANK OF WISCONSIN

MADISON, WISCONSIN

Capital - - - - $300,000.00
Surplus - - - $60.000.00

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

William Owens | Pantorium Company

Truly a“House of Quality”

We are now permanently located in

PLUMBER our elegant new quarters at 538 State

Street, and with our many new and

Estiniates on ali modern machines, and improved and up
kinds of plumbing to date methods, are able to do the most
gladly furniShed. 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.

Pantorium Company

118 N. Pinckney Street “The House of Quality”

538 State.
WADISON » . WISUONSIN | o 9980 Phous:iges

GRIMM’S BOOK BINDERY

Flat Opening Blank Books, Magazir;e Binding and Library
Work a Specialty

Fourth Floor, State Journal Block Madison, Wis.
115-123 South Carroll Street 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 Liberai
Arts; a Course in Commerce; a Course in Music; a Course in Journalism, Li-
brary Training Courses in connection with the Wisconsin Library School; a
Course in Education; the Course for the Training of Teachers, and the Course
in Chemistry,

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

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

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

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

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

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

SPECIAL GOURSES IN THE COLLEGE OF LETTERS AND SCIENGE

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

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

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

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

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

THE COURSE IN CHEMISTRY offers facilities for training for those who desire to
become chemists. Six courses of study are given, namely, a general course,
a course for industrial chemist, a course for agricultural chemist, a course for
so0il chemist, a course for physiological chemist and a course for food chemist.

THE SCHOOL OF MUSIC gives courses of one, two, three, and four years, and also
offers opportunity for instruction in music to all students of the University.
THE SUMMER SESSION embraces the Graduate School, and the Colleges of Tetters
and Science, Engineering, and TLaw. 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
Iibrary, and the Madison I'ree 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 | pyppr BROS.
Liadies’ and Gents’ Gar- |
ments cleaned, dyed, altered, | Wholesale and
repaired and pressed . Retail Grocers

SUITS TO ORDER _ |
_ , The Place to buy Good
Goods Called For and Delivered

; Groceries Right
Telephone 365 ;
ﬂ[ldﬂ & Fosﬂ . 5'3 Stam St' | Cor. Pinckney and Mifflin Sts.

Carl Chomas THE FORD STUDIO

Photographer Geo. Hoffman, Mgr.

We MaHKe a Specialty of

College Shoes | The Curtiss Studio

We photograph anything,

SHUMAGHER'S SHOE STORE | any time, any where

Madison
108 State Street
21 S. Pinckney St. |

SAMUEL HARRIS & CO. | oIy
, - CollegeBilliard Hall
Tools and Supplies |

for Manufacturers H. W. SCHWEINEM
and Machine Shops |
- Make Your Dates Here
114 & 116 NORTH CLINTON STREET ‘
CHICAGO = Phone 2376
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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 1n

Suit cases, traveling bags,
ladies’ hand bags, and all

South-Central  Wisconsin s kinds of leather novelties.

The Wisconsin The Leather Goods Store

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

DUCKDLE-TTLARS (9

DESIGNERS AND ENGRAVERS
R Makers of High Grade [z3]
IMachinery Illustrations
SAINT PAUL. TIINN.
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PROFESSIONAL CARDS

CLINTON B. STEWART
ALVAN E. SMALL

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

Consulting Hydraulic Engineer ARCHITECT

uppl) ¢
Water Power Water Supply Dramnage ELLSWORTH BLOCK  PHONES: OFFICE 242

206 Wisconsin Pldg.,  Madison, Wis ‘ MADISQN WIS, RES, 2615
DANIEL W. MEAD FERD. L. KRONENBERG
CONSULTING ARCHITECT

ENGINEER .

Rooms 20 to 21 . "
a ey S.
MADISON, WISCONSIN | Carroll Block Madison, Wi

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. 31st. §t. New Yorhk

g ~

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’ checKks, good in all parts of the world.

Kﬁzdly mention The Wisconsin Engineer when you write.




This illustration shows a scene in the Testing Department of the
General Eleetrical Company. A group of technical graduates are
testing two large frequency changer sets by the pumping back
method. Each set consists of a 1250 Kw. alternator driven by a
synehronous motor with direet conneeted exciter. Sixteen men are
required to take the readings in this test.

400 to 500 technically trained men are employed as Student
Engineers in the Testing Department of the General Eleetrie Com-
pany. These men test all the apparatus manufactured at the Sche-
nectady and Pittsfield Works, including steam turbines, and are
transferred from one section to another at regular intervals.

The work is not easy and not always pleasant, but it offers an
excellent opportunity for the engineering student to secure a prac-
tical knowledge of the latest types of all kinds of electrical ma-
chinery.

Applications for employment in the Testing Department should
be sent to Mr. A. L. Rohrer, Electrical Superintendent.

General Electric Company

Largest Electrical Manufacturer in the World

Schenectady, New York
3471

Principal Office
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