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A UNIVERSAL INSTRUMENT FOR MEASURING
DEFORMATIONS OF MATERIALS.

H. F. MOORE, Asst. Professor of Mechanies, U. W.

In 1903, Messrs. Adams and Halm, while studying rein-
forced concrete beams in the University of Wisconsin Labora-
tory for Testing Materials, found it necessary to devise an
apparatus for the measurement of actual clongations and
compressions along the longitudinal fibers of beams.

Fine measurements (to one one-thousandth inch) were re-
quired, and, as several measurements as nearly simultaneous
as possible were to be made over long horizontal distances,
the micrometer with electric contact was not convenient. A
method was tried in which deformation was measured by the
motion of a pointer over a dial, a drum 1 inch in circumfer-
ence being on the same axle as the pointer, and the drum
being rotated by a silk thread passing over it. This method
was not successful owing to the great change in reading of
dial caused by a slight change in the moisture in the air near
the silk thread-—breathing on the thread causing a large
change in dial reading. The idea then occurred to the ex-
perimenters to replace the thread with a fine silk covered cop-
per wire, the silk insulation giving a firm frictional hold on
the drum, and copper core giving constancy of length of wire,
This idea put into practice was successful, and the apparatus
used at that time is still in use for making determinations of
the position of the neutral axis in beams.

Their apparatus is fully described in their thesis and will
not be again described here; however, an instrument based
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on the same idea, but applicable to a somewhat wider range
of tests, has been designed in the U. W. Testing Laboratory
and has been in successful use for several months. This ap-
paratus has been thought worthy of description.

The essential part of the apparatus is shown in Fig. 1.
The drum D and pointer P are fastened to an axle revolving
in hardened steel pivot bearings B. Over and round the
drum passes tbe fine insulated copper wire (No. 36 wire be-
ing usually used). The drum being 1 inch in circumference,
and the dial L. being divided into 1,000 parts, evidently read-
ings can be made directly to one one-thousandth inch, while
by means of a vernier V, readings can be made to one ten-
thousandth inch of deformation. The moving parts are very
carefully balanced.

The whole apparatus can be fastened to clamps or surfaces
by means of the screw S which allows some axial adjustment
of the whole apparatus, and the dial can be clamped in any
position by means of the lock nut N. In attaching or re-
moving the apparatus no disturbance of the adjustment of the
axle in its bearings is necessary.

Fig. 2 shows the apparatus used as an extensometer, the
form of clamp shown being specially designed for attachment
to the rods of reinforced concrete beams. The dial is screwed
into a block which in turn is attached to a pointed screw,
clamps being fastened to the specimen at two points by
means of pointed screws. The fine copper wire is kept taut
by weight W and passes round drum D, then down to lower
clamp and over idler pulleys I I I and up again to the other
side of the upper clamp from that from which it started. The
outside idler pulleys are adjustable as to distance from speci-
men and as to angle through which they are turned about a
vertical axis. The axles of the outside idler pulleys can be
kept horizontal, irrespective of the turning of the screws, by
loosening the thumbscrews TT and turning the blocks.

The axles of all idler pulleys run in hardened steel pivot
bearings.

The apparatus reads twice the elongation of the specimen.
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Fig. 3 is from a photograph of the apparatus used as a
compressometer on a 6-inch concrete cylinder. The circular
clamps with three pointed screws in each are attached to the
cylinder at any given distance apart, and the fine copper wire
led from one side of the upper clamp down to the lower clamp,
round three idler pulleys to the other side of the cylinder,
and then up to the drum of the dial apparatus, which is fas-
tened to the upper clamp, round the drum and finally to the
weight which keeps the wire taut.

As in the extensometer, the movement of the pointer over
the dial reads twice the deformation.

Fig. 4 shows the adaptation of the dial to measuring de-
flection in a cross bending test, a stick of timber being shown
as the specimen.

Over the supports of the specimen there are attached to
the specimen on éach side pins Z Z, these being attached
at the neutral axis. Side pieces R R are attached to the
beam by two of these pins at one end and rest on the two
other pins at the other end-—thus permitting sliding. To
the center of the beam, or at any other point where it is
desired to measure deflection, is attached a clamp C carrying
idler pulleys I I. From a pin attached to the right hand
side piece (see cross section through ¢b”) extends the fine
copper wire down to the clamp, over the idlers I I, and up
to the left hand side piece, where it passes over a third pulley
to and thence around the drum of the dial apparatus, which
apparatus may be screwed at any convenient position on the
left hand side piece. As in the other cases, the wire is kept
taut by means of a weight W, and the reading of the dial
gives twice the deformation.

An arrangement of the dial to indicate deformation in a
torsion test could be readily made by attaching an arm to
one end of a torsion specimen, the free end of the arm to ex-
tend to the other end of the specimen, and to carry a dial;
then attaching one end of the fine copper wire to the speci-
men, and winding the wire once around the specimen, carry-
ing the wire to and around the drum of the dial apparatus to
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a weight. The motion of the pointer over the dial would
then indicate the actual detrusion over the length covered by
the arm. (Fig. 5.)

The apparatus has been used to indicate deformation be-
tween parts of the web of a built-up steel beam, the dials be-
ing screwed to angle plates, which in turn were bolted to the
web.

A limitation of the use of the apparatus, which it shares
with all friction wheel measuring devices, is its tendency to
slip under shock. The moving parts are made as light as
possible, but, of course, they have some mass, and under any
considerable accelerating force the friction of silk insulation
on the brass drum is not sufficient to prevent slipping. This
limitation has caused no difficulty in static tests in several
months of fairly hard service in the U. W. Testing Laboratory.

The dial may be calibrated by moving a marked tag con-
nected to the wire leading from the drum over any integral
number of inches measured by any standard scale, and noting
the deviation of the pointer from zero at the end of such
movement. A correction factor can be thus obtained to ob-
viate any error in the size of drum or any errors due to thick-
ness of wire,

The principal of the apparatus has been tested by practical
service in the U. W, laboratory for some four years, and it
seems thoroughly sound. The form of apparatus described
above has been in use for the past five months, has been
used to measure the very small extension of a tensile speci-
men of steel within the elastic limit, and the large deflection
of a timber beam, and has given good satisfaction in all cases.

The apparatus was built in the Mechanicians’ shop of the
College of Engineering, and the satisfactory results obtained
with it are due in no small degree to the excellent workman-

ship of its parts.

The advantages of this form of apparatus are that it is self-
indicating, that no handling of parts is required during an
entire test, that the fine copper wires make a most convenient
connection between different parts of the specimen, and it
is adaptable to a wide range of tests.
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APPLICATION OF ELECTRICITY TO AGRICULTURE.

A. R. SAWYER, '95,
Professor of Physics and Electrical Engineering, Michigan Agricultural
College.

The writer will treat this title under the following four
heads in order to get a comprehensive view of the subject.

1st: The illumination of the farmer’s house and other
buildings.

2nd: The use of electricity in power operation on the farm.

3rd: The extension of the telephone service to the farmer.

4th: Use of electricity and electric light in assisting the
growth of vegetables.

Very little has been accomplished in the application of
electricity to agricultural operation in comparison with what
remains to be done, or compared with what it is desirable to
accomplish. Electricity has entered into every phase of our
modern life but in this particular domain it has been the slow-
est to make itself felt. Of course the reason has been that it
is difficult to apply electricity to these places and not because
of alack of a field of usefulness. To the writer it seems
very certain that much will be accomplished in the near
future.

In regard to the first use of electricity mentioned, namely,
the illumination of the farmer’s house, it is true that in the
aggregate there are many wealthy farmers who have an iso-
lated plant which generates electricity for lighting and power
purposes, for example, Ex-Vice-President Levi P. Morton'’s
residence in New York state, and others. In a previous num-
ber of the WISCONSIN ENGINEER the writer described the
plant of Jas. B. Haggin, Lexington, Ky. These, however,
are not of particular interest in this article, as these plants
were designed without regard to cost and are within the
reach of but few, and we are concerned with the examples of
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what can be done by the large proportion of our farmers.
Yet we can get many suggestions from these plants as to the
difficulties to be met in farm plants. At the present time,
one of the most serious is to get sufficiently trained help to
operate the plant.

The plant recently described in The Electrical World,
(Aug. 18, 1906,) comes nearer our needs in illustrating what
can be done along this line, as that was designed with the
intention of operating on a paying basis. It serves further
to illustrate what may be done where water power is available
near the farm, or better, if near a collection of farm houses.

This plant was designed and largely built by a young man
raised on a farm who had taken an engineering course. The
introduction of farming engineering into agricultural courses
is materially assisting in bringing about the right psycholo-
gical condition, when more of these small water power plants
for farmers’ use will be developed. There are certainly many
such opportunities just waiting for the person who knows how
to take advantage of them and whose tastes are along this
line. Almostevery graduate in the engineering course, imme-
diately on graduating, looks for employment with some com-
pany engaged in his line of work. On the other hand (in
Michigan, for example) if a young man, whose people own
considerable farm property, takes an engineering course and
his mind naturally reverts to making some use on the home
place of what he has learned, or possibly conditions at home
are such that it is necessary for him to return and take
charge of the farm, it is quite possible that he will take a
step in this direction. Such a case as this may seem rare and
extreme, but my experience the last few years has led me to
believe it is a very common occurrence.

Now, such a young man is in a stituation to look around
and take steps for developing any water power that is avail-
able for bringing an electrical current into use in the neigh-
borhood. '

Another recent development which is going to assist very
materially in making it possible for the farmer to light his
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house and buildings is the fact that companies are now formed
to develope large water power plants and tie them together
by means of high potential wires, or even tie them to steam
plants where coal is cheap. And thus our country is fast be-
ing covered by a net work of high potential wires, which of
course makes it possible for the transformer to be connected
on at almost any point. A farmer neighborhood can be or-
ganized to buy current and distribute it just as farmers organ-
ize to put up telephone lines.

In The Electrical World recently was briefly described the
efforts of the Aurora, Elgin & Chicago Railroad Co. to dis-
tribute power to farmers in the neighborhood of their road,
which is a very material step along this same line.

The third feature which is going to materially assist in this
development is the fact that colleges are now offering scien-
tific courses to prepare young men for agricultural work, or
work on the farm, and the farmer is having it called to his
attention that he must apply considerable scientific principles
in his farming. In other words, farming is approaching a
science and the farmer finds he must apply these principles if
he wishes to get the most out of his farm with the least out-
lay of labor. This, coupled with the fact that manual labor
on the farm is now very apt to be too expensive to permit of
hiring the necessary help, would tend to call the attention of
the farmer to the fact that electrical power can be used to
take the place of manual labor to a considerable degree. Of
course, under these circumstances, this is closely allied with
the second division, namely, that of the application of elec-
tricity for power purposes.

At present, it is very common to find that the farmer has
bought a five or ten horse-power gas engine and uses it to saw
wood, separate cream, make butter, cut up feed and other

such purposes, and he is finding it is also possible to have a
dynamo and battery for lighting the building, and doubtless
it will occur to him that, if the generator is of sufficient ca-
pacity, all these power operations can be performed much
better by a motor, as the application of the power need not




Application of Electricity to Agriculture. 115

be in the same building as the engine; in other words, it be-
comes a much more flexible arrangement.

Now of course when the farmer buys a gas engine and uses
a generator, it will be of a very limited capacity and he will
not likely undertake any very large power operations with
that plant, but with power available in larger quantities from
a nearby water plant, or high potential wires that go in the
neighborhood, they will readily find it not only possible but
advisable to use power on a much larger scale. Of course,
everyone naturally has in mind the uses of power for plowing
as one of the power applications of the farm. Probably most
of our readers are familiar with the fact that the traction en-
gine has been used to a considerable extent both in this
country and in Europe for plowing, and when the farmer has
power available in large quanities, it is not at all unreasona-
ble to expect a motor may be used to supplant the clumsy
traction engine. Just how the details of this will be worked
out would be foolish for the writer to undertake to state.
Such things come only through the combined efforts of an
army of people working at it as opportunity comes to them,
and it is difficult of course to predict just what form that will
take.

So, to recapitulate a trifle, it seems that since the farmer
is having his attention directed toward the application of scien-
tific principles to the farm, and since manual labor on the
farm is very expensive and the young men on the farm are
not staying, but prefer to go to the city and become motor-
men, work in a livery stable or .any place rather than stay on
the farm, and since the time is rapidly approaching now when
power in large quantities will be available, it seems certain
that this development which has long been looked forward
to is on the verge of realization.

In regard to the extension of telephone service to the
farmer, it would be a mere waste of time for me to describe
what has been accomplished along this line, as probably all
the readers of this paper are familiar with what has been ac-
complished and the development that has taken place be-
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cause of it. There is room, however, for one improvement
in this matter which is gradually coming about in the nature
of a refinement; that is in regard to the party line service.
It certainly is not desirable to have from two to fifteen
phones on a party line and have every bell ring every time
anyone on the line is called up. It not only annoys the sub-
scribers unnecessarily, but produces considerable temptation
to listen in on every possible conversation. With the advent
of the selective party line, in which only the bell of the one
called rings, and with the still further improvement which I
understand the Automatic Electric people of Chicago adver-
tise with the possibility of preventing others from listening
in, a much to be desired improvement in the telephone ser-
vice to farmers will be brought about.

The amount of space I have devoted to this question of
the telephone service is not comparable with the importance
of that service to agricultural work, but it seems to me it is
without the scope of this article to dwell on it further.

.In regard to the last division of the subject; namely, the
use of electricity and electric light in assisting the growth of
vegetables, in the aggregate a considerable has been done
along this line, although the commercial importance of it has
not been very great. Perhaps more has been done in a com-
mercial way in Europe than in America. The writer has
known of various theses and other experimental work being
done with a view to determining whether a slight current of
electricity or an electric light can be used to hasten the
growth or development of growing plants of any kind, but,
although in many cases experiments seem to indicate en-
couraging results, the writer is not aware that very much use
has been made of it in this country.
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THE INFLUENCE OF A FEW LOCAL ECONOMICAL
CONSIDERATIONS ON THE DESIGN AND EXE-
CUTION OF REINFORCED CONCRETE WORK.

RuporLprH B. HARTMAN, '01.

From time immemorial, were a competent structural archi-
tect or engineer to be given a commission to furnish designs
for any one of the thousands of types of structures called for
by the necessities of our industrial world, the solution would
invariably have been more or less directly based first, on the
requirements of the special case in hand, of which in the
United States those strictly and almost solely economical
would have generally completely overshadowed all others;
second, on an almost fixed amount of money to be expended
for the proposed structure which too often was very much
too small, especially from the designer’s point of view; third,
on the limit of time set for completion up to occupation of
the structure, which limit was and is today almost always
overrun because of unavoidable delays, unless the second item
above is made more agreeable to the designer and he is told
“Cost is no object;” fourth, on the season and weather in
which the structure is to be built, taking uncertain chances
with which has cost many a designer as well as contractor
dearly; fifth, on the local normal conditions of the building
market; and sixth, on the local special or abnormal condi-
tions of the building market.

This article will assume that a reinforced concrete struc-
ture meets all of these conditions squarely (the writer thor-
oughly believing it does) and will confine itself simply to a
discussion of some of the phases of the fifth and sixth items
just mentioned. Much might and shouid be said of items
three and four, especially of temperature on speed of erection,
and of cost of false work shoring, disregard of correct princi-
pies of which has caused many a sad lesson to designer, con-
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tractor and-owner, as well as loss of life, in some failures of
reinforced concrete work, but this article itself has its limit.

To be able to fully understand that which follows it will
be of value to have clearly before the mind some or most of
the local economical elements of reinforced concrete work;
they are, item No. 1, actual and comparative cost and grade

-

7
" .

No. 1

of sand and screenings or other substitutes for sand; No. 2,
actual and comparative cost and grade of gravel and stone
or substitutes for gravel and stone; No. 3, actual and compar-
ative cost and grade of cement; No. 4, actual and compar-
ative cost and grade of wood and iron for false work purposes;
No. 5, actual and comparative cost and grade of steel for re-
inforcement; No. 6, bearing value for soils of foundations;
No. 7, whether or not dry and damp proof structures are
wanted; No. 8, arrangement of columns as to clearance be-
tween same; No. 9, minimum and maximum head room in
structures; No. 10, minimum and maximum size of columns;
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No. 11, minimum and maximum size of girders and beams;
No. 12, outside appearance and finish of structure; No. 13,
inside appearance and finish of structure; No. 14, static load-
ing or impact or vibratory loading; No. 15, amount of load-
ing; No. 16, ratio of regular working load to capacity,
or specified working load per square foot; No. 17, whether
a practical expert and specialist or a general architect and
builder designs; No. 18, whether a specialist contractor or
general contractor or builder executes and builds under these
designs; No. 19, the amount and quality of direct supervision;
No. 20, the amount and quality of labor within reach; No.
21, the amount and quality of labor saving machinery and
tools within reach; No. 29, extent to which fireproofing is
desired; No. 23, extent to which sanitation is desired; No.
24, extent to which maintenance cost is desired avoided;
No. 25, extent to which vibration should be avoided; No. 26,
extent to which acoustic properties should be considered;
No. 27, methods for cleaning the structure for other than
sanitary purposes; No, 28, arbitrary and uneconomical de-
sires of owners; No. 29, whether or not the owners furnish
material; No. 30, whether or not the owuners furnish labor;
No. 81, whether or not the designer has control over the ex-
ecution of the work; No. 32, whether or not more than one
designer work independently on the structure; No. 38,
whether or not more than one contractor or builder work in-
dependently on the structure; No. 34, whether or not local
building laws interfere with the foregoing items, 7. e., uneco-
nomical considerations by arbitrary ordinances, whether due
to lack of bringing existing ordinances up to date, or by arbi-
trary interpretation of the ordinances by officials in charge;
ete.; ete.

With these and other consideration in mind we have under
local conditions the influence of location of the structure as to
continent, section of continent, country, section of country,
state, section of state, city, section of city and the site itself.
Of these the larger divisions as to continent and country play
a vital part only when comparing designs of such divisions
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with each other, such as those of Europe wzs. those of the
United States or those of our northern states with their cold
winters os. those of our southern states which rarely or never
feel a frost, and each of these sections with the belt of states
between them in which at times almost daily variations above
and below the freezing point of water take place (the cities
of Milwaukee and Chicago are from this standpoint far worse
situated for economical reinforced concrete work than are
Minneapolis and St. Paul, or Winnepeg, Quebec, Toronto and

No. 3

Montreal, Canada). These larger sections carry with them-
selves also all the differences as to general supply of the ma-
terials needed for a given purpose and as to the character and
cost of labor and supervision necessary to work up the same.

Proceeding now to take up the items in order it may be
stated that this article will consider purely structural features
almost solely. Under item 1, the decision in a given case as
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to the sand to be employed depends invariably on the sand
to be had. Should same be a first class structural concrete
sand then item 2 will next be considered. Should, howevcr,
the sand be of a poorer grade, 7. e., very fine or too dirty, or
the dirt of the wrong composition, or sand of too even a
run of grain, either fine or coarse, the proper allowances
would have to be made at once for depreciation of strength
of the resulting concrete made up from same. With first
class sand giving 100 per cent efficiency, passable fine sand

No. 4

might give no more than 20 per cent efficiency, and dirty
sand less than 0 per cent efficiency. The remedy in too fine
passable sand would be costly and means from 25 per cent up
to 100 per cent more cement than when first class sand is
used. Should no sand be obtainable lime stone or other
stone screenings might pass, but should never be used except
under the direction of a competent specialist or expert, and
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then only after the extra amount of cement needed to bring
the screenings up to the standard of first class sand has been
determined and is used. Screenings are often far more dele-
terious than fine sand.  Actual failures in reinforced concrete
work are traceable and have been traced to fine sand and
screenings.  The allowance of dirty sand in reinforced con-
crete work should only be possible after a competent special-
ist has passed on the same. The great range of character
and amount of dirt in sand makes it impossible to state a
fixed standard and experienced judgment only can pass on
same.

Item 2 is similar to item 1 in some ways. Again the ob-
tainable material rules. If this material be clean gravel and
of first class size, screened or unscreened, whether it be of
lime stone, granite, trap, or other base, it will be considered
first class for concrete work and given 100 per cent efficiency
rating.  While some dirt might be allowed in gravel or stone
the same as in sand, again the judgment of a specialist is im-
peratively necessary; but in general a clean gravel is far
more to be desired than is a clean sand, and only in very ex-
ceptional places and cases should dirty gravel or stone be
allowed. There is a type of gravel continually being made
at Milwaukee, consisting of blast furnace slag from the Illin-
ois Steel Co.'s plant at Bay View, being runinto Lake Michigan
(which by the way nightly forms a red hot lava stream on a
smallscale)which,throughtheresultingmilling,crushing.grind—
ing and washing action as well as aging it receives, is ranked by
the writer above any other material for concrete purposes ob-
tainable at Milwaukee. Crushed lime stone as the sole base
for concrete as far as the stone partis concerned is ranked by
the writer at no more than 75 per cent efficiency. Crushed
trap rock unquestionably ranks above lime stone, but because
of its sharp corners cannot be considered the equal of the
slag gravel mentioned above for reinforced concrete purposes,
although the writer has not used any of the trap rock. A mix-
ture of good gravel and crushed lime stone for the stone partin
concrete is ranked by the writer from 75 to 100 per cent effi-
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ciency depending on the proportions of each inthe mixture.
Should the local crushed stone be sandy, or clayey, or soft, it
could easily deteriorate the resulting concrete to 25 per cent
~ efficiency andless. One of the reasons why gravel, even though
of lime stone base, is preferable to crushed stone is because
same is unquestionably harder than a soft crushed stone
could be, since the gravel has been thoroughly submitted to
grinding and crushing actions before being deposited. As to

No. 6

conditions of good sand and poor gravel and vice versa, the lat-
ter makes a stronger and better concrete all around than the
former, this following the statement just made regarding dirt
in stone.  Substitutes for gravel and stone are poor at best.
Brick bats area poor excuse for stone unless the bats come
from a hard pressed or paving brick, which is improbable.
Yet with proper allowances they may be used. Cinders for
concrete are generally to be avoided since for strength they
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are a very poor substitute for gravel or stone. However, if
their use is neccssary they can be reliably used after being
carefully selected by an expert who controls their use, because
certain grades of cinders are totally unfit for concrete pur-
poses from a chemical standpoint. Often plain poor ashes
of no structural value whatever are used as cinders in con-
crete construction. At other times a very sulphurous cinder
is used which has in time by reason of chemical action disin-

No. 7

tegrated concrete. The San Francisco fire showed up a large
amount of cinder concrete work in its poor value, very much
of same being nothing more than dirt after the fire passed
through, and, undoubtedly, much of this was dirt before the
fire struck it.

As to item 8, a good Portland Cement thoroughly tested
before using fuldlls all the requirements structurally. Nat-
ural cements have their place even today, and the day may
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return when they will again largely be used structurally in

reinforced concrete work, but the conditions accompanying
their use are in some matters different from those affecting
Portlarid Cement, so they will not be referred to here.

As to concrete, therefore, to resume, the local supply gen-
erally will govern. If concrete, mixed 1 part Portland Ce-
ment, 2] parts sand to 4} parts gravel or stone with first
class material throughout, be given a ranking of 100 per cent

No. 8

efficiency, then local conditions will determine whether a
concrete must be mixed 1:1 1:3, 1:1 $:3 1 or 1:2:4, in order
to develop 100 per cent efficiency, or it may be entirely im-
possible to develop this 100 per cent efficiency, and so in
certain districts it would be impossible to make columns,
beams, slabs, etc., anywhere near as small in section and
area as in other districts if we adhere strictly to a standard
reinforced concete design. A good water is assumed obtain-
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able throughout this article, although bad water has often
been the cause of failures of concrete and cement work and
deserves special consideration given the subject. The judg-
ment of a specialist would be necessary if no water but bad
water be obtainable.

It should be borne in mind that, in many places and parts
of structures, concrete of efficiency 50 per cent or 75 per
cent would be more economical to use than higher grade con-

No. 9

crete, but resulting concrete sections in these cases must be
increased necessarily 100 per cent or 33% per cent in area
over the areas of 100 per cent efficiency concrete. IHowever,
a considerable change as an increase in area of concrete in
reinforced concrete work will necessitate a similar considera-
ble change or increase in the amount of steel for reinforce-
ment to be mentioned later, without compensating gain in
strength and is generally a source of greater cost of structure




Reinforced Conerete Work. 129

eventually. Best practice from the standpoint of economy re-
quires a minimum of all materials properly placed. The con-
clusion which is reached regarding sand, gravel and stone,
and cement for a reinforced concrete structure is, therefore,
easily seen to be gez a competent enginecr to pass on same
and to proportion same.

As to item No. 4, the limits of this paper do not allow of
saying much on a subject which would require an article by

No. 10

itself. However, it should be noted that from the standpoint
of economy all over the world wood for false work forms still
holds the day.

Item 5, as to steel reinforcement, is generally considered
the sum total of all reinforced concrete designing. In re-
ality, while it is very important, directly and indirectlyaffecting
the cost of a structure to perhaps two or three times its own
direct cost, it still is only a part of the design, and a designer
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may be well grounded here and yet be thoroughly unsuccess-
ful as a designer. In general the local market will be a stock
market, 7. e., all steel in the shape of round, square, or flat
bars will be obtainable at hardware dealers in certain fixed

sizes and lengths. By waiting a short time the nearest roll-
ing mill or wholesale supply house could get any sizes and
lengths to the site. Correct lengths as needed, if time al-
lows, will save very much all around in cost by allowing the

No. 11

design to approach the nearest to 100 per cent efficiency in
sizes of beams, columns, floor slabs and amounts of steel
needed in any of them. Round steel should be preferred for
various reasons. Square steel is ranked by the writer at about
75 per cent of the round steel value, considering area for
area. Flat steel in which the thickness is not more than one-
fourth of the width is ranked about 50 per cent of round
steel value. The reasons for this are mainly contained in
the phrases ‘‘Sharp corners,” ‘‘Poor grip shape” and results
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from actual tests. Deformed bars of all kinds are not only
not advocated by the writer but are considered a nuisance in
many ways. Every one of them have either sharp corners
which tend invariably to split the concrete in which they are
imbedded, or they have air and water bubble pockets which
allow a poor bond and adhesive value and form start-
ing places for rusting, or they have wasteful attachments or
projections of metal which increase the cost without compen-
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No. 12

sating increase in value of metal sections, or they have two or
all of these objections. A slight jar on any of the deformed
bars while the setting concrete is still semi-plastic produces
an entire and continuous series of no contact surfaces, as
beautifully shown in a sample on exhibition at the last Ce-
ment Users’ Convention, in Chicago, in January, this year,
even when this sample was made of extremely rich concrete.
Smooth round rods if disturbed similarly do not disturb the
semi-plastic setting concrete as to shape materially, and thus
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are not subject to this bad feature attending the use of de-
formed bars.

Tests for so called adhesion or grip in comparatively large
chunks with regard to the size of rods imbedded in same
with small length imbedded are practically worthless in judg-
ing reinforced concrete work. There is absolutely no compari-
son between five 1” rods imbedded in the lower 4 inches of an
8 x 8 beam and one }” rod imbedded in the center of an 8§ x 8

Fig. 13
chunk, and there is further no comparison whatever in the
sticking properties of these five 1" rods in a beam 10 to 15
feet long as compared with the sticking properties of one 1”
rod imbedded in the center of an 8 x 8 chunk 8 inches or even
30 inches long from which the }” rod is to be pulled. No Euro-
pean engineers today in spite of American deformed bars will
conscientiously use anything but smooth round rods except it
be to their personal interest in other matters to use something
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of a deformed variety. Reasoned from the basis of correct
principle of design they all agree on smooth round rods (it
should be noted here that the American deformed bar rein-
forced concrete engineer has had a European prototype, but
he has not been a success). Furthermore the plain rods are
always the most economical and locally especially so. If
stock steel be used a general rule in good practice is to use
10 per cent to 15 per cent more steel than where the steel is

Fig. 14
of correct length as required, and furthermore to allow suffi-
ciently for lapping bonds. In case a poorer concrete than
grade efficiency 100 per cent. is used, a good rule is to add
enough extra steel above that required in concrete of 100 per
cent efficiency to get the per cent of steel to concrete half
way up to that called for with 100 per cent efficiency con-
crete.  This naturally assumes that a proper increase in area
has been made in the poorer concrete section over that of the
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100 per cent efficiency concrete area. In beam, girder and
slab construction the steel should be placed with carrying
rods partly straight, and partly bent at ends at varying dis-
tances if possible, thoroughly cantilevered into adjacent
Spans and sufficient stirrups of round steel of correct design
added to prevent any oblique so called ‘‘sheer failure” and
to vitally increase the resistance of the structure against im-
pact and vibratory stresses. That the arrangement, spacing,
number and character of oblique reinforcement provided by
a deformed bar after the pattern in which such members are
sheered up from metal, rolled as a part of the carrying rod,
does not prevent the evil effects from impact and vibratory
stresses, which properly designed stirrups  will do, was
shown this last year »1906, in concrete failures in California,
Rochester, Milwaukee, etc. If a poor grade of concrete s
used a good rule is to add additional stirrups in per cent
equal to the per cent the concrete is below 100 per cent eff-
ciency concrete. To show the value of stirrups properly
designed and inserted, even under static loads, if all straight
carrying rods represent 100 Per cent strength under static
breaking loads, about 117 per cent represents the strength
when approximately 50 per cent of these rods are bent up at
varying distances from the ends, and about 137 per cent rep-
resents the strength with the addition of properly placed stir-
rups of correct design, as shown by tests made in 1906 at the
University of Wisconsin Laboratories, which tests will be
reported in a bulletin to be issued soon.

In all shock tests or accidents, or under vibratory loads, or
under use anywhere near the Jioured capacity of the structure,
the immense value of properly inserted stirrups of correct
design in reinforced concrete is distinctly and vitally under-
stood by European engineers.  Stirrups of proper design
lend themselves to variations in size of beams and number of
carrying rods, as well as to the additional duties of support-
ing these while placing concrete, and of tying beams into
slabs, besides their value as oblique rupture preventatives and
shock resisters to such an extent that they really form the
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most economical part of what is called the standard Euro-
pean reinforced concrete construction today. With slight
modifications facilitating their use under American labor con-
ditions, the writer has incorporated same into his own system
of construction which he consequently calls a perfected Euro-
pean system, one which has almost fifty years of experi-
mental data to substantiate its claims ‘‘to be standard” as
against the thousand and one latter day abortions continually
being thrown on the market, especially the American market,
which do not even have the right to claim originality and are
foisted upon the public as panaceas for all the ills of rein-
forced concrete construction. In all column and wall construc-
tion continuity of reinforcement should be provided. High
carbon steel should only be used in very exceptional cases,
and in 95 percent of cases where it might be advocated at first
thought, mature reflection will convince the designer that he
should have stuck to his soft or medium steel. High carbon
steel in reinforced concrete is of no more value than in struc-
tural shaped steel, although the identical reasons do not
apply. Steel should never be worked higher under con-
tinuous static loads than 12,000 pounds per square inch of
carrying rods area. The suspension idea should not in any
shape or manner be embodied in reinforced concrete design.
It is a delusion and a snare and was thoroughly exploded in
France, the rest of Europe and even in this country by the
cable and wire systems. Most wire systems are suspension
systems (if anywhere near economical) and are failures al-
ways if so used. If wire systems are used they compare
directly with rod systems, but are of no greater value than the
area of metal they furnish over the area furnished by the rod
system. However, if they do this, since wires per pound cost
more than rods per pound, they prove themselves to be un-
economical compared to rod systems.

A new phase of the suspension idea in a slightly different
dress is being worked out under the so-called “‘Mushroom-
System” advocated for economy in false work construction
mainly, but this economy is certainly very debatable and in
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the writer's opinion a falacy in a purely reinforced concrete
building. In buildings with very heavy outside masonry
walls it has its greatest right to this claim, but this type of
construction as to entire building is uneconomical in itself.
Besides, shrinkage stresses, eccentric loads, use of structure
up to anywhere near its capacity, unsymmetrical floor panels,
outside floor panels, opznings in floor, differential pier settle-

ments, etc., all play havoc with the mushroon construction.
In 1900 at Paris, the French prototype of the mushroom Sys-
tem received its death blow by demonstrating its fundamental
weaknesses by a big failure.

The above rules allow economically a high percentage of
reinforcement or of steel in concrete, which in turn allows
the nearest approach to 100 per cent efficiency in combined
design and the minimizing of concrete material and labor,
especially under working loads, because steel should be stressed
low under working loads. This minimizing as stated above
spells economy.

With the above remarks on reinforcing and local influence of
same reciprocally on concrete in the saving of cement, sand,
gravel and labor, and with adherence to the above rules freshly
in mind, an application to item 6 will illustrate the value of
same a little more clearly. On good soil, structurally, the foun-
dation problem is solved with little trouble. On poor soil a
“float foundation” of reinforced concrete properly reinforced
and provided with stirrups properly placed and of correct de-
sign adapts itself locally at once. There is only one possible
objection to same, and that is in such places where eventually
within the life of the structure the soil around the same is exca-
vated below the bottom level of the float foundation. FEven
then a retaining wall built below the float foundation at the
time of excavation will serve to continue indefinitely the value
of this float foundation. 1In a// other cases of any magnitude
whatever the reinforced concrete float foundation is the solu-
tion and saves dollar upon dollar as against piling.  Without
stirrups a correctly designed float foundation is economically
impossible, and little or no saving as compared to piling re-
sults.
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Items 7, 8 and 9 can be passed by for the present article.

Item 10 demands that if concrete of 100 per cent efficiency
in columns be used and worked at 600 pounds to 650 pounds per
square inch, that, for concrete in a location where it can be
made economically of only 50 per cent efficiency, 300 pounds
per square inch working load be used. A good rule in columns
is to make all columns from 2 to 4 inches wider when crushed
stone is used as against hazel-nut gravel. The reason is
obvious to all who have tried to make sound reinforced con-
crete columns out of crushed stone. If normal lime stone
screenings with normal mixture of concrete are used, the 800
pounds per square inch should be the working stress, especially
if there is any speed at all in the erection of the structure.
Similar deductions apply to beams and girders, item 11, ex-
cept the working stresses be changed to 750 pounds per square
inch or 850 pounds per square inch for 100 per cent efficiency
concrete.  For both items 10 and 11, if stock steel be used
and spliced or lapped joints occur, add two to four inches to
sizes of 100 per cent efficiency concrete and further addition
for concrete of lower efficiency, according to the percentage
said concrete is below 100 per cent efficiency concrete.

If outside appearance is of considerable importance, item
12, cover up the concrete work entirely with a veneer of
some kind, or allow simply a few beams as belt courses to
appear. For the cheaper grades of structures, as mills and
shops, etc., it is more economical to allow all beams and col-
umns to so appear.

For inside appearance, item 13, if contraction cracks are
unsightly, wait until they appear before plastering or finish-
ing. This will generally include as long a wait as possible until
the concrete in the structure is thoroughly dried out. Tt is
far preferable to allow contraction cracks to come than to try
and attempt to stop all of them by wasteful reinforcing. The
day has gone by when such cracks frighten anybody at all

familiar with reinforced concrete construction. However, a
competent engineer and specialist should pass judgment as to
whether or not any cracks in Juestion are contraction cracks
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or not, and as to whether the reinforcement in the structure
has been so placed that these contraction cracks do not affect
the strength of the structure. In the writer’s opinion the
appearance of certain contraction cracks are a source of
satisfaction and give rise to adjustments in the structure
which are thereby definitely determined and which in-
crease the security of the construction. Reinforced con-
crete work makes a better appearance unfinished, except a
little painting, than plastered, if it is plastered too fresh.
Also in reinforced concrete construction it should be remem-
bered that here as in all things, but especially here, ‘‘haste
makes waste.”

Item 14, on kind of loading, would require a paper in
itself. Let it suffice to say that stirrups, or some equivalent
of stirrups (which equivalent the writer does not know or can-
not see) are necessary for all loadings other than static loading,
and even here in static loading as stated before a big increase
in strength is noticed. Deformed bars are an absolute fallacy
as a vibratory and shock resisting medium. One of the best
representative reinforced concrete engineers of the east, a
man of reputation, experience and judgment and a user of a
deformed rod stated a short time ago in a prominent publica-
tion that in those floors where he had no transverse reinforce-
ment, if said floors were subjected to actual working loads
near the calculated working load, that diagonal failure gradu-
ally took place. This statement explains the erroneous po-
sition of another deformed bar construction company when
they show pictures in their catalogue of a by them called
“failure of smooth bars” in a floor built for heavy working
loads. The writer ventures the opinion that the same failure
will take place in the same way by using said company's own
deformed bar, provided said deformed bars are placed exactly
in the same way and of exactly the same weight as the
smooth bars are placed and worked under identical condi-
tions. Europe, and lately this country, are full of examples
of smooth round steel reinforced floors and bridges bearing

up under severe vibratory and shock loadings. IHowever, it
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should be remembered that, impact and shock stresses being
about twice as dangerous in any construction as static stres-
ses, the steel should be calculated never to be worked much
higher than one-half the static limit. If this is lived up to
no fatlures from shock or impact stresses can or will take
place. The catalogue mentioned above does not show a fail-
ure of steel in its picture reproduced there, but a failure of
concrete.  Stirrups have saved building after building from
tumbling all together because of their shock resisting power.
The examples are legion in Europe.

The specified loading, item 15, should be partly based on
the kind of loading and, therefore, same becomes an economic
factor of vital importance. It should also thoroughly consider
the fact brought out in item 16.

In thisitem 16, an element enters into design which is gen-
erally taken advantage of by unscrupulous designers and
builders (it is too bad that such are at times engaged on
responsible work).  Specifications should state especially, if
the designer himself is not the builder, the per cent of speci-
fied loading, same being generally in pounds per square foot
on floor area, which should go to slabs, beams, girders, col-
umns, etc. This item consequently becomes of very great
economic value, and invariably local conditions govern the
same.

Under item 17 we face the question, **Can an expert or
specialist earn his own cost to an owner?” In all conservative
safe business dealings the concensus of opinion on this ques-
tion would answer same at once by saying, ‘‘Why, certainly,”
In the writer’s opinion in reinforced concrete work the effi-
cient, and, therefore, thoroughly practical specialist can al-
ways affect a saving to the owner of at the very least ten per
cent of the value of the structure besides his own pay. This
will depend, however, on the grade of execution of his de-
sign said specialist can expect from those who are to carry
out his plans. If the specialist is also the contractor and
builder the maximum saviug is reached. However, a farther

saving will result when we change over to another method o f
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building, and that is, when the specialist works either for a
percentage of cost or a fixed commission, this last being the
best and most economical way of them all. It is understood,
of course, that the structure in question fulfills all the re-
quirements of the owner indefinitely, said requirements being
those which the specialist agrees to fulfill. A general archi-
tect or builder must needs hire a specialist if economical re-
sults are to follow his efforts, but in this case invariably the
specialist is hampered by such architects and builders, and the
maximum of economy is frustrated. A general architect or
builder who has no first class specialist in reinforced concrete
work may possibly put up a building ckeaper than a specialist
can, but the result is bound to be a poor, unsatisfactory job
which cannot very long be worked up anywhere near its ca-
pacity or its first value, as against a thoroughly useful and
workable structure, good indefinitely, built by a specialist.
Furthermore a general architect and builder is bound to have
very often small and large failures accompanying his erection
as against no failures whatever for the real specialist. The
strengths of the two resulting products can hardly be com-
pared, nor can their uniformity of strength be compared. A
general architect and builder will allow far more unskilled
help to dictate what is to be used and done than would a
specialist, who would dictate himself. The vital personal
difference is that the general architect and builder feels little
or no responsibility and believes it good policy to shift the
little he does feel as part of a general good fellowship plan,
while the specialist thoroughly feels and knows his reputation
is at stake, and lives up to his convictions.

A specialist contractor, item 18, is far preferable to the
general contractor for the same reasons. The benefits de-
rived from the general contractor would be best conserved
in building a reinforced concrete structure if the specialist
contractor should also do the general contracting work, which
would amount to saying that that type of general contractor
who learned contracting as a specialist reinforced concrete

contractor would be the solution for the best economical re-
sults in reinforced concrete construction.
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As to direct supervision enforced, item 19, this is generally
a farce in America, unless specialists control. Herein lies the
greatest and vital difference between European and American
work. The writer knows of one structure going up at the
present time which is practically under the sole responsibility,
in actual fact, of one man, and that man receiving less than
$5.00 a day and being nothing more than a foreman of less
than three years experience in the work for which he is re-
sponsible.  In this case the owners either do not know
they are playing with fire or they are fool-hardy enough to
take their very uncertain chances with a very uncertain wind-
up to their venture. Similarly situated propositions have
proved unsatisfactory failures and have killed working men.
The workmen or laboring men are practically the same in
Europe as in America, facts for which will be presented
shortly. In fact, the writer thoroughly believes American
foremen can get more work out of their men than European
foremen ever would dream of getting. This is simply as to
“hustling the men,” but the American foreman is a thor-
oughly discontented creature; he must be ‘‘either the whole
thing” himself, or he waxes extremely independent the min-
ute his pay is advanced (which generally is more or less of a
necessity in our growing, expanding communities, whether
his work deservesit or not) and, thinking himselfindispensable,
he becomes inefficient, lax, and thoughtless, and, to his great
astonishment, is suddenly “fired.” This astonishment is so
great and he has so little analytical power that he repeats
the same action the next time, if there should be a next time.
Or in this land of promise and ambitious fulfilment, if he be
really in a way efficient and smart in his position, he invaria-
bly sets up in business for himself, after which, generally prov-
ing himself unsuccessful, he is, however, no longer a working
man and generally has ruined himself for good as an efficient
man on reinforced concrete work because he has learned too
little of some things and too much of other things for his
own good. The practice of general contractors and builders
to get hold of a foreman trained by a specialist and then
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to give him ‘‘carte blanche” sometimes results in a temporary
economy to the general contractor and possibly the owner,
but eventually results in the complete discomfiture of the
general contractor and greater discomfiture of the owner.
The general contractor and builder forgot to take the special-
ist who trained said foreman along with the foreman. A
competent specialist should control at al/ times! All other
ways of building reinforced concrete structure are extremely
dangerous.

As to the quality of labor, item 20, it makes very little differ-
ence where the structure isto be built, as far as concrete la-
borers are concerned and as long as a sufficient number of
such laborers can be obtained. Figures 1 and 2 show the
brothers and fathers of our Italian friends on railroad work
in this country, and yet this picture was taken by the writer
in southern Germany on a very important reinforced concrete
job. Fig. 3 shows a Parisian type of laboring man in
primitive garb. Fig. 4 also shows Parisian workmen. Figs.
5 and 6 show Viennese workmen and work women. Fig.
7 shows Swiss workmen. Figures 8 and 9 show Berlin work-
men and Figure 10 shows Manchester workmen. On this
English job shown in the last picture, amounting to $625,-
000.00 in cost, a French foreman, who could not speak Eng-
lish, was in charge! And yet no accidents of any kind came
from this system, but the French foreman was under French
specialists, thus proving the contention of the writer that it is
the speeialist who guards the safety and economy of de-
sign and erection, forinno way other than by the use of this
French foreman could the specialists keep absolute control of
the structure in the process of erection. The labor question
as to quality is the same abroad as here. However, the cheap-

ness of Luropean labor in the provinces and small towns al-
lows of less attention to the labor item of cost, yet in Ber-
lin, Paris and London, labor is about the same in price as in
Chicago and Milwaukee. The fact that counts is that direct
control must be¢ in the specialist himself, if economy and re-
liability shall result. The foreman must know thoroughly
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and feel that the specialist is in direct control if trustworthy
work is done. As to the false work workers, they, being gen-
erally carpenters, are governed mainly by the well understood
conditions surrounding these mechanics in all places and thus
need not be mentioned here, Furthermore, since union con-
ditions govern these to some extent, the influence of organized
labor has up to the present been exerted, in any telling way
whatever, only on the carpenter part of reinforced concrete
work.

Regarding concrete machinery, item 21, Americans are far
ahead of Europeans, as they generally are when labor saving
machinery is needed. Economy demands quick work in as
large units as possible. Wheelbarrows or rather carts in
America are lately being manufactured to carry six cubic feet
of “sloppy concrete” which, with the weight of the cart itself
amounts to half a ton handled by one man, and this half a ton
is handled with less work than it took formerly to wheel three
to four hundred pounds of sand or gravel by the ancient
standard wheelbarrow. Difficulty is met with by the con-
tractor in transferring men from wheeling these carts to
wheeling sand and gravel with the regular wheelbarrow,
although the man in question handles only one-third the
weight in the latter case as compared with the former. Good
concrete mixers increase the output of concrete five and ten
times over the maximum possible with hand mixing and it is
far better mixed concrete and it is in shape to be far more
economically handled. The writer would say in this connec-
tion that batch mixers only should be allowed to mix rein-
forced concrete work. Hoists to accommodate the changed
conditions are continually being built and improved upon.
To contrast American methods of mixing, handling and
hoisting concrete with European methods turn to Figure 11,
a German mixing outfit from Berlin, the city which has grown
even faster than Chicago, to Figure 12, an Austrian outfit
from Vienna, to Figure 13, a French outfit from Paris, one
and a half times as large a city as Chicago, or to Figure 14,
an English outfit from Manchester. These are mixing affairs
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and are used on very large and important work and are rep-
resentatives of the countries in which they were taken. Also,
see the Berlin hoist, Figure 15, the Viennese hoist, Figure 186,
the Paris hoist, Figure 17, and the English derrick bucket
hoist, Figure 18, the latter consisting of a self movable locomo-
tive and derrick with a simple old fashioned cylindrical bucket,
unfortunately not shown in the picture, which had to be
reversed to empty same. It should be stated, however, that
this, the only attempt at modern machinery seen by the
writer in a tour in 1903, whose object was especially to study
reinforced concrete construction, was of a French make. Mo
local conditions should possibly interfere with the require-
ments of first class machinery if the proposed reinforced con-
crete construction has any magnitude whatever. Here at
least standardization can be had.

This article will pass by items 22 to 28, although here also
whole papers might be presented.

Under item 29, when the owner furnishes material the
writer believes a great source of evil and an uneconomical
condition in reinforced concrete work is found. This evil is
one which cannot entirely be eradicated, even if the owner
has the help of a competent specialist, unless the specialist is
given entire ‘‘carte blanche,” which is improbable; however,
with the addition of furnishing of labor, item 30, and paying
the specialist, who in this case designs and builds, a per-
centage or a fixed price for his work, the ideal and thoroughly
practical form of building is presented. In this latter case
satisfaction to all results, the desideratum of all good people.
This last is also by far the most economical to both the owner
and specialist and is receiving the commendation and growth
as well as recognition it deserves. It may be abused, but
never by a thoroughly reliable and reputable as well as con-
ciencious specialist. Local conditions are by this method
entirely under the control of one competent specialist. The
owner is safe guarded and the specialist is safe guarded, it be-

ing necessary that both should so be taken care of. The only
known way an owner can attempt to get a cheaper structure
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for a given purpose than by this method is to give the work
to an incompetent contractor who is forced to lose money
through his incompetency at figuring; but in reinforced con-
crete work this incompetency is invariably accompanied with
incompetency to build, which is invariably accompanied, con-
sequently, by poor, weak and unsatisfactory work, as well as
disastrous failures, proving such a proceeding to be a boom-
erang to the owner.

Items 31, 82 and 33 are conditions which invariably cavse
loss to all concerned and should by all means be avoided in
reinforced concrete work. They are unquestionably the
faults of meddling owners who imagine they know another’s
business better than they do their own, but who also pay
dearly for their imagination. In this case it is right that
they should pay, but the losses to others concerned cannot
be equalized. The writer would warn all specialists to steer
clear of all such owners, as they will most assuredly get the
worst of it, but if this avoidance is impossible, to be abso-
lutely certain that responsibility for bad conditions resulting,
and even for loss of life should a failure result, is placed
where such responsibility belongs.

Item 34 need hardly be touched here, although it contains
food for much pertinent inquiry.

There is, therefore, really and rightly a special set of laws
or rules to be followed by each locality in our country, our
section of country, our city and our particular site, and for
particular circumstances in the solution of a structural prob-
lem in reinforced concrete, if we are to arrive at thoroughly
reliable, as well as economical results. These must be pains-
takingly worked out, as far as practical, by each locality;
and after sufficient trial adopted and incorporated into local
building ordinances or practices; always, however, securing
to builders the rights for the introduction of new methods
and the use of new materials in a conservative way in some
manner similar to those of the New York and Philadelphia
building codes. Because of these many complex considera-
tions surrounding reinforced concrete building it is practically
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impossible to get any one set of laws and rules to govern all
situations, and therefore, here as in all things, mature ripe
judgment to plan and design, coupled with the energy of
youth to carry out rigidly and with economy this plan and
design, form the basic elements to success and are and must
remain the foundation stones upon which the success of a re-
inforced concrete designer and builder must rest. But the
necessity ot years of training in the knowledge of the mate-
tials he uses, the talent and even genius to fashion the same
into the ever new and varying forms demanded of him, and
above all a full and thorough realization of the true economic
value of the items considered in this paper, with many sim-
ilar unmentioned items, and with power to apply all these are
essentially vital to him who would be a reinforced concrete
engineer. Such an engineer truly must be reinforced in the
complex ways he attains and be concrete in the simple way

he gives!
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THE TECHNICAL GRADUATE AND THE MANU-
FACTURING COMPANY.

Mr. Chas. F. Scott, consulting engineer of the Westing-
house Electric & Manufacturing company, addressed the en-
gineering students on the afternoon of November 9th on
“The Relations of the Technical Graduate to the Large
Manufacturing Company.” Mr. Scott described in an infor-
mal talk many of the operations of a company, such as the
one with which he is connected, pointing out the departments
and the kinds of work in which technically trained men are
engaged, and discussed the qualifications which are valuable
and essential in such positions. He then suggested several
ways in which the training in college could be made more ef-
fective in preparing for subsequent activities.

In his opening remarks he referred to the rapid changes
which are taking place at the present time.

The changes which have occurred in the life-time of the
young men present surpass in many features those which have
occurred during many centuries. The rate of progress, more-
over, is an accelerating rate. The value of the manufactured
products of the United States has doubled in less than twenty
years.

This is significant of a new order of things.

Engineering is not only the basis of this material change,
but it is also the underlying condition which has brought
about the new political and economic and social evolution.

These facts are well known. They have come to be re-
garded as almost commonplace. It is important, however,
that we realize their significance in order that we may
better understand the present tendencies and anticipate the
qualifications which the future engineer should possess.

Two institutions have grown up within the past few years,
with which we are very intimately concerned. These are the
technical school and the large manufacturing company.
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In engineering education the ideals, the methods and the
facilities are all new. The engineering graduate is a new
product. He is a new factor in the world’s work.

Educational methods are not fixed and definite. They are
vastly different from those of a generation ago, and I appre-
hend that the engineering educational methods of the near
future may be quite different from those of today.

Closely related to this development in engineering educa-
tion is that of the manufacturing company. In electrical en-
gineering, in particular, the growth of the school and of the
industry have had a close relationship. Each has been, to a
greater or less degree, dependent upon and aided by the
other.

In the days of our fathers, manufacturing was carried on in
a small way, usually one man was at the head of a given
business, personally familiar with and directing its various
departments. He devised processes, directed the manufac-
ture and was his own sales agent. Modern manufacturing,
however, is of a different kind. The various functions for-
merly performed by one man require the co-operation of
many men in a single organization. Each is an expert and
altogether they act as a powerful unit.

Thus, co-operation—or the corporation—has become the
modern method. It is the method, moreover, by which
modern engineering is conducted. Enterprises, except those
which are small or of a particular kind, cannot be conducted
by a single individual. The co-laboration of many men is
required for larger undertakings. Hence, the necessity of
the engineer being able to work efficiently with others.

The large electrical manufacturing company is typical of
modern manufacturing and business methods. It may be
noted that the products of the electric companies, which
are now produced in values exceeding a hundred million dol-
lars a year, would have had no market, as they would have
been practically useless, thirty years ago.

The work of these companies, in general, is broad in its
scope; it includes invention, development, design, manu-
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facture and erection, as well as the sales and financial depart-
ments. To carry on this work, such companies are divided
into many departments.

Technical men find their field in those departments which
are concerned with engineering, either directly or indirectly,
and, furthermore, the engineering training is found in many
cases to be an excellent preparation for those engaged in
more purely executive work.

There was an oldtime idea that the theoretically trained
young man was completely equipped for doing engineering
work and that he was at fault if he was not immediately pre-
pared to produce efficient results. This view, however, is
based upon several misconceptions. First of all is the rela-
tion between knowledge and experience. One may know
his theory and his formulae, but engineering problems are
not abstract—they are concrete. They deal not merely with
forces, but with materials. One must know the constants of
his materials and the uses of the products. These come
from experience.

The designer of apparatus must not only know the theo-
retical principles which are involved, but he must know the
various qualities, electrical and mechanical, of the various
materials which he must use. He must be familiar with the
methods of using these materials and the manufacturing
facilities which will insure cheap and rapid production. He
must be familiar with the conditions of service, so that he
may design apparatus which will not only meet reliably the
electrical and mechanical requirements of normal operation,
but which will safely withstand the emergency conditions
which are liable to arise. His apparatus must be adapted to
the class of men who will use it. It must work properly with
the other apparatus in the system in which it is to be placed.
It must, in short, meet commercial conditions in a manner
which will prove acceptable to those who purchase it. A gain
of a per cent in efficiency or in regulation is of minor conse-
quence if a machine has bad bearings which overheat. It
follows, therefore, that even the designer, he who has prob-
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ably more to do with theory than those in other depart-
ments, has to be familiar with many other points besides his
theory. LExperience, creative imagination, foresight as to
the effects of new combinations and new forms, good judg-
ment, integrity, not only with people but in dealing with
facts, tact and the ability to get along comfortably and effi-
ciently with other people, together with a goodly measure of
all-around common sense, are qualities which must supplement
the knowledge of formulae in order to effect the best results.

Those who are engaged in testing departments, in inspec-
tion, in erection, as well as in the various departments of
commercial engineering and sales, require in a large measure
the same breadth of view and qualities which have just been
enumerated.

The manufacturing companies have recognized that the man
immediately from college requires a further training. He
needs experience, a new point of view. Engineering ap-
prenticeship courses are therefore arranged, in which he may
gain familiarity with manufacturing and testing operations
and also what is of scarcely less importance, an immediate
knowledge and acquaintance with the working together of
many men in a great organization.

Young men in college are devoting their energies to prepa-
ration for their life work. It behooves them to expend their
efforts as efficiently as is possible. They will do well first of
all to learn fundamental principles, to gain theory, not merely
in the abstract, but, through their laboratory work, to gain a
concrete physical understanding of these principles. A
knowledge of specific things, such as particular kinds of appa-
ratus or the characteristics of special materials used in manu-
facturing processes, are of less consequence. Practice
changes; principles do not.

The student must not emphasize knowledge as distinguished
from training. Training, which enables him to use his
knowledge, is of first consequence. The man who is trained
in observation, whose logical and reasoning powers are alert,

who is able thereby to efficiently apply the knowledge which
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he has, will probably be much more effective and successful
than his companion who may know more but can do less. A
skillful workman with poor tools can accomplish more than a
mediocre workman with the best of tools. Many of those
who select college graduates look for the successful leaders in
student organizations rather than those who head their classes.
The man who combines both kinds of leadership gives es-
pecial promise.

Many students do not get this broader view of their work.
They do not apply engineering methods to themselves. Each
man may well consider himself as a machine, as something
with which to produce results. He should study how he may
produce the best results with the least effort. Many are al-
ready quite proficient insofar as the ‘‘least effort” is con-
cerned. The real problem, however, is with reasonable
effort to produce maximum output. It is probable that some
who have seemingly expended but little effort have learned
to work with greater efficiency than the plodders who have
received better classroom reports but with a vastly greater
expenditure of effort. The man who has learned to handle
himself and to work efficiently has a vast advantage when he
does apply himself. This is one reason why college grades
do not give a true indication of future careers.

If students can take this larger, broader and more serious
view of their work, giving attention to the understanding of
principles rather than the knowledge of facts, and recognizing
that training in the use of their powers is of scarcely less im-
portance than the acquisition of these powers, then the col-

lege graduate will become a more successful man both from
his own standpoint and that of usefulness to others.
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A PRODUCER GAS INSTALLATION IN THE
MECHANICAL LABORATORY.

Pror. A. W. RICHTER, ’89.

A little more than one hundred years ago, the immortal
Watt and a few associates were struggling with problems
resulting in the development of the modern type of the
steam engine. In the face of these great achievements, we
sometimes forget the important work accomplished by one of
Watt's workmen in that other great field of power production,
namely, the development of the gas industry. James Mur-
dock, Watt’s most trusted foreman, was the first to success-
fully manufacture coal gas for commercial purposes, and
finally succeeded in lighting his home and offices with the
new light. In 1802 the front of the Soho Manufacturing
establishment was brilliantly illuminated with gas, the occa-
sion being the general illumination in celebration of the
Peace of Amiens.

Since the early beginnings scientists and others have been
continuously at work in an attempt to utilize gas for power
purposes, but nothing of importance was accomplished until
the Otto engine was placed upon the market, since which
comparatively recent date improvements have been continu-
ous. During the past few years, much attention has been
paid to the utilization of producer gas in the production of
power, and, in the course of development, we have now en-
tered the producer gas age.

The University of Wisconsin has just installed two types
of producers which are to be operated in connection with a
producer gas engine. These producers will be used for in-

structional purposes as well as for investigation. Many
problems relating to producer gas derived from different fuels
remain to be solved, and some of these are under considera-
tion at the present time. The apparatus will also be used
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for the instruction of students, who will be taught the manip-
ulation of the apparatus, and who will also determine the
cost of operation as compared to other methods of power
production.

The thermal efficiency of the producer is about 85 per
cent. This high efficiency, together with the high thermal
efficiency of the gas engine, when compared with the older
steam engine, permits an enormous saving in the fuel supply
of the world.

Since the producer with its producer gas engine will de-
liver a horse power hour with the consumption of about one
pound of coal, and since the steam engine usually consumes
from three to eight pounds of coal per horse power hour in
order to produce the ‘same results, it can at once be seen that
the saving which will accompany the introduction of the gas
producer will be enormous, a very important matter in the
economical use of our fuel supply.

Eventually we may see producers in general use and using
every available fuel from the city garbage and other refuse to
anthracite coal. The importance of the subject cannot be
over-estimated. The fuel question and the question of avail-
able fuel supply is of prime importance. Though scientists
may differ as to the amount of available coal, certain it is
that, at the present rate consumption, the supply will be ex-
hausted in a comparatively short time.

The gas producer is a means of retarding this enormous
use of coal and extending the time when the natural fuel
supply of the world will be exhausted.

The accompanying figures show one of the installations in
the Mechanical Laboratory of the University. A, Fig. 1, is
the producer proper. It is cylindrical, lined with fire brick.
Near the bottom is a grate with an ash bin underneath. Near
the top of the producer is a shallow vessel filled with water
and so situated that the hot gases coming from the fuel bed
pass around it and vaporize the water. Bis a coal hopper
for the introduction of the fuel. I is an air fan which is
operated by hand when starting the producer. The scrubber,
C, is filled with coke.




L
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The operation of the producer is as follows: Immediately
above the grate there will be a bed of ash and above this ash
zone there is maintained a deep bed of highly incandescent
fuel.  Air entering at D D passes over the surface of the
heated water, carrying the water vapor with it to the grate.
When this air comes in contact with the highly heated car-
bon, the oxygen of the air combines with it and forms car-
bonic acid, which gas in passing through the upper layers of
highly heated fuel takes on more carbon, resulting in the
final formation of carbonic oxide, which is a combustible gas.
When the carbon unites with’ the oxygen of the air, forming
the carbonic oxide as spoken of above, heat is liberated and
is used to decompose the steam carried by the air. This de-
composition results in the formation of hydrogen and oxygen;
the oxygen coming in contact with the highly incandescent
fuel forms an additional amount of carbonic oxide in the man-
ner mentioned above. The hydrogen is thus allowed to pass
off as such with the other gases. This gas now passes to
the bottom of the scrubber, and, in passing to the top of the

scrubber, it is met by water which has been sprayed upon
coke. The gas is thus washed, cooling it and removing the
tar, ash and other injurious matter, making it suitable for
engine use.

The combustible portion of producer gas thus consists of
carbonic oxide and hydrogen and usually a very small per-
centage of hydrocarbons. ~ As these combustibles are mixed
with the large percentage of nitrogen present in the entering
air and also a small percentage of free oxygen and carbonic
acid, the heating value is low, usually from 125 to 150 Brit-
ish Thermal Units per cubic foot. Following is the composi-
tion of a sample of producer gas which was produced from a
hard coal.

CO,— 4.9%
O — 0.6%
CO —20.2%
CH,— 0.5%
H —18.6%
N —55.2%
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Gas and air is drawn into the engine cylinder by the engine
itself, is here compressed and then ignited by an eclectric
spark. The engine is of the single cylinder throttling type,
of twenty-one horse power capacity. Its operation is simi-
lar to that of other gas engines. A higher compression
is carried in the cylinder, due to the lean nature of the gas.
Since the engine draws the air through the producer, as re-
quired for its operation, it is evident that the gas is produced
as required by the engine, and its formation consequently
stops when the engine stops, eliminating large ‘‘stand by”
losses.

In Fig. 2 can be seen one of the several gas engines located
in the Mechanical Laboratory, permitting an extended study
of the subject. At the present time the department is inves-
tigating methods of drying wet fuels, making them available
for producer and other uses.
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IRON MINING IN THE BIRMINGHAM DISTRICT.

EpwIN M. BALL, Asst., Eng. Corps, Mining Dept., Tenn. Coal, Iron &
R. R. Co.

In the vicinity of Birmingham, Alabama, in what is known
as Red Mountain, are found the Clinton or Red Ores, the
most important iron ores in the state of Alabama. It is the
purpose of this paper to briefly outline the present methods
of mining deposits of this ore by the different companies, but
more especially the Tennessee Coal and Iron Company. This
company is the largest operator in the district, whose mines
are ably managed and splendidly equipped with modern
machinery.

The Clinton Ores are Hematites and belong to the Clinton
formation of the Silurian. They outcrop principally on the
crest of Red Mountain and dip towards the southeast at
angles varying from five to thirty-five degrees, the dip in-
creasing as one goes toward the southwest. The seams now
worked vary from three to twenty feet in thickness. There
are two varieties of Clinton ore, soft red ore and hard red
ore. In general the soft ores extend from the outcrops for a
distance of about three hundred feet on the dip. This soft
ore has at one time had practically the same chemical com-
position as the present hard ores. This soft ore is the hard
ore with the lime removed by the action of circulating waters.
Its average chemical composition is as follows: Silica or in-
soluble matter 27 per cent; metallic iron 46 per cent; water
7 per cent; phosphorus 0.30 per cent to 0.40 per cent and
a little lime. The hard ore is sometimes found at the out-

crop, but most frequently it lies under a heavy covering, and
is the continuation of the soft ore in the direction of the dip.
The hard ores contain a greater percentage of lime than the
soft ores, and are poorer in iron as a consequence. The
average chemical composition of hard ore is as follows: Silica




Tron Mining in the Birmingham District. 163

13.4 per cent; metallic iron 37 per cent; lime 16.20 per cent;
alumina 8.18 per cent; phosphorus 37 per cent; sulphur .07
per cent; carbonic acid 12.24 per cent; water 0.50 per cent.

The ore body occurs between a foot and hanging wall of
slate. There are two seams of ore separated by a thin part-
ing of shale. The two seams occur at the northeast end of
the district, but at the southwest end, near Bessemer, Ala-
bama, the upper seam alone exists. At this point it has a
greater thickness than at any other portion of the district.
The lower seam in general is high in silica, and is not gener-
ally used for iron making. Where the ore outcrops, the sur-
face burden has been removed and the ore is mined from
open-cut workings. The general method is to load it by
hand into tram cars, which are lowered and dumped into rail-
road cars. Where the surface burden is thick the ore is
mined from slopes sunk on the dip of the vein, and generally
at right angles to the strike. The slopes are driven large
enough to give nine feet by ten feet in the clear. Headings
are turned on both sides at right angles to the slope every
fifty-five feet, measured on the slope. Where the slope
passes through the soft ore, it is well timbered, as the slate
roof can not be held by other means. After the hard ore is
reached very little timbering is required. In sinking the
slope, the general procedure is to drive beneath the ore a dis-
tance of nine feet, leaving the ore as the roof or hanging
wall. This permits of the headings being driven in the ore
and gives sufficient height at the slope for a tippledump. The
headings are driven twenty feet wide to a distance of seventy-
five feet from the slope; at this point a man-way or upset is
made to the heading above. From this point on, the head-
ings are carried thirty feet wide. At convenient points, up-
sets are made to the heading above for the purpose of venti-
lation. The headings are generally driven to a distance
1,200 feet each side of the slope; when driven to this
point, the twenty-five foot pillar remaining between this head-
ing and the hecading above is taken out, or robbed, as locally
termed. The headings nearest the mouth of the slope are
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the first ones to be robbed, thus the robbing continues back,
step fashion, from the face of the headings toward the slope.
It will be seen that by this method the robbing in the lower
headings is slightly behind that in the upper headings. As
the pillars are robbed the hanging wall is allowed to cave, all
pillars being removed with the exception of the sixty-foot
slope pillar, which is allowed to remain as long as the slope
is in active operation. In mining soft ore by underground
methods no air drills are required, holes for blasting being
readily put in by means of augers or hand drills. In the
hard ore No. 3 Rand drills are used. The ore is blasted with
40 per cent dynamite. It is then loaded by hand into steel-
end dumping tram cars of two tons capacity. The ore is
then run by gravity over a track laid with thirty-pound rails
to the tipple at the slope. The empty cars are brought back
to the face of the heading by mules. The ore is dumped

from the tram cars into a twelve-ton skip. This skip travels
on a track of five-foot gauge laid with sixty-pound rails, and

is end-dumping, the door being closed by the bail. The skip
is then hoisted to the surface and the rear end elevated; this
raises the bail, allowing the door to open and the ore to dis-
charge into a pocket. This method of dumping the skip is
entirely automatic. The ore is drawn from the pocket to a
No. 8 L. Gates gyratory crusher. After being crushed to a
size approximating five inches it is allowed to pass into rail-
road cars standing on the railroad track at the tipple. In
order to insure safety to miners and mules man-ways are
driven on a 50 per cent grade at each slope to the back of
the mountain. Underground pumping is done by means of
steam pumps operated with compressed air.

The surface equipment consists of boiler houses, engine
houses, machine shops, carpenter and blacksmith shops, in
fact everything required for cheap and successful operation.
The hoists are 30x 60 inches Nordberg and Webster Camp
and Lane first motion Corliss engines. These hoists are
equipped with twelve foot drums, grooved for a 1§-inch steel
rope. Compressed air is furnished at sixty pounds pressure
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for air drills and pumps by a 22-inch and 36 x 48-inch du-
plex Nordberg two stage Corliss air compressor. Boilers
used for furnishing power are 72 x 18-inches return tubular
type. Coal from company mines is used as fuel and complete
combustion is obtained by the Parson’s system. The boiler
houses are of steel construction, and the shops and engine
houses are of brick. The tipple at the surface is of frame
construction set on concrete piers. The crushers rest on
concrete foundations of sufficient height to permit of running
the ore into railroad cars by gravity.

The labor employed in the mines is both white and negro.
They are a happy, care-free lot of men; make good wages
and seem well content with their lot in life.

In conclusion, it is well to state, that the Tennesse Coal &
Iron Company’s mines are so equipped as to give a large out-
put at a very low cost per ton.
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EDITORIAL.

THERE are no words adequate to express the deep regret
felt by the faculty and students of the College of Engineering
on account of the resignation of Prof. D. C. Jackson. In
losing him we lose one of our strong men, the next to the

oldest in seniority of appointment on our faculty, and one
who has built up the Electrical Department from practically
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nothing to the place it now holds in this college and the rank
it has attained among other schools. When Prof. Jackson
came to Madison, fifteen and one-half years ago, the Elec-
trical Department occupied a small corner of the basement of
Science Hall. The equipment was small, the facilities for
instruction were inadequate, and men to teach the different
preliminary branches were lacking. Prof. Jackson took hold
of the work, systematized it, taught some of the elementary
branches himself, wrote lectures and delivered them on the
subjects which were not treated in any text-book, and by the
hardest of hard work on his own part put the Electrical De-
partment on a firm foundation. Since then, under his lead-
ership, the department has grown rapidly, in fact, much
more rapidly than any other department, and now holds a
place in the front rank of engineering schools.

Prof. Jackson has been more than the teacher, he has tried
to make himself the personal friend of every student with
whom he has come in touch. He has always been ready to
advise a man, both on the theoretical and the practical side
of the questions which arise. His wide experience in both
lines makes his suggestions doubly valuable, and many an
alumnus has cause to remember with gratitude the advice re-
ceived during his senior year and at graduation time.

However, we are not the ones to wish to hold Prof. Jack-
son here when the opportunity for his advancement comes.
What is our loss is another's gain, and we congratulate the
Massachusetts Institute of Technology on being able to secure
so able a man for the head of their Department of Electrical
Engineering.

Our best wishes for his continued success will go with Prof.
Jackson, and we shall follow his future career with the great-
est interest,

THE Senior Engineers, believing that variety is the spice
of life, have decided to have an innovation this year and
will therefore produce a high class vaudeville entertainment
sometime this spring. This takes the place of the minstrel




168 The Wisconsin Engineer.

show which has been given for several years past. Great en-
thusiasm is being shown and a rousing success is already as-
sured. J. D. Sargent has been appointed General Chairman,
and the work is being pushed rapidly. Anyone who has un-
known talent along this line, and who is too modest to see
the management about it himself, should have his friends call
the matter to the attention of the committee. There is a
great demand for places, but only the best performers are
wanted, and every one should makea try for the cast.

THE Engineering faculty are planning a series of talks for
the under-classmen, these talks to be given by the various
members of the faculty as opportunity offers during the com-
ing months. The purpose of this movement is to give the
members of the lower classes an opportunity to learn some-
thing about what an engineer really is, what responsibilities
are put upon him and what problems he is very likely to be
called upon to solve. It isa sad fact that too many of the young
men who start in as students in some one of the engineering
courses have no conception of what it really means to be a
first class engineer. To a great many the word merely calls
to mind the man who rides in the locomotive cab, to others
comes the thought of the man in greasy overalls who has
charge of the construction work in some large manufacturing
plant. They do not seem to think of the man behind all
these things, the man who is working with his brain rather
than his hands, the man who is the real engineer. It is about
this man that Dean Turneaure and the other members of the
faculty wish to speak to the students, and every freshman and
sophomore should make it a point not to miss any of these
talks.

ON Thursday evening, Dec. 13th, the Senior Engineers
held a smoker at Keeley's Hall. The purpose of this event
was to give the Seniors an opportunity to become better ac-
quainted among themselves, and also to have them meet the
Faculty on some footing other than that of the classroom.
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Some one hundred, including a majority of the Engineering
faculty, were there, and every one reported a good time.
Plans were talked over for the vaudeville entertainment, and
speeches were made booming this and also encouraging good
fellowship among the members of '07.

WE are in receipt of the first issue of ZVe Engineering
Quarterly, a magazine which the students of the University
of Missouri have launched into the stream of engineering
publications. This first issue contains a number of excellent
articles, and, if the standard is maintained, there is no doubt
but that the success of the magazine will be assured.

THE ENGINEFR extends congratulations to the editorial
staff of The Engineering Quarterly for the favorable impres-
sion made by their first issue, and our best wishes go with
them for continued prosperity.
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ALUMNI NOTES.

E. B. Schildhauer, '97, formerly Chief Draftsman of the
Chicago Edison Co., has been appointed Electrical Engineer
in charge of the electrical apparatus for the Panama Canal,
with headquarters at Washington, D. C.

Mr. E. S. Moles, '05, was married during the holidays to
Miss Ora Mason, and is now at home at 301 Murray St.,
Madison, Wis.

Mr. E. L. Williamson, '00, is now with the Riverside
Trust Co., at Riverside, Cal.

W. P. Hirschberg, '01, formerly with the Cambria Steel
Co., is now with the Indiana Steel Co., at Gary, Ind.

M. R. Bump, '02, has left the Denver Gas & Electric Co.,
and is now with Henry L. Doherty at 60 Wall St., New York
City.

G. H. Haley, '05, is now leveler on the New York State
Barge Canal, with headquarters at 62 Philips St., Albany,
N. Y.

W. B. Alexander, '97, has been promoted from Asst. Mas-
ter Mechanic to Asst. Division Engineer of the C. M. & St.
P. Ry

E. L. Barber, '04, has taken a position as instructor in
Electrical Engineering at Washington University, St. Louis,
Mo.

P. A. Bertram, '95, is now General Manager of the Jeffer-
son City Light & Power Co. at Jefferson City, Mo.

P. A. Biefield, ’94, who has been teaching in Germany, is
now Professor of Mathematics at Buchel College, Akron,
Ohio.

P. S. Biegler, '05, has given up his position as draftsman
with the Chicago Edison Co., and is now an instructor in
Electrical Engineering at the lowa State College, Ames, lowa.

W. M. Brennan, '94, is now located at Owen, Wis., and
is Division Engineer of the O. & N. Ry.
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F. W. Buerstatte, ’01, is now with the Whiting Foundry
Equipment Co., at Chicago Heights, III.

W. C. Burdick, '03, is now Civil Engineer with the Falk
Manufacturing Co., Milwaukee, Wis.

G. H. Burgess, 95, is now Assistant Engineer with the
Erie Ry., and is located at 12 James St., Montclair, N. Y.

B. E. Buttles, '00, is now with the Denver Gas & Electric
Co., at Denver, Col.

J. 5. Carey, '88, is now in Chicago, with the United Box
& Paper Co.

C. M. Cole, '02, is located at Goshen, N. Y., with the
New York State Engineering Department.

R. T. Craigo, '05, has gone from St. Joseph, Mo., to Den-
ver, Col., where he has a position with the Denver Gas &
Electric Co.

H. R. Crandall, 98, has severed his connection with the
Hendee-Bamford-Crandall Co. and is now in the Engineer-
ing Department of the Wisconsin Telephone Co., at Milwau-
kee.

McClellan Dodge, '84, has gone from Eau Claire, Wis., to
Mangham, La., where he is President and Engineer of the
Richland Centre Lumber Co.

C. C. Douglas, '08, is now located at 4203 Maryland St.,
St. Louis, Mo.

E. A. Ekern, 03, is now in the Engincering Department
of the Telluride Power Co., at Provo, Utah.

E. T. Eriksen, 89, is now Civil Engineer of the Sanitary
Department of Chicago.

E. J. Fisher has left the U. S. R. S., and is now with the
D. L. & W. Ry., at Hoboken, N. ].

F. W. Fratt, '82, is now Chief Engineer of the M. K. &
T. Terminal Co., at Kansas City, Mo.

J. H. Friend, '03, is now Engineer of the Electric Light
and Gas Co. of Mobile, Ala.

J. C. Gapen, '03, is now Chief Inspector of the North
Shore Electric Co., with headquarters at Qak Park, Ill.

L. W. Golder, ’95, is now Secretary of the Metal Special-
ties Mfg. Co., of Chicago.
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B. W. James, '97, has located at Seattle, Wash., as an
Electrical and Mechanical Engineer.

R. T. Logeman, '99, is now Chief Draftsman in the Bridge
Dept. of the G. N. Ry., and is located at St. Paul.

W. R. Mott, '03, is now an Electro-Chemical Engineer at
Niagara Falls, N. Y.

E. B. Mueller, '08, is now Asst. Engineer of the Tacoma
Light and Power Co. at Tacoma, Wash.

W. C. Parmley, ’87, has opened offices as a Consulting
Engineer in New York City.

W. J. Richards, '93, is now Electrical Engineer of the
Allis—Chalmers Co. at Norwood, Ohio.

A. B. Saunders, '02, is now at L.os Angeles, Cal. as Engi-
neer with the Pacific Electric Co.

H. H. Scott, ’96, is now located at 60 Wall St., New York
City, with Henry L. Doherty.

S. T. Smith, ’00, is now at Los Angeles, Cal. in the real
estate business.

W. F. Tubesing, '05, is now with the Ferro Concrete Con-
struction Co. at Cincinnati, Ohio.

S. G. Van Ness, '96, is now Manager of the Merchants’
Light and Power Co., Memphis, Tenn.

M. T. Warner, '95, is now Enginecer of the Repair Dept.,
National Elevator Co., New York City.

[.. B. Weed, '00, is now Superintendent of the Sunrise
Mines at Sunrise, Wyoming.

The engagement of Miss Mabel Davidson, daughter of
Gov. Davidson and Mr. Frederick C. Inbush, ’06, of Milwau-
kee has been announced, the wedding to take place April 2d.

On Friday, Jan. 27, '07, Miss Jessie Morse and Mr. Forbes
Cronk, '05, were married at Madison, Wis. Mr. Cronk is
located at Coleraine, Minn.
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BOOK REVIEWS.

Boiler Waters, by William Wallace Christie. D. Van
Nostrand Co. 1906. 8vo. cloth, illustrated, $3.

This book is devoted primarily to a discussion of the im-
purities existing in feed water, the results which follow, and
various methods of reducing or eliminating the troubles
which they cause. The first chapter is devoted to the analy-
sis of waters, including the results of many tests, with de-
scriptions of testing apparatus, chemicals needed and meth-
ods of making tests for many of the impurities. Chapters on
boiler scale and corrosion follow, and include many exhibits,
with discussions on remarkable cases. A chapter on feed
and blow-off pipes devotes considerable attention to methods
of blowing off and of making feed connections. The causes
of priming and foaming are next taken up, and the results of
the latest study and experiments given. A chapter on the
hardness of water completes the first three-quarters of the
book. The last chapters are devoted to feed water heaters,
economizers and water softening plants, In this part of the
text the principal types are explained in detail, paying par-
ticular attention to water softening plants and the results
which have followed their installation. Tables of Factors of
Evaporation, Properties of Steam, etc., with an index, com-
plete the text. The editing of material taken from so many
different sources and authorities has been quite a difficult
task, and in a measure has interfered with the arrangement.
It is, however, a most valuable contribution to boiler litera-
ture, and covers the subject-matter in a most satisfactory
manner,

Practical Alternating Currents and Power Transmission,
by Newton Harrison, Hendenberg Publishing Company,
1906. TIllustrated.

The author has added another book to those already writ-
ten which mainly interests those who have not sufficient
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mathematical training to enable them to make use of many
of the text-books on alternating currents previously pub-
lished.

Many of the definitions and explanations given seem un-
necessarily involved. The numerous diagrams, however, aid
materially in the aim to give the reader a good physical con-
ception of alternating current phenomena. Proper physical
conceptions must form the foundation before mathematics are
useful in the further refinements of the art.

From this point of view, coupled with the fact that the
book seems quite well up to date, Mr. Harrison's work may
be commended as a worthy addition to the elementary books
upon this subject.

Electric Wiring and Construction Tables, by Horstman &
Tousley. F. J. Drake & Company. 1906. $1.50.

The above is the title of a new hand-book, intended pri-
marily for wiring contractors and others who require data in
convenient form on interior wiring. Considerable space is
devoted to wiring charts, covering most of the conditions of
voltage, frequency, power factor, etc., which arise in prac-
tice. These charts will no doubt be of use to many, particu-
larly those who have not had sufficient theoretical training
to deduce these results for themselves. There is, however,
always much likelihood of a misuse of such tables unless one
understands the derivation of such data.

The diagrams of standard cross-sections of iron conduits
would seem to be not the least useful information contained
in the book. The data on outside diameters of insulated
wires and other data of a similar nature, which are not usu-
ally gathered together in any one hand-book, make it a use-
ful addition to one’s list of reference books relating to this

line of work.
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ALUMNI DIRECTORY.

We are publishing below a new alumni directory, which
has received a great number of additions and corrections
since the last directory was published. Anyone knowing of
further additions or changes is requested to send them to
the alumni editor. Addresses which are uncertain are pre-
ceded by an asterisk (¥%).

Abbott, Clarence E., B. S. M. B, '01; C. 1., 05, Hazel Green, Wis.,
Mine Supt.

Adams, W. K., B. S. E. K., '03, Fort Pierre, South Dakota.

Adams, B. C., B. 8. E. E., '03, 1010 Grant St., Madison, Wis., Madison
Gas and Electric Co.

Adams, B. ., B. 8. M. E., 02, 37th and Rockwell Sts., Chicago, Ill.,
Art Bedstead Co.

Adamson, Wm. H., B. 8. C. E., '86, 927 24th Ave., S. Seattle, Wash.,
Draftsman. =

Ahara, Edwin H., B. 8. C. E., '92; M. E., '96, Mishawaka, Ind., Supt.,
Dodge Mfg. Co. ’

Ahara, George V., B. 8. M. &, '95, 1020 Oak St., Beloit, Wis., Asst.
Supt. Testing Dept., Fairbanks, Morse & Co.

Ahara, Theo. H., B. 8. M. [, "00, Williamspovt, Pa., Draftsman, Will-
iamsport Staple Co.

Albers, John F., B. 8. C. E., "7; C. E., '8, Antigo, Wis.

Alexander, Walter B., B. S. M. L., *07, Milwaukee, Wis., Asst. Division
Iingineer, C. M. & St. P. Ry.

Allen, Andrew B., B. S. C. k., '91; C. 5., 97, 5535 Washington Ave.,
Chicago, I11., 1127 Monadnock Bldg., Contracting Kngineer, Wis.
Bridge & Iron Co.

Allen, John 8., B. 5. E. 5., '97, Beloit. Wis., Mgr., Beloit Electric Light

Co.
Allen, M. E., B. 8. C. E., 06, Lafayette, Ind., Inst. in C. IZ., Purdue Uni-
versity.

Almond, Fred C., B. 8. 5. ., 04, Clear Lake, 8. D.

Alverson, Harry B., B. S. . T., *93, 40 Court St., Buffalo, N. Y., Supt.,
Cataract Power & Conduit Co.

Anderson, A. E., B. 8. M. E., '03, Elvins, Mo., Asst. Elect. Eng., St.
Joseph Lead Co.

Anderson, Gustav A., B. S. M. K., 02, 367 Jackson Blvd., Chicago, 111,
Draftsman, McCormick Works, Int. Harvester Co.

Andrews, A. W., B. 8. C. E., '05, Lincoln, Neb., care of L. S. P. Weeks.

Anger, B. F., B. S. M. E., ’03, 330 20th St., Milwaukee, Wis.
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Arms, Richard M., B. S. E. ., '94, Chicago, Ill. Seattle Klec. Light &
Power Co.,

Aston, James B., B. S. I, ., '98, 1042 National Ave., Milwaukee, Wis.,
with Thomas Aston & Son, Founders.

Austin, W. A., B. S. M. E., '99, 838 Marquette Bldg., Chicago, Ill.,
lirecting Engineer, Under-Feed Stoker Co. of America.

Bachelder, C. H., B. 8. M. ., 01, R. F. D. No. 18 Mt. Pleasant, Tenn.,
lingr. Tennessee Cooperage Co.

Baehr, Wm. A., B. 8. C. E., '94, St. Louis, Mo., Engr., La Clede Gas Co.

Bailey, H. 12, B.S. E. K., '03, 353 S. Broadway, Los Angeles, Cal., Engr.

Baleh, L. R., B. S. C. L., '05, Washington, D. C., U, S. R. S.

Baldwin, Geo. W., B. 8, C. E., ’83, Crete, Neb., Lumber Dealer.

Balsom, A. P., B. 8. B. ., 06, Chicago, I11., Chicago Telephone Co.

Bamford, F. Ii., B. 8. M, K., '87, Manila, I?, L., Capt. 28th Infantry, U.
S, A

Barber, Iidw. T., B. S. E. K., ’04, St. Louis, Mo., Inst. Washington Uni-
versity.

Barnes, Chas. B., B. S. M. E., '00, 360 E. 62d St., Chicago, Ill., Mech.
Engr., with Holabird & Roche, Architects.

Bare, J. M., B. S. M. L., '99, 260 Shady Ave., Pittsburgh, Pa., Engineer-
ing Dept., Westinghouse Lllec. Co.

Bassett, Henry S., C. K., '71, Preston, Minn., Lawyer.

Bates, W. ., B. 8. C. E., '06, Hibbings, Minn., Oliver Iron Mining Co.

Baus, Richard E., B. S. M. E., '00, Pittsburg, Pa., Engr., Western
[lee. Co.

Barkhausen, Louis H., B. S. M. E., 01, Racine, Wis., Asst. Foreman,
J. 1. Case T. M. Co.

Bebb, K. C., B. 8. C. L., 96, Glendive, Mont., Engr., U. S. R. S.

Beebe, M. C., B. 8. Il. K., ’97, Madison, Wis., Associate Prof. of Elee.
Engr., U. of W.

Belling, J. W., B. S. . K., 03, Schenectady, N. Y., General Elec-
trie Co.

Benedict, W. J., B. 5. M. I, '04, Joliet, Ill., American MeKenna Pro-
cess Co.

Bennett, C. W., B. S, M. E., '92, Flwood, Ind., Dist. Mgr., Am. Tin
Plate Co.

Benson, F. H., B. S. C. I5,, '91, New Insurance Bldg., Milwaukee, Wis.,
Insurance Agent.

*Bently, . W., B. S. M. L&, '98, 1563 La Salle St., Chicago, Ill.,Prin.
Manual Training Department, Association College.

Berg, John, B. S, C. K., ’05, Ames, lowa, Inst. Civil Engr., lowa State
College.

Bergenthal, V. W., B. S. E. 1., '97, 3963 McPherson Ave., St. Louis,
Mo., Sales Mgr., Wagner Elee. Mfg. Co., 2017 Locust St.

Bertke, W. A., B. S. E. E., '06, Denver, Col., Apprentice, Denver Gas
& Electric Co.

Bertke, W. J., B. S. K. L., 03, Kansas City, Mo., Asst. Mgr., Union Gas
Imp. Co.
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Bertrand, P. A., B. S. K. K., '95, Jefferson City, Mo., Gen. Mgr. Jefter-
son City Light & Power Co.

Berry, Claude, B. 8. C. E., '01, 631 Monadock Bldg., San Francisco,
Cal., Struct. Engr., Minn. Steel and Meh. Co., San Francisco
office.

Biefield, P. A., B. S. . E., 94, Akron, O., Prof. of Mathematics, Bu-
chel College.

Biegler, P. S., B. S.IE. E., '05, Ames, Towa, [nst. in Electric lKngineer-
ing, Towa State College.

Biersach, Rudolph, B. S. M. I, '06, 265 10th St., Milwaukee, Wis.

Bingham, J. I, B. 8. E. E., 04, Hoboken, N. J., D. L. & W. R. R.

Bird, H. S., B. 8. C. I, '94, New York City, N. Y., Lawyer.

Blaine, J. R. S., B. 8. M. E., 05, Milwaukee, Wis., Draftsman, with
Pawling & Harnishfeger.

Bleser, A. J., B. 8. G. I, '04, Cripple Creek, Colo., Mining Engr.

Bliss, W. 8., B. S. M. &, ’80, 558 Main St., Fond du Lae, Wis.

Blood, F. H., B. S. E. E., '03, Kenosha, Wis.

Blossey, A. F., B. 8. M. E., '05, St. Louis, Mo., with La Clede Gas
Light Co.

Boardman, H. B., B. 8. E. L., 93, Chicago, Ill., with Salesmanship
Magazine.

Boardman, H. P., B. S. ¢. E., '94, Chicago, 111, with Fitz Simmons &
Connell Co., Contractors.

Bohan, W. J., B. S. E. E., '95, St. Paul, Minn., Elec. Engr., General
Offices, N. P. Ry.

Boldenweck, . W., B. S. M. E., 02, 27 Stratford Pl Chicago, Il1l.,
Engr. Dept., Western Elec. Co.

Boley, C. U., B. 8. C. &, 83 C. E., '90, Sheboygan, Wis., City Engr.
and Chairman Board of Public Works.

Bolles, I J., B. 8. . E., 05, 923 Sycamore St., Milwaukee, Wis., with
Wisconsin Tel. Co.

Boone, Chas., B. S. T. E., '05, 1314 Wolfram St., Chicago, I11., Chicago
Telephone Co.

Boorse, J. M., B. S. E. I, '95, 825 Park Ave., Omaha, Neb.

Borchert, Ernst, Jr., B. S. G. B., '05, Schenectady, N. Y., General
Eleetric Co.

Bossert, C. P., B. 8. M. I, ’88, 179 36th St., Milwaukee, Wis., Pfister &
Vogel Leather Co.

Boynton, C. W., B. 8. M. E., 98, Sedro-Woolley, Skagit Co., Wash.

Boynton, J. E., B. 8. M. K,, '05, 467 Jackson Blvd., Chicago, I1l., West-
ern Elec. Co.

Brace, J. H., B. 8. C. E., '92, 345 E. 33rd St., New York City, Resident
Engr., Penn., N. Y. & L. 1. Ry.

Bradford, William, B. 8. . 2., 04, 1435 N St., Lincoln, Neb., Exp. Dept.,
Lincoln G. & E. Co.

Bradish, G. P., B. 8. C. E., 76; C. E., "78, 717 Cass St., La Crosse, Wis.,
Civil Engr.

Bradley, W. I, B. 8. C. I, 78, Fort Henry Club, Wheeling, W. Va.,
Engr., Nat. Tube Co., U. S. Steel Corp.
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Bradshaw, J. W., B. S, K. ., 06, Chicago, Operating Dept., Chicago
Telephone Co.

Brandt, H. W., B. 8. C. k., ‘03, Railway Exchange Bldg., Chiecago, I11.,
C. & A. liy

Brennan, B. ., B. 8. C. K., 05, 115 . Clay St., Danville, T11., Indiana
Harbor Ry.

Brennan, W. M., B. S, C. ., 94, Owen, Wis., Division Engr., 0. & N.
Railway.

Brenton, C. K., B. 8. I. B., 05, St. Louis, Mo., Union Light &
Power Co.

Brobst, J. E., B. S. E. E., '03, Schenectady, N. Y., Gen. Elec. Co.

Broenniman, A, E., B. 8. C. E., 97, Watertown, Wis., Civil Engr.

Brown, G. W., B. 8. C. K., ‘B6; C. E., 90, Dry Tortugas, Fla., Civil
Engr., U. S. Naval Station.

Brown, L. R., B. S. L. E., 703, Schneetady, N. Y., Gen. Elee. Co.

Brown, P. F., B. 8. C. E., 97, Oakland, Cal., City [ngr.

Brown, S. L., B. S. M. ., 89, Oil Ex. Bldg., Bakersfield, Cal., Supt.,
Pacifiec Smelting Co.

Brown, T\ R., B. 8. C. B., 795, Box L., N. Milwaukee, Wis., Wis. Bridge
& Iron Co.

Brown, Wm. E., B. 8. C. E., ’05, 4 Toledo Ave., Elmhurst, Long Island,
N. Y., Rodman, E. River Tunnel, P, N. Y. & T.. I. Ry.

Buchanan, J. W., B. 8. C. K., '06, Madison, Wis.

Buerstate, . W., B. S. M. E., '01, Chicago Heights, 111., Whiting
Foundry Equipment Co.

Buckley, W. J.. B. S. L. E., 799, Milwaukee, Wis., Smith Conerete Mixer
Co., 607 Merrill Bldg, Milwaukee.

Bull, K. H., B. S. G. I%., '05, Brooklyn, N. Y., with Johns-Manvile Co.

Bump, M. R., B. S. E. It 02, 60 Wall St., New York City, care of
Henry T.. Doherty & Co.

Burdick, W. C., B. S. C. E., '03, 1015 Sycamore St., Milwaukee, Wis.,
Civil Iingr. The Falk Company.

Burgess, C. F., B. 8. 1. L., ‘95, Madison, Wis., Prof. of Applied Electro
Chemistry, U. of Wisconsin.

Burgess, G. H., B. 8. C. 1., %95, 12 JTames St., Montelair, N. Y., Assistant
Engr. Krie Ry., 26 Courtland St., N. Y.

Burke, T. 7., B. S. €. I, ‘05, Buffalo, N. Y., M. of W. Dept., rie Ry.

Burkholder, C. 1., B. S. 1. k., 96, Schenectady, N. Y., Gen. Elec. Co.

Burns, J. P., B. 8. C. I5., '04, 35 Gotham St., Watertown, N. Y., Drafts-
man, Krie Canal Tmp.

Burns, T.. A, B. S. C.. E., '05, Bostable Bldg., Syracuse, N. Y., Leveler,
State Barge Canal.

Burling, B. B., B. 8. Ch. K., *06, Depew, N. Y., Gould Storage Battery
Co.

Burling, T.. D., B. 8. G. K., '05, Washington, D. C., U. 8, G. S.

Burnet, . S., B. 8. M. k., '05, Madison, Wis., Grad. Scholar.

Burton, W. C., B. 8. . E., 93, 22 A, College Hill, Cannon St., London,
Eng., Elee. Engr., J. G. White & Co., Ttd.
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Bush, J. I, B. S. G. E, 06, Racine, Wis., J. I. Case T. M. Co.

Buttles, B. E., B. S. E. E., 700, Denver, Col., Denver Gas & Electriec Co.

Byers, V. C,,B. S. Ii. K., '06, New York City, J. G. White & Co., 56
Wall St.

Cadby, J. N.,, B. S. E. L., '03, 451 Broadway, Milwaukee, Wis., Chief
Draftsman, T. M. F. R. & T.. C'o.

Cade, O. B., B. S. E. E., '06, Chicago, Ill.,, Woods Electric Vehicle Co.

Cahoon, O. B, B. S. M. E&., '04, T.a Crosse, Wis., Supt. Wis. Light &
Power Co.

Calvin, C. J., B. 8. C. I&., 06, Hibbings, Minn., Oliver Iron Mining Co.

Campbell, B., B. S. C. K., '98, Center, Col., Irrigation Kngr.

Carey, J. L., B. 8. M. I5., 88, 5305 Washington Blvd., Chicago, United
Box and Paper Co.

Carlsen, C. J., B. 8. M. ., '96, 279 Keystone Ave., River Forest, [ll.,
Ilect. Engr., Chicago Telephone Co.

Carpenter, C. G., B. 8. C. ., '82, City Hall, Milwaukee, Wis., Landscape
Architeet and Supt. of Parks.

Carter, B. B., B. 8. M. I, '83, 1644 Monadnock Bldg., Chicago, Ill., Con-
sulting Engr.

Carter, C. K., B. 5. L. L., '04, Madison, Wis., -Madison Gas & Electrie
Co.

Carter, P. J., B. S. C. E,, 04, Beaumont, Tex., Engr. Dept., Atchison,
Topeka & Santa Fe Ry.

Casserley, J. F., B. S. E. E., 03, 403 W. Washington Ave., Madison,
Wis., Wis. Tel. Co.

Caverno, X., B. 8. M. Ii, 90, Kewaunee, Ill., Pres. and Gen. Mgr., Ke-
waunee Light & Power Co.
Chamberlain, F. A., B. 8. E. E., '04, 7T Willow St., Brooklyn, N. Y.,
Engr., with Henry L. Doherty, 60 Wall St., New York city.
Cheney, S. W., B. S. M. E., '04, Lincoln, Neb., Lincoln Gas & Electrie
Co.

Clausen, Leon R., B. S. Il 1., '97, Milwaukee, Wis., Chief Signal Engr.,
C. M. & St. P. Ry.

Cochran, R. B., B. S. M. ., '97, St. James Park, Rochester, N. Y.,
Vice-President and Supt., Cochrane Bldg Co.

Cole, C. M., B. 8. M. L., '02, Goshen, N. Y., New York State Eng. Dept.

Cole, H. W., B. 5. M. ., '02, Milwaukee, Wis., Erecting Engr., Allis-
Chalmers Co.

Colby, L. W., B. S. C. ., "1, Beatrice, Neb., Lawyer.

Comstoek, N., B. S. M. K., ’97, Washington, D. C., U. S. Patent Office.

Connor, S. P., B. 8. C. E.,, '99, New York, N. Y., Contractor, Fuller
Bldg.

Connolly, P. H., B. 3. C. &, '85, Racine, Wis., City Engr.

Conover, A. D., B. 8. C. k., "14; C. ., "75; 161 W. Gilman St., Madison,
Wis., Member State Board of Control.

Conrad, N. J., B. 8. . ., 05, Chicago, Tll., Operating Dept., Chicago
[Edison Co.
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Conradson, C. M., B. 8. M. K., 83; M. E., '85, 156 Fifth Ave., New
York, N. Y., American Turret Lathe Co. and Fureka Bottle &
Glass Grinding Machine Co,

Conway, W. M., B. 8. C. E., '06, New York City, Instrumentman, N, Y.,
Penn. & Long Island R. R. (2 Toledo Ave., Elmhurst, T.. I.)

Cook, T. R., B. 5. M. E., '00, 815 Broadway, Fort Wayne, Ind., Motive
Power Inspector, Penn. Lines west of Pittsburg.

Coon, R. J., B. 8. C. K., 05, Plainfield, Wis,

Coombs, E. C., B. S. C. I, '97, 93 Dearborn Ave., Chicago, T11.

Cooper, A. 5., B. 8. C. L., '81; C. E., ’83, Savannah, Ga., U. S. Asst.
Engr. in charge Savannah Harbor and River.

Cornish, R. C., B. 8. C. K., '97, 182 Wisconsin St., Milwaukee, Wis.,
Engr. Milwaukee Gas Light Co.

Cowie, H. J., B. 8. C. I, 03, Niagara Falls, South Ontario, Canada,
Asst. Engr., Ontario Const. Co.

Craigo, R. T\, B. 8. G. L&, '05, Denver, Col., Denver Gas & Electric Co.

Crandall, H. R., B. S. M. L., '98, 180 23d St., Milwaukee, Wis., Engr.
Dept, Wisconsin Telephone Co.

rane, I&. W., B. 8. E. I, '95, Orizaba, Mexico, Supt., Power Trans-
mission Plant.

Cronk, F. B., B. 8. C. E., 05, Coleraine, Minn., Oliver Mining Co.

Jrowell, R., . E., '96, Sacramento, Cal., Asst. Elec. Engr., Sacramento
Gas & Ry. Co.

Crumpton, W. J., B. S. . ., '04, 724 Foster St., Evanston, Ill., North
Shore Elee. Co.

Curtis, N. I, 1B. 8. C. T, '04, 333 West Washington Ave., Madison,
Wis.

Davidson, J. A., B. S. C. E., '04, Chicago, 11l., West. Elec. Co.

*Davidson, P. E., B. 8. K. E., '06, Chicago, Apprentice, Western Electric
Co.

Davis, R. I, B. 8. G. E., 06, Butte, Mont., with Pittsburg-Montana
Copper Co.

Dean, C. T.., B. S. M. 15, 01, 917 South 10th St., Lineoln, Neb., Instruc-
tor in Engr., Univ. of Neb.

Dean, G. C., B. 8. M. E., '03, Eau Claire, Wis., Phoenix Mig. Co.

Dean, J. 8., B. 8. M. E., '03, 1062 Leland Ave., Chicago, I1l.

DeLay, F. A., B. 8. E. K., '02, Houghton, Mich., Instructor Mich. Sehool
of Mines,

Delgado, A., B. S. E. E., 06, Scheneetady, N. Y., Testing Dept., Gen-
eral FEleetric Co.

Delgado, A. Ii., B. S. E. I, '06, Schenectady, N. Y., Testing Dept., Gen
eral Electric Co.

Derge, M. L., B. 8. E. E., 06, Lincoln, Neb., Lincoln Gas & Electric Co.

Dessert, H. ., B. S. M. L., '04, Mosinee, Wis.

Dixon, . B., B. 8. C. E., ’97, Point Loma, Cal., Horticulturist.

Dixon, J. E., B. S. M. E., 00, 11 Broadway, N. Y., Representative, Sales
Dept., Am. Loe. Co., Asst. Mgr., Atlantic Equipment Co.

Dodge, Jos., B. 8. M. E., &84, 707 Woman’s Temple, Chicago, Ill., West-~
ern Agent, J. R. Kein & Co.
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Dodge, McClellan, B. S. C. E., '84, Mangham, La., Engineer and Presi-
dent, Riehland Lumbe1 Co.

Dorner, ¥. ., B. 8. M. E., ‘05, Milwaukee, Wis., Draftsman, Turbine
Dept Alhs Chamlmers Co.

Douglass, C. C., B. 8. M. E., 03, 4203 Maryland Ave., St. Louis Mo.

*Dousman, J. H., B. S. C. &., '84, 73 3lst St., Milwaukee, Wis., Civil
IEngr., General Practice.

*Dow, H. W., B. 8. M. L., "02, Ames, Iowa, Asst. Prof. of Machine De-
sign, lowa State College. Home, Milwaukee, Wis.

Duffy, W. F., B. 8.C. E., '84, Montgomery, La., Civil Engineer Private
Practice.
Dunlap, G. L., B. 8. G. E., '06, New York City, Instrumentman, N, Y.
Penn. & Long Islcmd R. R. (2 Toledo Ave., Elmhurst, T.. I)
Dutcher, J. E., B. S. &, E., '97, Chicago, I11., Electrician, with Chicago
Edison LO.

Earle, R. R., B. S. E. E., *02, Home, Darlington, Wis.

*Earll, C. I, B. 8. M. E., '85, 76 Williams St. y New York City, Consult-
ing ’\{[eph Engr. and Expert in Patent C;.tsbs

Ehreke G. W. :R., B. 8. E. K., 02, 917 State St., Schenectady, N. Y.
Testing I)ept Gen. Elec. Co.

Ehrenbeck, A. D., B. 8. C. It., ‘02, Seattls, Washington, Draftsman, City
Hall.

Ekern, E. A, B. S. E. E., 03, Provo, Utah, Engr. Teluride Power Co.

Ela, E. 8., B.S. C. E., 96, Washington, D. C., Engr., U. S. R. S.

Elliott, H. 8., B. 8. E. E., *03, Madis on, Wis., Instructor in Elec. Engr.
U. of W.

Elmore, S. E., B. 8. E. K., '06, Pittsburg, Penn., Westinghouse Machine
Co.

Elvis, G. H., B. S. \I [£., '04, St. Louis, Mo., La Clede Gas Co.

Emerson, F M., B. 8. C. B, '00, 59 30th St., Mllwa.ukco, Wis., Contract-
ing Sa.lcsmzm Am Bridge Co.

Erbach, W.L., B. 8. M. L., '93, Athens, Wie., Supt. Rietbrock Land &
Lumber Co.

Erwin, O. R.,, B. S. E. E., *04, 173 25th St., Milwaukee, Wis., Erwin &
‘Wheeler.

Eskuche, O. A., B. 8. M. E., 06, Milwaukee, Wis., Four Wheel Drive
Motor Co.

Evans, E. M., B. S. C. E., '94, Chicago, I11., Draftsman with Am. Bridge
Co.

Evans, G. B., St. Louis, Mo., La Clede Gas Light Co.

Friksen, I5. T., B. 8. C. 1., '89; C. K., '90, 740 Winona St. , Chicago, I11.,
Civil & ngr i ba,mt.m'v District ot Chicago.

Ewald, R. F., B. S. C. E., '05, Madison, Wis., D. W, Meade, Consulting
Engineer

Fairehild, D. L., B. 8. €. E., '90, 4021 Palladio Bldg., Duluth, Minn.
Dealer in '\Imera.l Lands.

Falconer, D. P., B. 8. C. E., '05, 1113 Union Sta., Pittsburg, Penn.,
Engr. Dept., Penn. R. R.
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Faleoner, R. C., B. 8. C. E., ’95, 50 Park St., Mont Clair, N. J., Asst.
lingr., Krie R. R., 408 Havemeyer Bldg.

Falk, H. S., B. 8. G. K., '06, Milwaukee, Falk Manufacturing Co.

Farris, J. A., B. 8. M. 5., '00, Harvey, [ll., Draftsman, Whiting Foundry
ISquipment Co.

Fehr, H., B. S. M. I%., 84, 14 Grand Ave., Milwaukee, Wis., Lawyer.

Feige, H., 3. 8. 1% I, 06, Chicago, T1l.. Engineering Dept., Chicago Tele-
phone Co.

Fisher, 1. J., B. S CL 1B 04, 329 Hudson St., Hoboken, N. J., D. L. &
W. R. R.

Fisher, F. 10., B.S. E. K., '06, Madison, Wis., Northern Electric Co,

Kisher, J. J., B. 8. C. 14, 16, Prescott, Ariz., U. 8. Surveyor and Civil
Engr.

Fisher, J. R., B. 8. C. I, "T4; C. ., '80, Beaver Dam, Wis.

Flagg, W. H., B. 8. . E.,'06, Chicago, Traffic Dept., Chicago Telephone
Co.

Flaig, John, B. 8. C. l&., 04, St. Paul, Minn. Draftsman.

Ifoote, ¥, .., 15, I5., '02, Cincinnati, Ohio, Bullock Iilec. Mfg. Co.

Ford, A. . B. S. E. 14, W5; 1. E., 96, Towa City, Ia., Prof. of Elec.
Ingr., lowa State Univ.

=

Ford, I, H., B. S. £, £, 93, Warren, Ohio, Sales Mgr., Peerless Elec.
Co.

Ford, R. H., B. S. . I '06, Chicago, I1l., Apprentice, Western Electric
Co.

Foster, D. 15., B. S. M. E., *06, Madison, Wis., Inst. in Mech. Drawing,
U. of Wisconsin.

Fowle, F. 1., B. 5. C. I&., "93, Wauwatosa, Wis.

Fowle, H. ., B. S. &, I&,, '95. Box 238, Milwaukee, Wis.

Fowler, M. M., B. S. I, K., ‘01, 841 W. Adams St., Chicago, [lL., Engr.
Dept. Western Elec. Co.

*ox, .. B. 8.0 ., '92, Washington, D. C., U. 8. Jr. Engr., Survey
of Tllinois and Des Plaines Rivers.

Frankentfield, B. D., B. S. 19, 5., *95, 2130 Lawn Ave., Sta. H., Cincin-
nati, Ohio, Kngr. Dept.. Bullock Elee. Co.

Fratt. K. W.. B. S, C. 10, '82, 415 Shukert Bldg., Kansas City, Mo., Chief
[ongr. Missouri, Kansas and Texas Terminal Co. of Kansas City.

Freschl, 19, 3. S, ML 19, 949, 3405 Wells St., Milwaukee, Wis., Supt., Kal-
amazoo Knitting Co.

IPriend, J. H., B. S, 15 15, 03, Mobile, Ala., Engr. Electric Light and
Gas Co.

Frost, D. K., B. 8. I 1%, '04, Pittsburg, Pa., Westinghouse Ilee. Co.

Frost. O.J., B. S, AL 5., '82; M. 15, '85, 1752 Champa St., Denver, Col.,
Assaver.

Furina, A. R., B. 80 CL 19,798, No. 1 W. Kinzie St., Chicago, 111., Asst.
ngr., C. & N. W, R'y.

[Fuldner, I, (., B. S. C. K., 97, 366 Greenbush St., Milwaukee, Wis.,
[inger. of Conerete Const.. A. Mosted & Co.
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Funk, W. I\, B. S. M. I, '91, 1407 Main St., La Crosse, Wis., Supt., M.
Funk Boiler Works.

Galloway, E. W., B. 8. M. K., '04, 116 Webster Ave., Muskegon, Mich.,
Assist. Chemist, with £d. H. Cunningham & Co.

Gapen, J. C., B. S. E. E., *03, 114 Oak Park Ave., Oak Park, Il1l., Chief
Inspector North Shore Electrie Co.

Gardner, Harry, B. G. C. E., '05, Urbana, I11., Inst. in C. k., University
of Illinois.

Gardner, Stephen, B. 8. . 1., %02, New York Life Bldg., Chicago, I1l.,
Sales Manager Westinghouse Electric & Mfg. Co.

Garvens, G. W., B. 8. C. K., '04, Ankney, Ia.

*Gates, H. B., B. 8. C. E., 05, New York City, N. Y., Tunnel Work,
Engr. Dept., Pa., N. Y. & Long Tsland Ry.

Geerlings, H. J., B. 8. M. E., '03, Harvey, Il1.

*Gerdezen, G. A., B. S. M. E., '93, California.

Gerlach, T. A., B. S. C. E.,, '98, 15124 Lexington Ave., Harvey, Ill.,
Chief Draftsman, Paige Iron Works.

Gibson, W.J., B. 8. M. E., ’02, Madison, Wis., Asst. Supt., Fuller &
Johnson Co.

Gilman, J. M., B. 8. C. ., 04, Chicago, Tll., Engr. Dept., C., M. & St.
Paul Ry.

Goddard, A. L., B. 8. M. E., '96, Ardmore, Pa., Supt., with The Auto
Car Co.

Goetz, . A., B. 8. G. E., '04, 65 I0. 11th St. N., Minneapolis, Minn.

*Gold, Solon, B. 8. C. 0., 05, Chiecago, Ill., Draftsman, Lake Shore &
Mich. So. Ry.

Golder, L. W., B. S. M. E., ’95; B. S. E. ., '96, 18-24 West Randolph
St., Chicago, Secretary of Metal Specialties Mfg. Co.

Goodenough, C. F., B. S. G. E., 03, West Depere, Wis., Asst. Supt.,
Paper Mills.

Gormley, J. H., B. 8. C. E., '08, Madison, -Wis., Building Inspector T.
of W.

Goudie, James, B. S. E. E., '03, Silver City, New Mexico, Mining En-
gineer, Comanche Mining & Smelting Co.

Graff, C. ., B. 8. C. E., '04, Seattle, Wash , Consulting Engineer.

Graham, G. A., B. S. C. E., 05, Long Island City, N. Y., Tunnel Work,
Engr. Dept., Pa., N. Y. & Long Island Ry.

Granke, L. E., B. 8. C. E., '00, Chicago, Il.., Supt. of Fitzsimmons &
Connell Co., Contractors.

Greaves, A. C,, B. 8. C. E., 03, Sturgeon Bay, Wis., Civil Engr.

*Gregerson, L. T., B. 8. C. E., '95, U. S. Nat. Bank Building, Omaha,
Neb., Asst. Engr. C. & N. W. Ry.

Gregg, H. B.,, B. 8. M. E., '92, San Bernardino, Cal., Engr. of Tests
Lines West of Albuquerque, A. T. & S. F. R. R.

Grey, J. C., B. S. M. E., '02, Des Moines, Ia., Engr. Capital City Gas
Light Co.

Griffith, J. H., B. S. C. E., 93, cor. Forest and Thomas Ave., Bellevue,
Pa., Engr. Steel Co., Pittsburg.
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Griswold, R. G., B.S. M. K., '04, 411 W. 6th St., Denver, Col., Engr.
Asst., Denver Gas and Electric Co., 405 17th St.

Grover, A. J., B. 8. C. E., '81; C. K., '8}, Milwaukee, Wis., Locating
Engineer for Wis. Cen. R. IR.

Grover, Allison S., B. S. M. 1., '95, South Milwaukee, Wis., Clergyman.

Haase, A., B. S. C. ., 03, 899 First St., Milwaukee, Wis., Illinois Steel
Co.

Hackney, R. ., B. 8. M. E., "93, 1719 Grand Ave., Milwaukee, Wis.,
Pres.,Pressed Steel Tank Co.

Hadfield, R. H., B. 8. M. E., '03, home, Madison, Wis.

Haertel, C. F., B. S, G. K., 06, Madison, Wis.

Hagenah, R. I, B. 8. M. K., '04, St. Louis, Mo., La Clede Gas Co.

Hahn, J. F., B. S. C. ., '03, 408 Carter Bros. Bldg., Jackson, Mich.,
Draftsman, Peninsular Engineering and Construction Co.

Hain, J. C., B. S. C. K., '93; C. E., '95, New York, N. Y., Consulting
lingr., with J. G. White & Co.

Haley, G. H., B. S. C. K., 05, 62 Philips St., Albany, N. Y.

Hall, £. M., B. S. E. &, ’04, 873 Monroe St., Chicago, Ill., Atlantic
Fquipment Co. )

Hall, M. G., B. S. C. E., '04, Centerville, lowa, Acting City Engineer.

Mambuechen, C., B. 8. E. K., '99; E. K., 00, E. St. Louis, Ill., Expert
on Improvements, Pittsburg Reduction Co.

Hamilton, H. F., B. 8. C. K., 92, Minot, N. D., Asst. Engr., G. N. Ry.

Hammerschlag, J. G.. B. S. M. [., ‘02, 1818 State St., Milwaukee, Wis.,
T. M. E. R. & L. Co., Milwaukee.

Hancock, L. M., B. S. M. E., '88; M. K., 05, Fortuna, Cal., Consult. Engr.

Hankinson, R. .., B. S. G. E., ’05, 57 Jackson St., Tompkinsville, N. Y.,
Draftsman, U. S. Lighthouse Service.

Hansen, C. A., B. S. C. E., 05, Schenectady, N. Y., Research Labora-
tory, Gen. Elec. Co.

Hansen, Oscar, B. S. E. E., 94, Evanston, I1l., Chief Draftsman, Western
Electric Co.

Hanson, F. H., B. S. E. E., '04, Belvidere, Ill., Inspector, The Arnold
Co., of Chicago.

Hanson, W. S., B. S. M.'Il., '95, Oklahoma City, Okla., Pres., Okla. Cot-
ton Product Co.

*Hanson, H. 0., B. S. B. E., '99, Elizabeth, N. J., Draftsman, Western
Elec. Co.

*Hardaker, R. J., B. 8. E. E., '06, Chicago, I1l., Apprentice Western Elec.
Co.

Hargrave, R. W., B. S. M. E., 98, Atlanta, Ga., Prof. of Mach. Prac-
tice, Georgia School of Technology.

Harlacher, L. R., B. S. C. &, '05, Bovey, Minn., U. S. Steel Co.

Harris, H. J., B. S. Met. I, 93, Pocatello, Idaho, Asst. Engr., O. S. L.
R. R.

Harriman, . J., B. 8. C. E., '89, 903 Perry St., Appleton, Wis.. City
Fngr. (Surveyor). . ;

Hartman, Rudolph, B. 8. C. E.,, '02, Wells Bldg., Milwaukee, Wis.,
Engr. with Fire & Rust-Proof Const. Co.
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Hart, C. W., B. 8. M. E., 96, Charles City. [a., Pres., Hart, Parr & Co,
Mifrs. of Internal Combustion Engines.

Hart, J. G., B. 8. G. I, '06, Racine, Wis., Racine Gas Light Co.

Harvey, J. L., B. S. M. E., 00, 277, 17th St., Milwaukee, Wis., Drafts-
man, International Harvester Co.

Harvey, W. R., B. 8. E. E., ‘05, Milwaukee, Wis., Wis. Tel. Co.

Harza, L. ¥., B. 8. C. E., '06, Madison, Wis., Instructor in Hyd. Engi-
neering U. of W.

Hatter, C. P., B. S. C. I, '05, 6328 Ellis Ave., Chicago, T1l., Chicago Gas
Co.

Hauser, W. H., B. 8. M. L., 04, Topeka, Kas., Atchison, Topeka & Santa
Fe Ry.

Haugan, C. M., B. 8. E. E., ’05, 1713 Deming Pl., Chicago, 111.

Haven, G., B. 8. Min. E., "6, Waterloo, la., Lumber Dealer.

Hawn, R. J., B. 8. C. E., 01, Craigsville, Va., Engr., Va. Portland Ce-
ment Works.

Hayden, C. B., B. S. E. E., '96, Sun Prairie, Wis., Pres. Elec. &
Laundry Co.

Heald, E. H., B. 8. C. E., ’00, 1101 Herman Bldg., New Orleans, La.,
Contracting Agent, Amer. Bridge Co. of New York.

Hejda, C. F., B. 8. E. E., '03, 468 La Salle St., Chicago, Ill., Chief
Operating Engr., Chicago Edison Co.

Hedke, C. R., B. S. C. ., '00, Ft. Collins, Col., Consulting Engr., Stein
& Hedke.

*Heidemann, W. R., B. S. E. E., '05, Waterloo, Wis.

Heine, R. E., B. S. E. K., ’98, Chicago, Ill., Eleec. Engr., with D. H.
Burnham & Co., Architects.

Heller, H. T.., B. S. E. E.,’06, Milwaukee, Wis., Wisconsin Telephone Co.

Helmholtz, A. W., B. S, E. E., "05, Chicago, Ill., Chicago Edison Co.

Helzer, A. E., B. S. E. E., 05, Milwaukee, Wis., Wis. Tel. Co.

Henry, R. R., B. S. E. E., '05, Cochrane, Wis.

Herdegen, R. F., B. 8. E. E., %06, Cincinnati, O., Bullock Works, Allis-
Chalmers Co.

Hile, C. H., M. T, *93, 552 Harrison Ave., Boston, Mass., Supt. of Wires,
Boston Elevated Ry.

Hill, M. J., B. 8. C. E., ’03, Oshkosh, Wis., Chief Engr., Winnebago
Traction Co.

Hinriehs, C., B. 8. M. ., '90, Camden, N. J., with New York Shipbuild-
ing Co.

Hippenmeyer, I. R., B. S. M. E., 02, Madison, Wis., Gisholt Machine
Co.

Hirschberg, W. P., B. 8. C. E., '01, Gary, Ind., Indiana Steel Co.

Hirsheimer, H. J., B. 8. M. E., '91, 218 N. 8th St., La Crosse, Wis.,
Vice-Pres., La Crosse Plow Co.

Hobart, F. G., B. S. M. E., '86; M. L., '90, 1259 Chapin St., Beloit, Wis.,
Supt., Fairbanks, Morse & Co.

Hodge, J. 8., B. 8. M. E., '04, Granite Fall, Wash., Supt., Granite Falls
Elee. Co.
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Hoefer, A. U., B. S. M. E.,’06, Chicago, I1l., Engineering Dept., Chicago
Telephone Co.

Hoefer, C. A., B. S. M. L., ’05, Freeport, Il1l., Hoefer Manufactur-
ing Co.

Hoefer, It. G.. B. S. M. I£., '05, Madison, Wis., with D. C. & W. B.
Jackson.

Hoelz, J. G., B. 8. . E., '06, Burlington, Wis,

Hogan, J. J., B. S. K. ., 99, 5725 Ontario St., Austin, Ill., Western
Elee. Co.

Hohnbach, R. O. G., B. S. M. E., '88, 1211 Elizabeth St., Joliet, Ill.,
Draftsman, Amer. Steel & Wire Co.

Holloway, D. C., B. S. M. K., ‘04, Lombard, TIll., Engr. Dept., Chicago
Telephone Co.

Holt, F. W., B. S. C. K., ’85, 1110 8th St., N. W., Washington, D. C.,
First Asst. [Kxaminer, U. S. Patent Office.

Hopper, Chas. Van ., B. S. C. E., 05, 42 Lincoln Ave., Newark, N. J.,
Terminal I'mprovements, lirie R. RR.

Hoskins, A. J., B. S. M. ., '90; M. F., 05, Golden, Col., Asst. Prof. of
Mining Engr.

Hoskins, T.. M., B. S. C. E., ’83; C. L., '817, 365 Lincoln Ave., Palo Alto,
Cal., Prof. of Applied Mathematics, Leland Stanford University.

Hotchkiss, W. O., B. S. G. K., 03, Madison, Wis., Instructor in Geology,
U. of W.

Hover, W. A., B. S. M. E.,'T7, Denver, Col., Senior Member, W. A.
Hover & Co.

Howland, H. P., 3. S. M. 5., '03, Chicago, Ill., Supt. West Side Plant,
[1linois Steel Co.

Howson, 1. T., B. 8. C. E., 06, Waverly, Ill., Asst. Iingineer, C. B, &
BB,

Hoyt, R. 8., B. S. L. E., '05, Boston, Mass., Fellow, Mass. Inst. of
Tech.

Hoyt, W. A., B. S. C. L., 00, Kalamazoo, Mich., City Engineer’s Office.

Huels, F. W., B. S. L. L.,'03, Madison, Wis., Inst. in Mech. Lab., U. of W.

Hull, I. W., B. S. L. L., 06, Chicago, I11., Inspector of Materials, Chicago
Telephone Co.

Humphrey, C. W., B. S. E. K., '00, Denver, Col., Denver Gas & Elec.
‘0.

Hunner, E. E., B. S. C. E., '00, Hibbing, Minn., Engr., U. S. Steel Co.

Hunt, H. J., B. 8. C. K., 06, Madison, Wis., Draftsman, D. W. Mead.

Hurd, J. T., B. 8. C. E., ’01, 7105 Princeton Ave., Chicago, Ill., Inspec-
tor of Tunnels and Subway, City of Chicago.

Hurd, N. L., B. S. M. E., *01, Joliet, Ill., American McKenna Process Co.

Icke, John F., B. S. C. K., ’00, Madison, Wis., City Engineer.

Inbusch, H. S., B. S. E. K., 05, Chicago, Ill., Western Elee. Co.

Inbusch, W. H., B. 8. E. E., '05, 176 Martin St., Milwaukee, Wis., Engr.
Dept., Wis. Tel. Co.

Irving, T. J., B. S. C. E., '05, 202 S. Warren St., Watertown, Wis., In-
strument Man, Const. Dept., C. & N. W. Ry.
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Jacobs, E. R., B. 8. M. ., '05, Aurora, Il

Jacobson, Ernst, B. S. T. K., '06, St. Louis, Mo., La Clede Gas Co.

James, B. W., B. 8. M. ., ’97, Seattle, Washington, Flec. & Mech.
Tngr.

James, O. B., B. S. M. E,, '91, Richland Center, Wis., D. C. James &
Son, Hardware.

Jenista, G. J., B. 8. .. I&.,’06, Chicago, 111., Traffic Dept., Chicago Tele-
phone Co.

Jenson, C. W., B. S. C. E., '04, River Falls, Wis.

Johnson, A. L., B. S. M. I&,, '03,695 N. Robey St., Chicago, I1l., Supt.
Johnson Chair Co., Chicago.

Johnson, C. A., B. 8. M. E., 91, Madison, Wis., Gen. Mgr., Gisholt
Machine Co.

Johnson, F. M., B. S. C. E., '06, Western Coast Extension, C. M. & St.
P. R. R.

Johnson, G. M., B. S. M. E. '06, West Salem, Wis.

Jones, G. H.. B. 8. E. 1., 97, 139 Adams St., Chicago, Il., Contracting
Engr., Chicago Edison Co.

Jones, RR., B. 8. E. L5.,’05, Denver, Col., Denver Gas & Electric Co.

Jones, Wm. N., B. 8. C. E,, ’05, 909 Paradrone Ave., Cincinnati, Ohio,
City Water Works.

Jorstad, O. B., B. 8. G. E., ’04; C. E., '05, Wilkinsbhurg, Penn., Westing-
house Elee. & Mfg. Co.

*Joyce, P. F., B. 8. C. E., '93, Washington, D. C., Draftsman, Isthmian
Canal Commission.

Kahn, G. E., B. 8. C. E.’04, Wells Bldg., Milwaukee, Wis.

Kayser, . M., B. S. C. K., *05, 345 E. 33rd St., New York City, Penn.
R. R. Co. Tunnels.

Keachie, G. R., B. 8. C. E., '03, Madison, Wis., Contractor.

Kearney, Edgar, B. S. M. E., '06, 125 Benton Ave., Springfield, Mo.

Keller, C. A., B. S. E. K., '99, Chicago, T1l., Contracting Engr., Chicago
Edison Co.

Kelley, P. J., B. 8. E. ., '02, Mansfield, O., Engineer.

Kennedy, W. M., B. S. Met. E., '96, Highland, Wis., Pres. and Supt.,
Highland Mining Co.

Keyes, D. A., B. 8. E. L., 06, Chicago, I1l., Engineering Dept., Chicago
Telephone Co.

Kiehl, W. P., B. 8. E. E,, '97, 324 Hudson Ave., Union Hill, N, J., First
Asst. Engr., Trinity Church Corporation, New York City.

King, A. C., B. S. M. E. 01, Madison, Wis., Northern Electric Co.

Kinne, W. S., B. 8. C. E., '04, Madison, Wis., Instructor Structural
Engr., U. of W.

Kirchoffer, W. G., B. S. C. E., '97: C. L., '01, Madison, Wis., Consulting
Engr.

Kirk, A. T., B. 8. M. E., ’06, Joliet, Ill., Illinois Steel Co.

Klug, L. J., B. 8. C. E., 98, 1334 Hilda Place, Milwaukee, Wis., Drafts-
man, Milwaukee Bridge Co.
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Knowles, J. H., B. S. C. E., '99, 112 N. Main St., Salt Lake City, Utah,
Asst. Engr., S. P. L. A, & S. L. Ry.

Koch, W. J., B. 8. M. E., '04, 222 12th St., Milwaukee, Wis.

Kohl, O. B., B. 8. E. E., 02, Denver, Col., Denver Gas & Elec. Co.

*Kohn, A. J., B. S. . K., ’06, Chicago, Il1., Apprentice, Western Electric
Co.

Kommers, J. B., B. S, . Ii., '06, Chicago, Ill.,, Suburban Construction
Dept., Chicago Telephone Co.

Kowalke, O. L., B. S. Ch. E., 06, Madison, Wis., Asst. in Chem. Eng.,
U. of Wisconsin.

Kremers, J. G., B. S. Ii. K., '98, Menominee Falls, Wis., Asst. Supt.,
Beet Sugar Refinery.

Kratsch, W. H., B. S. M. E., '97; M. E_, 08, 232 W. Irving St., Oshkosh,
‘Wis., Supt., Geo. Challoners Co.

Krippner, A. F., B. S, E. E., '04, St. Louis, Mo., Instruetor in Elec.
Engr., Washington Univ.

Krummnrey, R. G., B. 8. E. E., '03, St. Louis, Mo., Foreman of Construe-
tion, La Clede Gas Co.

Kurtz, C. M., B. S. C. K., '97, Ogden, Utah, Chief Field Draughtsman,
Office C. P. R. R. Reconstruction.

Kurtz, 8. M., B. S. M. E., '94, 4725 Greer Ave., St. Louis, Mo., Supt.,
La Clede Power Co.

Lacey, F. H., B. S. E. E., ’01, Chamberlain, S. Dak.

TLademan, Otto T., B. 8. E. K., '97, St. Louis, Mo., Engr., Kinlock Tele-
phone Co.

La Dow, C. V., B. S. G. E., 08, Sandusky, Ohio.

Landgraf, F. K., B. S. M. E., '98, Bridgeville, Pa., Supt., Flanery Bolt
Co., Bridgeville.

Lapham, C., B. 8. C. K., 81, 3118 Mt. Vernon Ave,, Milwaukee, Wis.,
Div. Engr., C. M. & St. P. Ry.

Lardner, H. A., B. S. E. L., '93; E. K., '95, 43 Exchange Place, New
York City, Chief Elec. Engr., J. G. White & Co.

Larkin, F. V.,'B. S. G. E..,’06, Provo, Utah, Telluride Power Co.

Larson, Albert, B. S. M. E,, 05, Milwaukee, Wis., Grad. Apprentice,
Allis-Chalmers Co.

Larson, C. M., B. 8. ¢ K., '05, Mexico City, Mex., Asst. ingr., National
Ry. of Mex.

Lathrop, W. F., B. S. K. E., 02, Milwaukee, Wis., T. M. E. R. & L. Co.

Lathrop, T. ., B. S. . L., '04, 142 Grand Ave,, Milwaukee. Wis., T.
M. E. R. & L. Co.

Laurgaard, O., B. S. C. [, '03, Washington, D. C., Asst. Ingr., Recla-
mation Service, U. 5. G. 5.

Lawrence, F. H., B. S. C. ., ’06, Chicago, Ill., Engineering Dept., Chi-
cago Telephone Co.

Lawrence, F. W., B. S. C. E., '06, Madison, Wis., Assistant in Hyd. Engi-
neering, U. of Wisconsin.

Lawton, I2. W., B. S. M. E., '89, De Pere, Wis., Secy. and Treas., C. A.
Lawton Co.
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Lea, H. 8., B. 8. E. £., 03, Seattle, Wash., Manager Manufacturing

Plant.

Lea, John M., B. 8. E. E., 02, Sta. U., Chicago, Ill., IWestern Electric
Co. :

Lee, Allan, B. S. G. E., 04, 11 Rue Scribe, Paris, France, care of Am.
Exp.

Lee, Norman, B. S. . K., '04, 11 Rue Scribe, Paris, France, care of
Am. Exp.

Legg, 1. F., B. S. E. K., '01, 137 Broadway, Long Branch, N. I., Engi-
neer Central Station Works.

Legreid, H. N., B. S. Ch. K., '06, Madison Gas & Electric Co.

Leich, O. M., B. 8. E. E., '98, Rochester, N. Y., Stromberg Electric
Telephone Mfg Co.

Lemon, L. K., B. S. E. E., '96, 158 Iowa Ave., Aurora, Ill., Secy., Vin-
dex Elec. Co.

Lennon, H. D., B. 8. G. E., 02, Monadnock Blk, Chicago, Ill. With
Railway Age.

Leuth, E. S., B. S. M. E., 97, 1239 Ainslee St., Chicago, Ill., Installing
Engineer, G. W. Scott Co.

Leuth, P. F., B. S. M. E., '98, Eau Claire, Wis., Engineer Stromberg
Flectric Telephone Manufacturing Co.

Lewy, Daniel, B, S. M. E., '05, 4928 Forestville Ave., Chieago, Ill.

Lindeman, A. S., B. 8. M. E., ’85; M. K., '87, 2912 Highland Blvd., Mil-
waukee, Wis., Sec. and Treas., Milwaukee-Waukesha Brewing
Co.

Lisberger, S. J., B. S. E. E., %03, Oakland, Cal., Gas Light Co.

Lloyd, C. C.,B. 8. C. K., '96, 860 Marshal St., Milwaukee, Wis,, C. M. &

St. Paul Ry.
Loew, E. A., B.S. E.E., 06, Madison, Wis., Instructor in Electrical Engi-

neerinng, U. of W.

Logeman, R. T., B. 8. C. E., 99, St. Paul, Minn., Chief Drattsman,
Bridge Dept., G. N. Ry.

Liyons, B. F., B. 8. M. E., 03, St. Louis, Mo., La Clede Gas Co.

Mabbett, W. ., B. 5. C. 1., '02, 975 Berwyn Ave., Chicago, 11, Civil
Engineer.

MacEachron, E. J., B. 8. M. E.. 04, West De Pere, Wis.

MacGregor, W. F., B. 8. M. ,, 97, Racine, Wis., Mech. Supt., J. I. Case
T. M. Co.

Mae Millan, H. St. C., B. 8. M. E., 05, Ladd, Ill., Roundhouse Foreman,
C., M. & St. Paul Ry.

Maldaner, A., B. S. C. K., 96, 1135 I"irst National Bank Bldg., Chicago,
T11.,, Maldaner & Riddle, Civil Engineers.

Malee, A., B. S. C. K., 98, New York City, Western Elee. Co.

Manchester, T. H., B. S. M. E.,’06, Beloit, Wis., Fairbanks, Morse & Co.

Manegold, R. A., B.S. M. K., '06, Madison, Wis., Madison Gas & Klec-
tric Co.

Mano, F. H., B. S. C. K., 05, Spokane, Wash., Timekeeper, G. N. Ry,

Marks, F. R., B. S. G. E., 06, Chicago, 1ll., Engineering Dept., Chicago
Telephone Co.
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Matthews, O., B. S. Min. E., "16; Met. L., "M&, P. O. Box 153, Colorado
Springs, Col., Mining Engineer. Dead.

Marvin, A. B., B. S. E. I£.,°00, 1205 Union St., Schenectady, N. Y., Patent
Dept., Gen. Elec. Co.

Mason, C. T., B. S. M. K., 99, 300 Mississippi Ave., Joliet, I1l., Illinois,
Steel Co.

Maurer, I&. R., B. 8. C. E., '90, Madison, Wis., Prof. of Mechanics, U.
of W,

Mayer, August, B. S. C. K., '83, 810 Jordan St., Shreveport. La., Cotton
Planter.

Me Arthur, A. R., B. S. M. E., '00, 1532 S. J. St., Elwood, Ind., Mech.
Engr., Am. Tin Plate Co.

MeArthur, D., B. S. M. E., '04, 1520 S. J St., Elwood, Ind., Engr., Ameri-
can Tin Plate Co.

MeCollough., I, M., B. S. C. E., '03, Madison, Wis., Inst. in Mechanies,
U. of W.

MeCoy, L. B., B. S. G. E., 06, Milwaukee, Wis.

MeDonald, C., B. S. C. E., ’97, Waupun, Wis., Roadmaster, C. & N. W.
Ry., at Chicago.

MeDonald, H. L., B. S. C. K., '04, Washington, D. C,U.8 G. 8.

McEvoy, G. E., B. S. M. E., '02, So. Milwaukee, Wis., Inspector, Pitts-
burg Testing Laboratory.

McKinn, J. A., B. S. C. E., '91, Mercantile Bldg., St. Louis, Mo., Sec’y-
Treas., Westlake Const. Co.

McMullen, V. ., B. S. K. K., '03, Evansville, Wis., Draftsman Baker
Mfg. Co.

MeNown, W. C., B. S. €. K., 03, Ithaca, N. Y., Inst. in Civil Engr.,
Cornell Univ.

MeWethy, F. H., B, S. M. L., '05, Aurora, I1l., Consolidated Gas Co.

Mead, 1G. A., B. S. E. E., '95, Mansfield, Ohio, Chief Engineer Ohio
Brass Works.

Mead, O. A., B. S. C. K., '92, Appleton, Wis., R. McMillan & Co.

Mead, W. J., B. 8. G. E., '06, Madison, Wis., Assistant in Geology, U. of
Wisconsin,

Mellville, Jas., B. 8. C. E., "75; C. K., "78, Delafield, Wis., Supt., Home
and Farm School.

Merrian, L. N., B.S. C. L., '98, Winnepeg, Manitoba, Canada, Asst.
Engr., Canadian Pacific Ry.

Merrill, Z., B. 8. G. E., *04, Schenectady, N. Y., General FElectric Co.

Merriman, W. N., B. S. Met. I, '81, 202 Wolvin Bldg., Duluth, Minn.,
Geologist, Oliver Tron Mining Co. and Minn. Iron Co.

Merrick, 1. G., B. 8. 1. E,, *00, 46 I2. Housatonic St., Pittsfield, Mass.,
Stanley Elec. Mfg. Co.

Meyers, A. V., B. S. E. E., 01, Provo, Utah, Const. Dept., Telluride
Power Transmission Co.

Meyer, A. I, B. 8. C. E., 05, St. Paul, Minn., U, S. Engr's Office.

Meyer, E. W., B. 8. M. E., "95, 859 Second St., Milwaukee, Wis., T. L.
Smith Co., 607 Merrill Bldg., Milwaukee.
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Miller, A. H., B. 8. M. L., 05, Milwaukee, Wis., Filer-Stowell Co.

Miller, E. B., B. S. G. E., 06, Schenctady, N. Y., Testing Dept., Gen-
eral Electric Co.

Miller, W. B., B. 8. G. L., 06, Pittsburg, Penn., Pennsylvania R. R.

Minch, H. J., B. 5. M. E., ’92, 502 W, Miffiin St., Madison, Wis.

Mineh, O. F., B. S. M. E., '93, Odessa, Wash., Mgr. Odessa Milling Co.

Mineh, W. B., B. 8. M. E., 00, 350 Ashland Blvd., Chicago, Ill., Tele-
phone Engineer, Western Elec. Co.

Moles, E. 8., B. S. E. E., ’05, Madison, Wis., Inst. in Mechanical Draw-
ing, U. of W.

Monahan, J. J., B. 8. C. K., '95, Milwaukee, Wis., -Contracting Engr.,
The Filer & Stowell Co.

Monroe, Wm., B. S. C. E., "73; C. E., *18, Great Falls, Mont., Civil and
Mining Engineer.

Moore, L. E.,, B. 8. M. E., ’00, Urbana, Ill., Instructor, University of
Ilinois.

Moore, S., B. S. C. E., 02, 4 Old Post Office Bldg., Detroit, Mich., Asst.
Engr., U. S. Great Lakes Survey.

Moorhouse, L. B., B. S. M. K., 04, San Antonio, Tex., San Antonio Gas

Co.
Morgan, W. D., B. 8. G. K., ’05, Reedsburg, Wis., Supt., City Water
Works.

Moritz, E. A., B. 8. C. E., '04; C. K., 05, 1021 W. Johnson St., Madison,
Wis., Inst. in Engineering Mathematics, U. of W.

Moroney, J., B. S. C. E., "73; C. E., "5, Dallas, Tex.

Morrison, R. H., B. S. M. E., 03, Milwaukee, Wis., Locomotive Testing
Dept., C,, M. & St. P. Ry.

Morrissey, P. W., B. S. M. E., ‘05, Milwaukee, Wis., with Smith Auto-
mobile Co.

Morrow, F. 1., B. S. C. E., '92, N. Milwaukee, Wis., Draftsman, Wis.
Bridge & Iron Co.

Mors, G. C., B. 8. M. E., ’92; M. 1., 00, Phoenix, Arizona.

Moser, A. L. B., B. S. G. E., '06, Cripple Creek, Wis.

Mott, W. R., B. 8. E. E., 03, Niagara Falls, N. Y., Electro-Chemical
Engineer.

Mueller, (E. B., B. 8. E. E., '03, Tacoma, Wash., Asst. Engr., Tacema
Light and Power Co.

Muir, R. C., B. 8. E. E., 05, Schenectady, N. Y., Tesiing Dept., Gen.
Elec. Co.

Munger, E. T., B. S. M. L., 92, Chicago, Ill., Master Mechanic, Metro-
politan Elevated Railway.

Murphy, F. H.,, B. S. E. E., 04, Des Moines, lowa, Prof. Elec. Engr.,
Hyde Park College.

Murphy, N. M., B. S li. E., 01, Chicago, Ill., Electrician, Marshall,
Field & Co.

*Musil, L. F., B.S. E. E., 04, 1068 9th St., Denver, Col., Denver Gas &
Elee. Co.

Musser, J. M., B. 8. E. E., '04, Box 65, Waukegan, Il
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Nee, T. G., B. S. . E., 99, Mexico City, Mex., Asst. to Mgr., Mexican
Telephone Co.

Neef, J. H., B. S. C. E., '04, Minneapolis, Minn., Draftsman B. & B.
Dept., C., M. & St. P. Ry.

Nelson, C. L., B. 8. C. E., ’00, Sacramento, Cal., U. S. Geol. Survey.

Nethercut, 15, S., B. S. C. E., '8), 637 Railway Exchange, Chicago, Ill.,
Chief Engr., Paige Iron Works.

Newman, F. J., B. S. E. E., 98, 4459 Calumet Ave., Chicago, Ill., Woods
Motor Vehiele Co.

Nicholaus, A. A., B. 5. E. E., 01, Chieago, Ill., Draftsman, Chicago
lédison Co.

Nicholaus, A. W., B. 8. C. E., 04, 612 S. 9th St., Omaha, Neb., U. P. Ry.

Noe, E. J., B. 8. I&. L., '06, Sehenectady, N. Y., Testing Dept., General
Electric Co.

Noyes, J. D., B. 5. E. E., '04, Wilkinsburg, Penn., Electrical Engineer.

Ochsner, R. J., B. S. E. E., '94, Cleveland, Ohio, Draftsman, Brown
Hoisting Maech. Co.

*Qlder, C., B. 8. C. E., '00, Springfield, I1l.

Olson, A. C., B.cS. C. E,, '02, 506 Exchange St., Joliet, IlL., E. J. &
E. Ry.

Olson, H. M., B. S. E, K., 05, Lynn, Mass., Stanley Elec. Co.

Olson, M. C., B. 8. K. E., '99, 21 University Place, Schenectady, N. Y.,
Gen. Elec. Co.

Olson, L. W., B. 8. E. E., '99, Mansfield, Ohio, Chief Engineer, Ohio
Brass Co.

Omara, . H., B. 8. C. K., '04, Chiecago Ill., M. of W. Dept., I. C. Ry.

O'Neill, W. R., B. S. M. E., ’87, Boise, Idaho, Foreman, Barber Asphalt
Co. Plant, R. F. D., No. 1.

Orbert, E. G., B.S. C. E., '05, Green Bay, Wis., City Engr.’s Office.

Ostenfelt, C. L., B.S. C. K., '85, 531 Unity Bldg., Chicago, Ill., Engr. for
Oscar Daniels Co.

Owen, Ray, B. S. C. E., 04, Madison, Wis., Inst. in Topographic Engr.,
U. of W.

Owen, L., B. S. . I, '97, 104 Flora Ave., Peoria, 1l1l., Elect. Engr.,
People’s Gas & Elec. Co.

Paine, J. ., B. S. C. L., '77, 223 Pleasant St., Milwaukee, Wis.

Palmer, R. B., B. S. E. E., 01, 317 Milwaukee St., Milwaukee, Sec. Hen-
del Wire Brush Co.

Parker, F. 1., B. 8. E. E., 06, Milwaukee, Wis., Cutler-Hammer Clutch
Co.

Parker, H. A, B. S. C. I&., '06, Cincinnati, Ohio, Care of Cincinnati Water
Works Commission.

Parker, W. C., B. S. C. K., '06, Hibbings, Minn., Asst. to Consulting
Engineer.

Parmley, W. C.; B. 8. Met. I5., '87, New York, N. Y., Consulting Engr.

Parr, C. H., B. S. M. K., '96, Charles City, Ohio, Sec., Hart, Parr Co.

Parsons, W. J., B. S. C. ., 00, 115 Lincoln Ave., Edgewood, Pa., Act-
ing Supt. of Building Const., Am. Bridge Co., of New York.
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Peck, B. H., B. 8. E. ., 06, Chicago, Ill., Engineering Dept., Chicago
Telephone Co.

Pengra, P. W., B. 8. E. K., 02, Chicago, Ill., Inspector, Chicago Edison
Co.

Pennock, W. H., B. S. M. E., '83, 620 N, Y. Life Bldg., Omaha, Neb.,
Lawyer.

Peotter, R. S., B. 8. C. E., '05, 110 Crescent St., Montreal, Canada.

Perkins, J. H., B. S. E. &, 96, Wilkesbarre, Pa., Mgr., Wilkesbarre
Gas & Elec. Co.

Perkins, W. D., B. S, E. E., '05, Milwaukee, Wis., Signal Engr. Dept.,
C., M. & St. Paul Ry.

Perry, C. H., B. S. C. E., ’03, Chicago, TlL, Track Elevation, C. & N. W.
Ry.

Peters, C. S., B. S. E. E, 05, 1158 Grand Ave., St. Louis, Mo, with
Wagner Tlee. Mfg, Co.

Petura, F. J., B. 8. E. E., 04, Denver, Col., Denver Gas and Ilectric Co.

Phillips, N. F., B.S. C. E,, "7, 3024 Holmes Ave., Minneapolis, Minn.,
Treasurer, Twin City School Supplies.

Plumb, H. T., B. 8. E. E., 01, Lafayette, Ind., Associate Prof., Purdue
University.

Polley, G. A., B. 8. €. E., 02, Winona, Minn., Mgr., Phanix Iron
‘Works.

~Pope, G. W., B. 5. C. ., '98, 324 Dooley Block, Salt Lake City, Utah,

Const. Engr., Minneapolis Steel and Machinery Co., Salt Lake
City.

Post, G. G., B. 8. C. E., '04, Milwaukee, Wis., I'. M. K. R. & L. Co.

Potter, J. C., B. 8. E. E., 04, Madison, Wis., Inst. in Elec. Engineer-
ing, U. of W.

Potter, W. G., B. 8. C.E., '90; C. E.,'94, Greensboro, N. C., City Engineer.

Potts, F. A., B. S. C. E., 05, Empere, Panama, Rodman, Panama Canal
Service.

Powell, A. O., B. 8. C. 1., '80; C. E., 90, 418 Globe Bldg., St. Paul,
Minn., Prin. Asst. U. S. Engr.

Powell, E. H,, B. 8. M. E., '91, Scranton, Pa., Text-book Writer on Me-
chanical Engineering, International Correspondence Schools.

Powrie, W. R., B. S. M. E., 96, 382 24th St., Milwaukee, Wis., Asst.
Engr.. C., M. & St. Paul Ry.

Prael, F. W., B. 8. M. K., '91, Corner of Lombard and Battery Sts., San
Francisco, Cal., Supt., Am. Can Co.

Price, J. R., B. S. E. ., '05, Inst. in Electrical Engineering U.of W.

Pugh, John, B. 8. E. E., 03, 836 Park Ave., Raeine, Wis., J. I. Case T.
M. Co.

Purdy, C. T., B. 8. C. K., ’85; C. Li,, '86, Upper Montelair, N. J., Purdy
& Henderson, 78 5th Ave., New York.

Quigley, A. J., B. 8. B. K., '03, New Brighton, Staten Island, N. Y., with
J. G. White & Co., 43 Exchange Bldg., New York City.

Quirk, J., B. 8. C. E., '73, 1920 Vine Place, Minneapolis, Minn., Pres.
and Mgr., James Quirk Milling Co.
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Radtke, A., B. S. K. K., '00, Chicago, Ill., Assoe. Prof. of Power Plant
Engincering, Armour Institute, Consulting Engr.

Ramien, C. H., B. S. M. E., '96, 560 4th St., Milwaukee, Wis., Draftsman,
Worden-Allen Co., Milwaukee.

Ramstad, A. G., B. S. E. E., '05, St. Croix Falls, Wis.

Ramsom, G. B., B. 8. C, K., '91, Portsmouth, N. H., Head of Department
of Steam Engineering, U. S. Navy Yard.

Rath, W. C., B. S. C. E., 06, Milwaukee, Wis., Fire and Rust Proof Con-
struction Co.

Read, B. K., B. 8. M. 1., *06, Chicago, Ill., Draftsman, The Arnold Co.

Reed, R. S.,B. 8. E. I.., 05, Racine, Wis., J. L. Case Co.

Reedal, P. E., B. 8. E. L., 96, Milwaukee, Wis., Christensen Engineer-
ing Co.

Reid, J. W., B. 8. C. E., 06, Bridge Dept., C., M. & St. Paul Ry.

Reilly, H. W., B. S. . E., '97, 29 Broadway, New York City, Elec.
Engr., J. G. White & Co.

Rendtorff, E. J., B. 8. E. K., '95, Lake Forest, I1l., Professor of Physics,
Lake Forest Academy.

Reuping, L. H., B. S. M. K., '03,lO0maha, Neb., Omaha Gas Co.

*Reynolds, I. A., B. 8. E. E, '06, Chicago, I1l., Apprentice, Western Elec-
tric Co.

Reynolds, W. E., B. 8, I&. E.,99, Room 42, 203 Washington St., Chicago,
I11., Eleetrical Engr., Chicago Telephone Co.

Rhine, C. A, B. 8. 1§ K., 00, 615 Clybourn St., Milwaukee, Wis., Union
Electrie Co.

Rice, L. IX., B. 8. E. E., '05, Schenectady, N. Y., Gen. Elee. Co.

Richards, J. T., B. 8. C. k., 95, Viroqua, Wis., Civil Engineer.

Richards, W. A., B. S. M. ., '99, St. Louis, Mo., La Clede Gas Co.

Richards, W. J., B. 8. E. E., '93, Madison St., Norwood, Ohio, Elec.
Engr., Allis-Chalmers Co., at Norwood.

Richardson, W. H., B.IS. M. K., '05, Pittsburg, Pa,, Westinghouse Ma-
chine Co.

Richter, A. W., B. 8. M. K., '89; M. E., 91, Madison, Wis., Prof. of Ex-
perimenting Engineering, U. of W.

Rickerman, F. H., B. S. 1. E., *06, Madison, Wis., Testing Dept., North-
ern Electric Co.

Ripley, R. R., B. 8. M. K., '06, St. Louis, Mo., La Clede Gas Co.

Robertson, I.. B., B. 8. M. E., '06, Joliet, I11., Ilinois Steel Co.

Robinson, Geo. P., B. 8. E. E., '96, San Francisco, Cal., Traffic Manager,
Pacific Coast Telegraph & Telephone Co.

Robinson, R. F., B. 8. K. L., '05, St. Louis, Mo., Union Light & Power
Co.

Rodenbaeck, G. A., B. S. K. K., 05, Boston, Mass., Asst., Mass. Tnst. of
Technology.

Rogers, W. A., B. 8. C. ., ’88; C. K., '97, 1203 Manhattan Bldg., Chi-
cago, Ill., Vice-Pres., Bates & Rogers Co.

Rollman, A. C., B. S.E. E., 01, 1226 Grand Ave., Milwaukee, Vice-
Pres., Milwaukee Telephone and Mfg. Co.
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Rood, C. M., B. 8. M. K., 05, Seattle, Wash., Sec’y Y. M. C. A., U. of
‘Wash.

Rosenstengel, R., B. 8. E. E., '94, Stillwater, Oklahoma.

Rosenstengel, Wm. R., B. S. M. k., 87, 479 Laurel St., Buffalo, N. Y.,
Ilec. Const. Engr., McCarthy Bros. & Ford.

Rosier, I. B., B. 8. E. K., 06, Chicago, Ill., Operating Dept., Chicago
Telephone Co.

Ross, H. H., B. 8. E. E., '96; B. 8. C. E., '97; Cleveland, O., Asst. Engr.,
L. S. & M. 8. R. R.

Rossing, A. H., B. S. C. K., '06, Argyle, Wis.

Rote, A. F., B. 8. Met. E., '82, Monroe, Wis., Lumber Dealer.

Rowe, W. A., B. S. E. K., '04, Platteville, Wis.

Rowe, W. J., B. 5. E. E., 03, Chicago, T1l., Chicago Kdison Ce.

Rowell, L. D., B. 8. E. L., ’01, Milwaukee, Wis., Klect. Engr., Cutler
Hammer Cluteh Co.

Rowley, F. B., B. S. M. E., 05, Madison, Wis., Graduate Scholar
U. of W.

Rueping, L. H., B. 8. . ., 03, Omaha, Neb , Omaha Gas & Eleet. Co.

Ruka, F. W., B. 8. E. E., '96, Boscobel, Wis., Ruka Bros. Mfg. Co.

Rumsey, S. 8., B. 8. C. E., 97, 610 Wolvin Bldg., Duluth, Minn., Asst.
Mech. Engr., Oliver Mining Co.

Russell, W. S., B. 8. M. I, '06, Schenectady, N. Y., American Locomo-
tive Works.

Sacket, W. H., B. 8. C. E., '06, Coast Extension, C., M. & St. P. R. R.

Sanborn, J. N., B. 8. M. K., '81; C, E. '84, Marshall, Tex., Master Me-
chanie, Texas Southern Ry.

Sanborn, R. A., B. 8. E. ., 01, Richland Center, Wis., Freeborn &
Sanborn.

Sands, E. ., B. 8. C. L., '00, Washington, D. C., Engr., U. S. G. S.

Saridakis, F. J., B. S. M. K., '05, Milwaukee, Wis., Manual Training
Dept., West Div. H. S.

Saubert, H. M., B. 8. M. K., 06, St. Louis, Mo., La Clede Gas Co.

Saunders, A. B., B. 8. M. K., 02, 416 S. Grand Ave., Los Angeles, Cal.,
Engineer with Pacific Electric Co.

Saunders, H. J., B. S. C. E., '03, Omaha, Neb., Engineer in Charge of
Terminal Improvements, U. P. R. R.

Savage, J. S., B. S. C. B.,, ’03, Washington, D. C., Asst. -Engr.,
Reclamation Service, U. S. G. S.

Sawyer, A. R., E. E., 96, Lansing, Mich. , Prof. of Physics and Elec.
Engineering, Michigan Agricultural College.

Sawyer, W. P., B. 8. G. E., ‘05, Chicago, Ill., Draftsman, Bridge Dept.,
L. C. Ry.

Schafer, Otto, B. 8. C. E., '98, Minneapolis, Minn., C., M. & St. P. Ry.

Schapper, Kurt, B, S. M. E., 02, 1832 Arlington Pl., Chicago, Tll., En-
gineer.

Schattschneider, S., B. S. C, E., '05, Washington, D. C., U. 8. Coast and
Geodetic Survey. .

Scheiber, A. V., B. S. E. E., '99, Oran, Mo., Mgr., Independent Tele-
phone Exchange.
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Schildhauer, E., B. 8. . E., 97, Washington, D. C., Electrical Engi-
neer, Panama Canal, Sec¢’y Minerallae Co.

Schmidley, Wm. R., B. 8. . E. ,’05, St. Louis, Mo., Union Elec. Light
and Power Co.

Schmidt, C. J., B.S. E. E., '97, 1450 Monadnock Blk., Chicago, Ill., Pat-
ent Attorney, with Chas. A. Brown.

Schmidt, F. E., B. S. C. E., 00, 220 Broadway, New York City, Asst.
liditor, Engineering News.

Sehmidt, W. F., B. S. E. ., 05, Chieago, Ill., Chicago Edison Co.

*Schroeder, A. T., B. 8. C. ., ’86, 31 W. 33d St., New York City, At-
torney.

Schroeder, F. A., B. 8. E. E., '99, Johnstown, Pa., Cambria Steel Co.

Schuchardt, R. F., B. 8. E. E., '97, 139 Adams St., Chicago, Il1., Elee.
Fngr. in Testing Laboratory, Chicago Kdison Co.

Schulz, A. G., B. 8. C. E., *15, Porterville, Cal., Pres., Schulz Hard-
ware Co., and Porterville Lib. Co.

Schneider, H. C., B. 8. M. E., 98, Evansville, Wis., Supt., Baker Mfg.
Co.

Schwender, H. G., B. 8. E. E., '04, 520 Walnut St., Milwaukee, Wis.,
Milwaukee Telephone Co.

Scott, A. C., B. 8. E. E., '02, Austin, Tex., Prof. of Elec. Engr., Univ.
of Texas.

Scott, G. A., B. 8. E. E., '02, 244 T—60th St., Chicago, Tll., Testing
Dept., Chicago Edison Co.

Scott, H. H., B. S. E. ., 96, 60 Wall St., New York City.

Seaman, Harold, B.S. E. E., 00, 690 Prospect Ave., Cleveland, Ohio,
Engr. Electric Storage Battery Co.

Seaman, Irving, B. S. E. E., '03, Marquette Bldg., Chicago, Ill., Elee-
tric Storage Battery Co.

Servis, F. A., B. 8. E. E,, '04, E. Pittsburg, Pa., Westinghouse Electric

Co.
Severson, Harry A., B. S. C. E., '01, Rockford, Iil., Sec’y., Barber Col-
man Co.

Seymour, M. E., B. S. E. E., '98, 39 Curtis Ave., Wallingford, Conn.,
Constr. Engr., General Electric Co.

Seyton, H. J., B. 8. C. E., 05, St. Joseph, Mo., Main. of Way Dept., C.
B. & Q. Ry-

Shadboldt, I.. J., B. S. E. I, ’06, La Crosse, Wis., Vogt Telephone Co.

Shealy, E. M., B. S. E. E., '04, Madison, Wis., Inst. in Steam Engr.,
U. of W.

Sheldon, S. R., B. S. E. L., 94, Moscow, Idaho, Prof. Elec. Engineering,
Univ. of Idaho.

Shelton, A. W., B. S. C. K., '83, Rhinelander, Wis., Lawyer.

Sherron, F. J., B. S. G. E., 05, Elwood, Ind., Amer. Tin-Plate Co.

Short, F. J., B. S. M. E., '97, Grove City, Pa., Prof. of Civil and Mech.
Engr., Grove City College.

Shortt, J. M., B. S. C. E., '89, 1251 Madison Ave., Indianapolis, Ind.,
Estimating Engr., Moelke-Richards Iron Works.
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Shuster, J. W., B. S. E. E., ‘99, Madison, Wis., Asst. Prof. of Elec.
Engr., U. of W.

Simmons, Geo. M., B. 8. E. E., '05, Chicago, Ill., Engr. Dept., Metro-
politan West Side Elevated Ry.

Silber, K. D., B. S. E. E.,’94, Woman's Temple, Chicago, Tll., Wheeler,
Silber & Isaacs, Attorneys.

Sinz, Edw. F., B. S. C. ., 05, Empere, Panama, Panama Canal Ser-
vice.

Sloan, W. I., B. 8. . E., '04, 360 W. Jackson St., Chicago, Ill., Testing
Dept., Chicago Edison Co.

Smith, A., B. 8. 5. E., "98, 203 Washington St., Chicago, Ill., Supt. of
Construction, Chicago Telephone Co.

Smith, A. L., B. 8. E. E., '93, Wauwatosa, Wis., A. I. Smith Co.

Smith, F. H., B. S. C. E. '91, Monadnock Bldg., Chicago, Ill.,, Engr.,
with Gen. Elec. Co.

*Smith, H. A., B. S. E. E., '98, Hoboken, N. J., D. L. & W. Ry.

Smith, H. B., B. 8. Met. K., '85, Colton, Cal., Cashier, First National
Bank.

Smith, J. E., B. 5. C. i, 04, Milwaukee, Wis., care of Chief Engineer,
Wisconsin Central Ry.

Smith, John A., B. 8. M. K., 05, Chicago, Ill.

Smith, L. L., B. 8. E. E.,’06, Madison, Wis., Graduate Scholor, U. of W.

Smith, .. 8., B. S. C. I., "90; C. K., 95, Madison, Wis., Asst. Prof. of
Topographie and Geodetic Engineering, U. of W.

Smith, P. 8., B. 8. E. E., 98, Chicago, Ill., Kellogg Switchboard & Sup-
ply Co.

Smith, R. T., Jr., B. S. C. E., "02, 324 Roland Ave., Roland Park, Balti-
more, Md., Draftsman, Diederich & Harvey Machine Co.

Smith, S, T., B. 8. C. K., '00, 707 Jonnson Bldg., Los Angeles, Cal., Real
Estate.

Smith, W. H., B. S. G. . '06, Pittsburg, Penn.

Sorem, A. J., B. 8. C. E. '06, Madison, Testing Dept., Northern Elee-
trie Co.

Spalding, W., B. S. E. E. '03, Highland Park, Il1l., Designer Motive
Power, C. & N. W. Ry.

Spenece, H., B. 8. E. E., "98, 1353 Kane St., La Crosse, Wis., Principal,
Sth Distriet School.

Spencer, R. C., Jr., B. S. M. E. ’86, 17 E. Van Buren St., Chicago, Il.,
Architect.

Spindler, Max H., B. 8. C. Ii., '98, 49 Breck Ave., Cleveland, O., Os-
borne Mfg. Co.

Staack, J. G., B. S. C. E., '04, Washington, D. C., U. S. G. S.

Stanchfield, B., B. S. M. E., '94, Fond du Lac, Wis., Mech. Engr., Fred
Reuping Leather Co.

Stanchfield, G. H., B. S. C. E., 92, Fond du TLac¢, Wis., Engr.

Starks, S. P., B. 8. M. K., '02, Madison, Wis., Starks-Levis Land Co.

Stevens, C. H., B. S. C. E.,’02, Arapahoe Agency, Wyo., Asst. Engr., C.
& N. W. Ry.
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Stevens, H. T., B. 8. C. E., ’03, Tomah, Wis.,.Consulting Engineer, in
Private Practice.

Stevens, J., Jr., B. S, M. 5., '89, 842 College Ave., Appleton, Wis.,
[.oans and Insurance.

Stewart, A. ., B. S. K. £, '04, Elyria, O., Dean Electric Co.

Stewart, J. A., B. S. F. I., '04, Milwaukee, Wis., Chief Drafsman, Wis.
Tel. Co.

Stewart, B. W., B. 5. C. E.., '99, 1411 B-P St., Sacramento, Cal., Road-
master, Southern Pacific Ry.

Stieler, F. C., B. S. 14, K., '02, 427 South Ave., Wilkinsburg Station,
Pittsburg, Draftsman, Westinghouse Electrie Co.

Stillman, F. ¢, B. S. M. K., '04, Hibbings, Minn., U. S. Steel Corp.

Stock, Harry, B. S. C. I5., 06, Madison, Wis., Draftsman, D. W. Mead.

Stockman, L. R., B. S. C. K. '02, Washington, D. C., Asst. Engr., U. S.
R. S.

Stone, M. B., B. 8. C. K., '00, Minneapolis, Minn., Engr., with A. Y.
lszwnv & Co., Contractors.

Strait, . N., B. 8. E. I&., 06, Milwaukee, Testing Dept., National Elec-
tric (<o.

Sturtevant, H. B., B. S. C. L., '80; C. E., '8, Duluth, Minn., Mgr. of
Mines for Rogers, Brown & Co.

Sunderland, I. C., B. 8. C. K., '0Z, Detroit, Mich., Asst. Engr., U. S.
Great Lakes Survey.

*Sustins, W. A., B. S. M. L., '06, Chicago, Ill., Apprentice, Western
Klectrie Co.

Swan, G. D., B. S. E. E., '05, Chicago, Ill., See. Y. M. C. A., Chicago
Univ.

Swaty, D. Y., B. 8. C. E., '98, 1116 Union Station, Pittsburg, Pa., Asst.
Fngr., Penn. Lines West of Pittsburg, Northwest System.

Swenson, M., B. S. Met. E., '80; M. S., '83, Madison, Wis., Pres. Wal-
burn-Swenson Co., Chieago, Ill.; Mgr., American Cotton Co., New
York City; Regent U. of W.

Swenson, B. V., E. ., ’01, 114 Liberty St., New York City, Sec. Amer-
ican Htreet & Interurbq.n Ry. Assoc.

Sweet, J. F., B. S. M. L., '93, 285 Farwell Ave., Milwaukee, Wis., De-
signer and Asst. Supt., The Browning Mifg. Co.

Swinburn, E. D., B. S. M. E., '88, 371 120th St., New York City, Elec.
Engr., National Biseuit Co.

Taylor, J. C., B. 8. E. E., '01, Salt Lake City, Utah, Engr., Mine &
Smelter Co.

Terhorst, Steve, B. S. E. K., '06, Milwaukee, Wis., Engineering Dept.,
‘Wiseonsin Telephone Co.

Terrel, E. E.,, B. S. C. E., 04, 1016 2d Ave., S. aneapohs, Minn.,
Roadway Dept., G N Ry.

Terven, L. A., B. S. E. E., ’02; E. E., '04, 145 E. Madison St., Chicago,
111., T‘lect.rlcﬂ.l Engmeer.

Tessier, L. F., B. 8. M. 1., '93, De Pere, Wis., Supt., De Pere Elec.
Light & Power Co.
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Thompson, J. R., B. S. Met. ., '81, Ironwoed, Mich., Gen. Mgr., New-
port Mining Co.; also Thompson-Greer Co., Mining Machinery,
Chicago, Ill.

Thon, G. L., B. 8. C. E., '05, 685 Monroe St.. Chicago, Ill., with J, W.
Alvord, Consulting Kngineer.

Thorkelson, H. J. 3., B. S. M. K., 98, Madison, Wis., Asst. Prof. of
Steam Iingineering, U. of W.

Thorkelson, W. L., B. S. M. k., 02, Racine, Wis., with Racine-Sattley
Co.

Thorkelson, M. W., B. 8. C. ., '04, Black River Falls, Wis.

Thorne, J. G., B. 8. C. L., 08, Superior, Wis., Resident Fngr., Wiscon-
sin Central R. R.

Thorp, G. G, B. 8. M. I&,, '91, The Rookery, Chiecago, Ill., 2nd Vice-
Pres., T1l. Steel Co.

Thwing, C. C., B.S. E. E., '06, Chicago, Ill., [nspector of Materials,
Chicago Telephone Co.

Thygeson, N. M., B. 8. Met. I\, "85, Despatch Bldg., St. Paul, Minn.,
Lawyer, Munn & Thygeson.

Thuringer, C. B., B. 8. €. k., *93, 345 . 33rd St., New York City, Asst.
Engr., Penn.,, N. Y. & L. I. B. R.

Tibbitts, H. L., B. S. C. 1., '94, 814 Wells Bldg., Milwaukee, Wis., Secy.,
Tibbitts-Cameron Lumber Co.

Townsend, H. I, B. 8. . L., ’01, 1115 Clarence Ave., Oak Park, Ill.,
Telephone Engineer with Western Electric Co.

Townsend, J. R., B. 8. B. E., ’04, Youngstown, Ohio, Electric Supply
Co.

Trautman, G. H., B. 8. M. E., '96,. 2667 N. Hermitage Ave., Ravens-
wood, Chieago, T1l., Asst. Supt. of Inspection, International Har-
vester Co.

Treber, A. P., B. 8. E. K., 04, St. Louis, Mo., La Clede Gas Co.

Trestler, A. M., B. S. C. E., 06, Madison, Wis., Draughtsman, D. W.

Mead.

Trippe, H. M., B. S. C. E., '96, Whitewater, Wis., Resident Engr., C.
& N. Ry.

Trowbridge, J. B., B. 8. C. K., '76, Hayward, Wis., Physician and Sur-
geon.

True, E. B., B. 8. E. E., '96, 701 Jackson St., Peoria, I1l., Shop Fore-
man, Peoria Gas & Elee. Co.

Tubesing, W. F., B. 8. C. E., '05, Cincinnati, Ohio, Ferro Conerete Con-
struction Co.

Turner, J. M., B. 8. C. I&., 77, General Delivery, Central Station, Chi-
cago, Ill., Pres. and Gen. Mgr., Wis. Outing Club.

Turner, P. B., B. S. K. I, '05, 1631 Orrington Ave., Evanston, I1l., with
North Shore Elec. Co.

Uehling, O. C,, B. 8. C. E., 90, Wells Bldg., Milwaukee, Wis., Archi-
tect, Uehling & Linde.

Uihlein, W. B., B. 8. M. K., 04, Milwaukee, Wis., Schlitz Brewing Co.,

Updegraff, M., B. S. C. K., '84; M. 8., '86, Washington, D. C., Astron-
omer, U. S. Naval Observatory.




200 The Wisconsin Engineer.

Van Hagen, A. E., B. S. E. E., ’06, Chicago, 111., Engineering Dept.,
Chicago Tel. Co.

Van Hagen, L. T., B. 8. C. E., '04, Mexico City, Mex., Engr. Dept., In-
teroceanic R. RR.

Van Hise, C. R., B. 8. M. E., "19; M. 8., ’82; Ph. D, 92, Madison, Wis. ,
Pres. University of Wisconsin.

Van Hook, W. A., B. S. C. E., 06, Instrumentman, Construction Dept.,
C. & A.R. R.

Van Ness, L. G., B. 8. E. E., ’96, Memphis, Tenn., Manager, Merchants’
Light and Power Co.

Van Ornum, J. L., B.S. C. E., '88; C. K., '91, “Clayton,’” St. Louis, Mo.,
Prof. of Civil Engr., Washington Univ.

Vaughn, F. A,, B. 8. K. B, 195, Milwaukee, Wis., T. M. E. R. & L. Co.

Vea, F. J., B. 8. M. E., '01, Stoughton, Wis., Pres., Stoughton Wagon
Jo.

Vinson, A. W., B. 8. M. E., 05, Milwaukee, Wis,, Wis. Tel. Co.

Wachtman, F. L., B. 8. M. E., 06, Chicago, T1l., Western Electric Co.

Wade, C. G., B. 8. M. I, '84, 346 1st Ave., Wauwatosa, Wis., Consult-
ing Engr.

Wagle, 0. 0., B. 8. E. E., '05, Valley City, Nor. Dak., Engr. for Valley
City St. & Interurban Ry Co.

Wagner, R. T., B.S. E. E., 05, Schenectady, N. Y., Gen. Elec. Co.

Waldo, G. 1., B. S. M. K., '85, 1234 Monadnoek Bldg., Chicago, IlL.,
Patent Lawyer.

*Waldo, M. A., B. S. M. E., ’84, 226 3rd Ave., Leavenworth, Kan., Mo.
Bridge & Tron Works.

Wales, C. M., B. 8. M. E., ’85, 11 Broadway, New York City, Mgr., N. Y.,
Office. Cleveland City Forge & Iron Co.

Walsh, A. J., B. S. E. E., '06, Des Moines, Ia., Des Moines Gas and
[Blectric Co.

Walter, R. G., B. 8. C. K., 05, 909 Paradrone Ave., Cincinnati, Ohio,
with Ward Baldwin, Consulting Engr., Commercial-Tribune Bldg.

Warner, H. M., B. S. C. E., '04, Pittsburg, Pa., P. C. C. & St. L. Ry Co.

*Warner, H. R., B. 8. M. E., "98, Ontario, Canada.

Warner, F. D., B. 8. M. Ii., '96, Lewiston, Idaho.

Warner, M. ., B. S. K. E., 95, 400 West 23rd St., New York City, En-
gineer, Repair Dept., National Elevator Co.

Warren, W. £, B. 8. E. 1., '06, Operating Dept., Chicago Tel. Co.

Washburn, F. ., B. S. C. 1., 01, 1750 Monadnock Bldg., Chicago, Ill.,
with Ralph Modjeski.

Wassmansdorf, O. F., B. 8. C. E., 00, Lewiston, Mont., Deputy U. S.
Mineral Surveyor.

Wasweyler, . W., B. 8. M. 15, ’85, 520 Fifth Ave, Milwaukee, Wis.,
President and Gen. Mgr,, Milwaukee Brass Mfg. Co.

Watson, C. T., B. 8. C. &, '04, Milwaukee, Wis., Asst. Ingr. Wis.
Cent. Ry.

Watson, J. W., B. 8. . £, 02, Madison, Wis.,, Instr. in Elec. Engr.,
U. of W.
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Weber, I. C., B. S. K. E., 03, Plattsmouth, Neb., Mgr. Plattsmouth
llec. Light Co.

Wedemeyer, A. A., B. S. M. E., '03. Galena, [1l., Galena Iron Works.

Weed, L. B., B. 8. C. ., '00, Sunrise, Wyoming, Supt., Sunrise Mines.

Weld, H. K., B.S. G. 5, 05, 203 Washington St., Chicago, Ill., Engr.
Dept. Chieago Tel. Co.

West, A. J., B. S. M. E., 87, Pittsburg, Pa., Westinghouse Mach. Co.

Wetzler, W. W., B. S. C. E. ’06, Madison, Wis., Draughtsman, D. W.
Mead.

Wharry, M. E., B. S. M. K., 05, Madison, Wis., Gisholt Machine Co.

‘Wheeler, Wm. S., B. S. M. K., '05, New Castle, Pa., Engr. Dept. Penn.
Engr. Co.

Wheeler, R. A., B.S. G. K., 06, Milwaukee, Wis., Inspector, Wisconsin
Telephone Co.

Whelan, J. A., B.S. C. I, 'T7, Hartford, Wis., Junior ingr., Milwaukee
Dist., River & Harbor Improvements.

‘Whinery, R. H., B. 8. C. K., 05, 306 10th St., Minneapolts, Minn., Sani-
tary lingr. for Minn. State Board of Health.

Whitby, G. N., B. 8. C. E,, 04, St. Paul, Minn., M. of W., Dept., G. N.
Ry.

Whiting, M. A., B. S. I[I. 12, '04, Schenectady, N. Y., Engineer, Testing
Dept., General Elect. Co.

*Whittmore, H., B. S. M. I&,, Clairmont, N. H., Asst. Supt. of Sullivan
Machine Co.

Whomes, H. R., B. S. M. E., '00, 1833 W. 116th St., N. W., Cleveland,
Ohio, Mech, Engineer, National Carbon Co.

wild, . C., B. 8. C. K, '06, Madison, Wis., Draughtsman, D. W. Mead.

Wiley, R. R., . E.,’98, Petersbiorough, Ont., Packard Illect. Co.

Williams, C. H., B. 8. M. K., '96; M. E., ’00; . I, 04, La Crosse, Wis.,
Gen. Mgr. Wis. Light & Power Co.

Williams, L. A., B. 8. M. E., 00, 1450 Monadnock Bldg., Chicago, 111,
Patent Attorney.

Williams, W. H., B. 5. I&. K., '096, Charles City, lowa, Sales Manager,
Hart-Parr Co.

Williams, L. D., B. S C. Ii, '01, Madison, Wis., Instr. in Civil Engr.,
U.of W,

Williamson, . I.., B. S. C. 1., '00, Riverside, Cal., Riverside Trust Co,

Willisen, C. D., B. S. L. E., '05, 207 8. Leavitt St., Chicago, Ill., with
Chieago Tel. Co.

Willson, F. G., B. 8. E. I5., ‘03, Urbana,. I1l., Asst. at 1J. of Ill.

Wilson, 15. 1., B. 8. M. 1&, '84, 161 I, Randolph St., Chicago, Ill., Me-
chanical Kngineer and Patent Solicitor.

Wilson, John, 3. 8. C. ., 03, Charlson, N. D.

Wise, P. L., B. 8. C. 1%, '88, 434 Shawance Ave., Topeka, Kan., Locat-
ing lingr., 0. R., C &. N. Co. of Portland, Ore.

Wolter, B. B., B. 8. . k., "75. Appleton, Wis.

Wood, H. H., B. S. M. K., '01, Stoughton, Wis., Stoughton Wagon
Works.
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Wood, W. W., B. S. C. E., "76, Rushvilie, Neb., Attorney.

Woodward, W. T.., B. 8. M. &, '94, 1011 Wells Bldg.. Milwaukee, Wis.,
Lawyer.

Worden, . P., B. 8. M. E., '92, 359 Kane Place, Milwaukee, Wis., Mech
lingr., 'red M. Prescott Steam Pump Co.

Worden B. T., B. 8. C. 15, '93, 376 Kane Place, Milwaukee, Wis., Pres
Worden-Allen Co., Struetural Iron Works, Milwaukee. Wis.

Woy, F. I”., B. 8. 5. [, '03, 43 Exchange Place, New York City, J. G.
White & Co.

Wray, Edw., B. 8. C. E., '05, 56 Wall St., New York City, J. G. White
& Co.

Wray, J. G., B. S. 1. K., 03, 203 Washington St., Chicago, Ill., Chietf
Iingr., Chicago Telephone Co.

Wright, A. K., B. 8. C. L., *06, Detroit, Mich., U. 8. L. S.

Wulfing, H. 1., B. S. 5. 5., ‘05, Chicago, I1l., Westinghouse Ilectrical
Manufaeturing Co.

Young, . W., B. 8. . k., '02, 510 Marquette Bldg., Chicago, Ill.,
Associate Editor, Western Electrician.

Youngblutt, F. C., B. 8. C. E., '06, Middleton, Wis.

Zadel, M. B., B. S. E. K., 98, Chicago, I11., Sales Mgr., Am. Elec. Tele-
phone Mfg. Co.

Zeramba, I., B. S. C. 1., '04, Chicago, 111,, Am. Foundry & Mach. Co.

Zimmermann, C. [., B. S. . K., '03, Buffalo, N. Y., with Carborundum
Co.

Zimmermann, J. G., B. S. C. E., '04, Milwaukee, Wis., Mgr., Elec. Ve-
hicle & Supply Co.

Zimmermann, O. B., B. 8. M. K., '96; M. ., *00, Charles City, lowa,
Mech. Engineer, Hart-Parr Mfg. Co.

Zinke, P. ., B. S. K. I£., 04, 1420 Grand Ave., Milwaukee, Wis., Wis.
Telephone Co.

Zinn, W. A., B. 8. M. Ii., '98, 3021 McKinley Blvd., Milwaukee, Wis.,
Malting Co.

Zwietusch, 1. O., B. S. M. K., '86; M. E., ‘88, Salzufer, Charlottenburg,
Germany, lllec. Engr., Petsch, Zwietuseh & Co., Telephon-Appart-
Fabrie.
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THE BIG STORE

OLSON ¢ VEERHUSEN

We do the largest high grade Tailoring, Clothing
and Furnishing business in the Northwest

THERE’S A REASON

WE DELIVER THE GOODS

Telephone

Main

551

Electrician

and...

Mechanic

The only Magazine Published
Covering the Amateur
Electrical Field

Essentially a Magazine of Instrue-
tion telling how to make and do
things.

Articles on Ilectrical KEngineer-
ing, Construction of Apparatus, the
Amateur’s Workshop, Photography,
Wood and Metal Working, ete.

Write for a Free Sample Copy.
Subscription price only
50cC per year,

W. E. Sampson Publishing Co.
6 Beacon St., BOSTON, MASS.

= )MANDEL

Engraving Company

Engravers and
Designers for
all Purposes

Cawker Bldg., Milwaukee. Wis,

We lead the Northwest
In Quality and Service.

We invile comparison; be sure and
WRITE US.

is given the wearer
of a suit made by §

There’s that style §
about it that |
stamps the gar-d
ment as the pro-
duct of the tailor

who is up-to-the minute. May I display
for your inspection the latest novelties in
the season’s tabrics?

I am at my room, 717 State St.,

Madison, Wis., every Friday
after 10 a. m.

91 WISCONSIN §
897 MILWAUKEE REET

Please mention the Wisconsin Engineer when you write.
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We Have Everything to Supply the

Draughtman’s Needs

DRAWING PAPERS,

TRACING CLOTHS,

TRACING PAPERS,
BLUE PRINT PAPER,
PROFILE PAPER, ETC,

STEEL TAPES,

CALCULATING RULES,

PARALLEL RULES,
PANTAGRAPHS, ETC,

Acents for the Two Best Instrument Makers in the Country:

FEugene Dietzgen & Co.
Keuffel & Esser Co.

O NEW YORK.

A COMPLETE ASSORTMENT OF INSTRUMENTS ALWAYS IN STOCK.

We give Special Attention to Mail Orders.

It will be to your interest to drop us a line.

University Co-operative Co.

504-506 STATE ST.
MADISON, WISCONJSIN.

Please mention the Wisconsin Engineer when you write.
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INVENTOR

— (THE GOULD COMPANY,

MONTHLY MAGAZINE

FOR EVERYBODY 22 and 24 N. Canal Street,
Contains the latest information CHICAGO.
ELECTRICITY
ENGINEERING
MANUFACTURING Manufacturers of
CHEMISTRY

INDUSTRY : 'f
B Triplex and Centrifugal
Regular Departments
HINTS TO INVENTORS POWG]’ Pumps
LATEST INVENTIONS
LEGAT, DECISIONS IN PATENT
CASES

Iron Pumps for every service,
Well Points and Well Supplies.
Send 10 cents for the current num-

ber, and we will send you free —_—
our booklet
SYHOW TO SELL YOUR PATENT,” Wood Pumps, Pipe, Fittings, Brass goods,

Lﬂose, Belting, Packing and Mill Suppliey

90 Broad Street, BOSTON, [MASS.

Inventor’s Exchange %

GRINDING
WHEELS

in all sizes and
degrees of
hardness made of

ALUNDUM

The latest and
best abrasive.

NORTON
COMPANY

Worcester, Mass.
Niagara Falls
New York
Chicago

UNIFORM

11

A POPULAR CLUB

THE STUDENTS’ AND DRAFTS-
MEN’'S LIBRARY CLUB

If you wish to take advantage of the SPECIAL TERMS it offers for
securing an Architectural or Technical Library on SMALL MONTHLY
PAYMENTS, write for particulars and list of books offered. Send for
Catalogue and Sample Copy of the Architect’s and Builder’s Magazine.

WILLIAM T. COMSTOCK, Publisher
23 Warren Street, New York
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There,s a ReaSOH — WHY
We print “The Engineer”

TRACY, GiBBS & Co.

Good Printing

The Best Place

IN THE STATE

To Buy

UP-TO-DATE, DEPENDABLE

Furniture

Our specialty is handling the
samples which are shown at
the semi-annual Furniture Ix-
hibition at Grand Rapids, Mich.
We buy these samples at dis-
counts, ranging from 20 to 40%.

We Save You 14

Klingman’s Sample
Furniture Company
Wisconsin & Jefferson Sts.

Opposite Pfister Hotel
Opposite Post Office

MILWAUKEE, WIS,

Let Us Call for
Your Clothes

and deliver them pressed
and cleaned in fine order.
We do careful painstaking
work at moderate prices,

Just give us a trial.

Call up Bell 1500 or
Standard 3255

THE

Cardinal Steam Dye Works

623 University Avenue

MADISON, WIS .

Please mention the Wisconsin Engineer when you write.
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TH,EWE&UB "FAMOUS

with the....

YOUNG MAN

Because we aim to reduce the
matter of merchandising, so |
far as Clothes and Shoes
are concerned, to a science.

£

Have you been in to
see us? If not, stop
i, instead of going
down town for some-
thing good. We have
the best candy and
serve the best refresh-

St@il’l"BlOCh Cl()tl'les i ments in the ecity.

Merely give us a trial

Stacy—Adams ShOGS - 21(::11..\-011 will be satis-

are the products of the highest 4
priced ‘‘engineering’ skill—in
their respective fields.

405 State St. MADISON

s

. A. RIDGEWAY

A — Photograpbher

EXPERIENCE

[PATENTS

TrADE MARKS
Desicns
COPYRIGHTS &cC. o= - - S
Anyone sending a sketeh and description may
quickly ascertain our opinion free whether an
invention is prohably patentable. Communica-

tions emcth; g«)ntti(lenti.atl IHANDBUUK on ll’ utenr.s G T ™
sent free. Gldest agency for securing patents. |
Patents taken through Munn & Co. recelve 0 O d 1 ! l ngs

special notice, without charge, in the

Scientific American, to F.at

A handsomely illustrated weekly. T.argest cir-
culation of any smemiﬂo ournal. Terms, §3 a
year; four months, $1. Sold by all newsdealers,

MUNN & Co,3s1eroamwar. New York at

Branch Office, 625 F St., Washington, D. C.

17 W. Main Street
MADISON, WIS.

See me for PRICES before plac-
ing Senior Work,...

KEELEY’S
The Pal

Please mention the Wisconsin Engineer when you write.
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Go To

THOMAS

For Fine Photographs
of all Rinds

Photos taken at night by appointment.
Groups Unexcelled.
MADISON, WIS,

If you wish an enjoyable evening
and a little recreation, go to the

Park
Bowling Alleys

We also have the best prices on
the Best Cigars in the city

MADISON, WIS.

As good

as Cassier's

Engineering Literature

has been a by-word in

CASSIER'S MAGAZINE
COSTS $3.00 PER YEAR

THE
CASSIER MAGAZINE CO.

3 West 29th St, New York City

Why go around
with baggy
clothes?

Stop and have a crease put
in your trousers that will
last two weeks. Give us a
trial; you will be satisfied.

JOE HORALEK

815 University Ave, Madison

The Name

CURTISS

Stands for that which is BEST
in the Photograph Line

F. W. CURTISS

Wisconsin Block MADISON, WIS.

Are You Thinking
of Advertising?

Address Business [lgr.,
Wisconsin Engineer

Please mention the Wisconsin Fngineer when you write.




: '\




| cochrane HEaTER |

~ PUMPING HOT WATER
) :’frdh_l Q'Gob{zr@g’e;ﬂedtefi_'_ s
IS JUST AS EASY AS ROLLING OFF A LOG.

Some engineers are disinclined-to use an ‘‘open’’ heater because of
the trouble which they or their friends have had in gettirg their pumps . '
to handle water at a temperature of over 150° or 160°. Now a COCHRANE' . |
HeaTER will deliver water close t0 212°, and it is AN ;

. JUST AS EASY

_ to put water at this temperature into boilers as it is to feed cold water—
| ‘and think of the 'S&Viﬁ% as well as the advantages to the boilers, of &
 right hot feed which wi 1
! EVERYTHING IN KNOWING HOW.
" We can put you onto all of the little "“kinks’’ of how to do it without. '
trouble, ahd without expense, for you must remember that we have the
‘experience that came from installing millions of horse power of these.

“COOHRANES,” which are running satisfactorily day after day. G
If anyone interested in the subject will take the trouble to write us,

do away with contraction and expansion strains! o

stating just how he has connected up his pump, or asking us howto,

pump hot water, we will take pleasure in telling him, but he runs the :
risk of hearing something about the good points of our i -

 COCHRANE HEATERS.
A ‘HAn'lu'sqsf SAFETY _noiLEn.woﬁKs[
3176 N. 17th'St.,, [ . Philadelphia, Pa,
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