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SIR HENRY BESSEMER.

An extract of a lecture delivered before the students in the
College of Engineering of the University of Wisconsing
J anuary, 24, 1902.

BY ROBT. W. HUNT, M. AM. SOC. C. E.

A country may be very fertile, and possess the beauties of
well cultivated fields, capacious barns and comfortable farm-
houses, but if without striking characteristics of landscape, it
will not impress itself upon the traveler’s attention or memory.
So it is with human character. Even-going, constant endeavor,
if confined to well accepted lines, may no doubt bring greater
happiness to the individual and those associated with him, but it
requires rougher, abrupter, and more foreible accomplishment,
to make and mark history. No doubt human greatness brings
with it a certain amount of happiness, but of all roses it is sure
to have the most thorns. Trusting this is true, very many of us
can contentedly accept our minor places and render thanks that
we have not been called upon to answer for many talents.

Sir Henry Bessemer’s character was most emphatically of the
picturesque and aggressive type; with his heredity it would have
been remarkable if it had been otherwise. He was born in
Charlton, Hertfordshire, England, on January 19th, 1813. He
was the son of Anthony Bessemer, himself a remarkable man.
Tirmly believing, as I do, in the theory of a mother’s great in-
fluence on the character of her sons, I regret that T am unable to
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tell you of his mother, but I am certain she must have been a
worthy helpmate to her hushand.

We do know that Henry Bessemer’s father was an Enghsh—
man, and that he was taken at an early age by his parents to
Holland, where they made a permanent home. As he grew up,
his natural mechanical bent found opportunity for develop-
ment by his being apprenticed to a mechanical engineer, in
whose employment he took a prominent part in the erection of
the first steam pumping engine built in Holland. Tt was used
in draining reclaimed land near Harlem.

Anthony Bessemer was not only equipped with mechanical
skill, but must have also possessed a brave and adventurous
spirit, for when but twenty-one years old, we find that he emi-
grated from Holland to Paris in search of a broader field of ac-
tion. There his carcer was both romantic and successful. For
a Dutch-Englishman to have accomplished what he did in the
French capital must have required great ability and a tremen-
dous personality. When but twenty-six, his improvements of
the microscope brought him membership in the French Acad-
emy of Sciences. Later he occupied a prominent position in
the French mint. 1t was while here that he invented and ap-
plied a mechanical device tor reproducing carved or engraved
work. As James Dredge says in his monograph of Sir Henry
Bessemer,* this has been wrongly regarded as an invention of
the latter half of the nineteenth century.

Anthony Bessemer acquired riches as well as honors; but the
upheaval of the French Revolution caunsed him to flee for his
life, fortunately being able to make his escape even after im-
prisonment. Ie returned to his native England, to which
country he had, with the business foresight which he afterward
transmitted in so large a degree to his son Henry, previously
transferred much of his property. He first settled in London
where he married and soon thereafter moved to Charlton, where
his son Henry was born. At this place he took up the business

* Proceedings American Society of Mechanical Fngineers, Vol. XIX, page
887,
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of type-founding, and formed a partnership with one Caslon.
The Bessemer-Caslon establishment became the principal type
foundry in England, if not the greatest in the world.

T have taken time to thus briefly sketch the career of Henry
Bessemer’s father that you may appreciate the influences sur-
rounding his early years, which had a bearing on his natural
instinets ; for it was in that type foundry that he really received
his education. Tt was more than a mere foundry, having at-
tached to it a machine shop and a die-engraving studio.
Through these he had facilities for, and incentives to, the in-
ventive and artistic talents which he had inherited. ‘

_ Like so many other remarkable men, Henry Bessemer’s active
life began while he was yet a boy in years. - While he was in
his seventeenth year the whole family moved from Charlton to
London, where he at once became busily employed. He had artis-
{ic tastes and skill so based on the knowledge which he had ac-
quired of the art of founding and the characteristics of fusible
alloys, that his first creative and commercial efforts were devoted
to producing art castings in white metal and coating them with
copper. His work merited the attention which it attracted for
both artistic and mechanical excellence. It also possessed in-
ventive features, as Ure’s Dictionary of Arts, Manufactures and
Mines gives him the credit of having been the first to so apply
copper coatings,

Tefore Bessemer was twenty, he was an exhibitor at the An-
nual Fxhibition of the Royal Academy. Naturally the notice
which his work received made him a name and friends.

His next step was the perfecting of power stamping, not only
in metal but also in leather, card and fabrics. He here built up
a commercial business which was financially successful. A
striking feature of Bessemer’s character is that during his whole
career, while a bold inventor, he was a money maker and
keeper.

Tt is highly probable that in these early efforts he enjoyed the
advantage of consultation with his father, whose advice must
have been of great value to him. Anthony Bessemer’s experi-
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ence in the French mint had made him familiar with power
press work and he no doubt gave his son the benefit of it. He
was already married, that happy event having occurred when
he was but twenty-one, and it proved a long and happy union,
as his wife died but a short time before his extended and busy
life ended. But we must remember that while so young in
years when he assumed that domestic responsibility, he was
practically older, as he had really been filling a man’s place since
his sixteenth year, and a person’s age is always a relative propo-
sition.

Bessemer’s success in-embossing led to an event in his life,
which while at the time gave him bitter disappointment, and
would to a weaker man have brought more serious consequences ;
singularly was in after years the cause of his Knighthood.

It is almost the universal impression that he was knighted in
recognition of the steel process which bears his name, but such

" was not the case. Tt came in 1878, when he was sixty-six years
old, as a tardy reward for a service rendered the English govern-
ment about the time of his attaining his majority. The history
of this has been so well told by James Dredge, that I quote: -

. “His productions were found worthy of exhibition at the an-

"nual show of the Royal Academy. Young Bessemer came into

contact with some of the officials of Somerset House, the seat
of the Inland Revenue Department. Tt was notorious at that
time that frauds on the government were perpetrated to an
alarming extent by the repeated use of stamps affixed to deeds.

It was estimated that an annual loss of £100,000 was sustained
from this cause, and to devise a means for entirely putting a

stop to this occupied Bessemer’s attention. It is almost super-
fluous to say that he arrived at a solution by the simplest means,
that of perforating the government stamps with dates. Now that
this evident method has found a hundred uses throughout the
civilized world, to safeguard stamps or cheques, and to divide
postage stamps, being among the most common, it is a little diffi-
cult to realize the importance of this invention. To Besse-
mer it meant, in anticipation, vast things; assured fame, a re-
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taining fee of £600 a year as a government official, and a great
advance on the road to fortune. In reality, it meant nothing,
for though the invention was at once adopted, the official prom-
ises were forgotten, overlooked probably during a political
crisis, and change of government. But whatever the cause, he
pever received any consideration for the large sums he had en-
abled the British Inland Revenue to save. Some forty-five
years later, when he had earned for himself all the fame he
could desire, and when bestowed honors were superfluous, he
was knighted for this invention which had been appropriated
without the possibility of redress, because he had not protected
himself by any patent.”

The next of Bessemer’s commercial ventures seems to have
been in connection with the manufacture of plumbago, or
black-lead-drawing pencils. Great Britain depended until
sometime after 1831 for its supply of plumbago suitable for
such pencils upon a single mine located in Cumberland. This
was of immense value to its fortunate owners, and was closely
guarded and its production limited. It was operated for but a
short time each year, when some 40,000 pounds was taken out.
Then again tightly sealed. This plumbago was bought prin-
cipally by a Jewish syndicate for about ten dollars a pound,
and by them manufactured into pencils. We are told that this
ring was dependent upon an inner one, or the actual cutter of
the plumbago, who with great skill, and with a waste of 60 per
cent. and for some $5 a pound, sawed the brittle material into
thick sticks. The waste realized only 50 or 60 cents a pound,
and the prepared sticks when ready for the cedar wood cases,
were sold at over $20 a pound. No lead pencils with rubber
tipped ends for a cent apiece in those days!

Young Bessemer seized upon the opportunity. He built a
powerful hydraulic press; bought up all the refuse and waste
. plumbago he could find, at about 60 cents a pound. In fact he
made a corner on all the available supply in England. This
he ground, lixiviated, mixed with proper binding material,
and by his powerful hydraulic press, formed into compact slabs
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which were subsequently cut with fine saws into proper sized
sticks, equally as good if not, better than those made direct from
the ore. He could undersell, and so controlled the market.

Probably this was the first instance of artificial lead-pencil
making. It certainly was the first in England. Bessemer
made money out of it, but more than that it brought him in-
creased acquaintance and fame. He subsequently sold his secret
and devoted himself to other matters.

On March 8, 1838, Bessemer was granted his first patent,
No. 7,585, for “machinery for casting type.” The invention
itself proved fairly successful, and a plant was established at
Edinburgh, his brother-in-law, young W. D. Allen, being sent
to superintend its installation.

This is probably the first British patent for casting under
pressure,

The manufacture of “bronze” powder had been a German
secret-monoply. The process of making was carefully guarded,
and the material found a world wide market. It was made from
a cheap material, but the process of making was known to be
long and tedious. To attack such a problem was well suited to
Bessemer’s active mind and energetic body. He had acquired,
more by industry, than through royalties from inventions, quite
an independence for a man under thirty; but this bronze
powder making taxed his patience and finances to the utmost be-
fore he achieved success. But he stuck to it and finally sue-
ceeded both technically and commercially. He took out a patent
in 1843, but in it he gave but an indication of the way, and
nothing of the method of manufacture.

Ag illustrating the analytical character of his mind, and also
his quickness of perception this episode in his career is inter-
esting. He had spent much money, time and labor—built ex-
pensive machinery to crush to an impalpable powder the alloys
which he employed; and obtained a basis for a pigment which
was satisfactory, but it was a failure as a paint, because it had
no brilliancy—in fact not even a suggestion of metallic lustre.
He was almost hopeless, when he happened to call on a Mr. De
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La Rue, the head of a famous stationery house in. London, and a
scientific man, whose acquaintance Bessemer had previously
made in a business way. On this occasion he found him exam-
ining samples of flour and potato starch under a mieroscope, and
he explained that they could be distinguished one from the
other by the form of their respective crystals. That was enough
for Bessemer! Why could not the same thing be used to distin-
guish between his lack lustre powder and the brilliant German ?
The microscope did not fail him, as it showed that his grains
were round and uniform, while the German powder consisted
of very thin flakes of irregular shape.

Therefore the metal must be rolled into the thinnest sheets
and then broken into minute particles, and not ground at all.
So he had the courage to throw away all he had done and at-
tack the problem afresh. This he did successfully, and was en-
abled, of course after more patient labor, to produce an article
costing one twentieth the selling price of the German.

The Germans hammered out their sheets of metal by hand,
as gold foil was produced. Bessemer rolled his by machinery,
and subsequently treated it in an equally rapid and economical
manner.

But as T have said Bessemer was a money maker, and hence
far too shrewd to “spoil” the market, and so simply cut it
enough to enable him to ultimately control it. He was too smart
to expose his method by taking a patent, and was enabled to
successfully conduet the business as a secret process for nearly
forty years; and for quite half of that time the business brought
him enough money to make him independent if not absolutely
rich.

Bessemer entrusted the entire management of the bronze-
powder factory as soon as the business was in successful opera-
" tion to another brother-in-law, Richard Allen.

Of course the German makers were much disturbed by this
attack on their heretofore profitable industry, neither were they
aware for some time from whence it came. As the machinery
of Bessemer’s plant was mostly automatic, he was enabled to
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confine his secret to but a small number of loyal employees.
After the Germans learned the source of the trouble, they were
for a number of years unceasing in their efforts to learn the
secret of the process, but without success, and Bessemer refused
to entertain any commercial negotiations. They watched his
little factory day and night, and resorted to all sorts of strategy
to get inside or to bribe some of the men. Dredge relates that in
after years Sir Henry was fond of telling the result of one such
incident. ' .

A German agent sought to get the information from the old
Scotch engineer of the factory, who promptly reported the mat-
ter {o Bessemer. He told him to tell the German that he had -
sounded the man who had designed all the machinery for the
factory, and he had consented, for a proper consideration, to see
him and give him information. The appointment was made
and the interview held, the faithless designer being ‘Bessemer
himself. After much assumed fear on his, and many promises
of large reward on the part of the interviewer, complete draw-
ings of the machinery were exhibited, and finally copies of them
was permitted to be made. This was joyfully and hurriedly
done. The emissary departed with promises of secrecy and
large rewards. ;

Unfortunately for the Germans, the plans which had been
copied were those representing the abandoned machinery used
in Bessemer’s early and unsuccessful experiments. Some years
afterwards, Bessemer was in the very town in Germany in
which was located the factory from which the deceived agent, -
had come. He was desirous of learning the outcome of his
practical joke, and so called on the manufacturers. His re-
ception answered all of his queries, or if it did not, the fact of -
his being arrested at his hotel a few hours later, on some
trumped up charge brought by these same manufacturers, cer-
tainly did. And the British consul had no little difficulty in
obtaining his release. But Bessemer had his life-long chuckle.

In addition to the several interests already described, Besse-




Sir Henry Bessemer. 117

mer’s ever active mind became busy with other problems, among
which prominently figure the invention of a type setting machine,
the making of an imitation Utrech velvet, the manufacture of
glass, and later sugar. He obtained a number of patents on
these lines, particularly the latter. I believe he did not accom-
plish much in glass making, but some of his sugar inventions
and devices, while now abandoned, were at the time successful.
This lasted up to 1853, and brings us to the time of the Crimean
War. You will recall that was between Russia on the one side
and Turkey, France and England as allies on the other. There
were many failures and bitter disappointments during its prose-
cution, and probably in no one direction greater than the utter
inefficiency of the heavy artillery of the time. This of course
led to many inventions, and prominent among them we find
those of Bessemer. It is interesting to note that the same era
first brought the historic names of Krupp, Armstrong, Pallister,
and Whitworth into prominence.

Probably Bessemer’s most striking artillery invention was a
fully worked out plan of a breechloading automatic gun, using

the force of the recoil to operate automatic apparatus to perform

the functions of opening the breech, loading and firing. The
gun was never built and was intended as a smooth bore, but seems
to have been the first one designed on automatic lines, utilizing
the power of the recoil. This patent was dated August, 1853.
While secking to perfect the designs of heavy cannon and pro- '
jectiles for them, he realized the inadequate strength of the
metals available for the guns. Cast iron and bronze had well
known strength limits, but too low, and another and stronger ma-
terial was necessary.

Now how to obtain a stronger material. Fairbairn had experi-
mented with melting wrought serap iron and pig iron together,
but with only partially successful results, and with evidently a
principal trouble resulting from performing the smelting pro-
cess in direct contact with the fuel, and thus having the metal
absorb the sulphur from it. So Bessemer sought to devise a fur-
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nace in which only the products of combustion would come in
contact with his charge. He built an air furnace with a hearth,
or fire grate proportionately much larger than its erucible or
bath; he also introduced air jets back of the bridge wall, which
separated the burning fuel from the bath of metal. This with
the view of increasing and controlling the combustion. He em-
ployed a bath of metal pig into which he added pieces of blistered
steel made from pure Swedish charcoal iron.

He obtained a patent which may be called the foundation of a
subsequent long series of patents on iron and steel. It was is-
sued January 10, 1855, and entitled “the manufacture of iron
and steel.”

This furnace was built in England, and from it he obtained
some good results, but I expect, also some disappointing ones,
because he said, “some of the samples of metal I produced by
this process were, when annealed, of an extremely fine grain and
great strength,”

He made a small model of a gun from some of the material
which turned up so well, and the turning chips from which were
so ductile, he decided to take it to Paris and show to the Emperor,
who was so favorably impressed that he gave Bessemer permis-
sion to erect a furnace at the government fountry at Ruelle.

Bessemer ordered proper brick from England and arranged
the necessary details. But before its erection an aceidental ob-
servation during the making of a heat in Bessemer’s English
furnace caused his mind to follow a different channel, and ulti-
mately led to his invention of pneumatic or a$ it is called, Besse-
mer steel. Bessemer described this accidental observation as
follows: “Some pieces of pig iron on one side of the bath at-
tracted my attention by remaining unmelted in spite of the
great heat of the furnace, and I turned a little more air through
the fire bridge, with the intention of inereasing the combustion ;
on again opening the furnace door, after an interval of half an
hour, these two pieces of pig iron remained unfused. T then
took an iron bar with the intention of pushing them into the
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bath, when T discovered they were mere thin shells of decarbon-
ized iron, thus showing that atmospheric air alone was capable of
wholly decarbonizing pig iron and converting it into malleable
iron without puddling, or any other manipulation. It was this
that gave a new direction to my thoughts, and after due considera-
tion, T became convinced that if air could be brought in contact
with a sufficiently extensive surface of molten crude i 1r011, the lat-
ter would rapidly be converted into malleable iron.’

Bessemer’s idea was that by blowing air through molten pig
iron, he could decarbonize it down to the desired point and there
stop. So he could sometimes, but not every time. There were
also mechanical difficulties whose 1mportance he did not then ap-
preciate.

TFollowing the excitement which his process produced, he sold
a number of licenses to manufacture under his patents, realizing
from them in one month thereafter some $135,000.

His premature action was one of the few business mistakes’
of Bessemer’s career. As already stated, his process was yet un-
developed and bitter disappointments came to his licenses. He
was most soundly condemned as a Charleton and a swindler, and
no doubt had an unhappy time. But he was equal to the occa-
sion, and was spurred on to greater efforts and spent not only the
money first received, but that which he had previously accum-
ulated, in overcoming the difficulties, and perfecting his inven-
tion.

But others were also at work on the same lines. In Sweden
Goron Frederick Goransson, one of that country’s brightest and
most energetic iron masters, took the matter up, and discovered
that the regulation of the blast pressure and volume of the same
had much to do with the success of the process. Akerman says
in his exhaustive report on the “State of the Iron Manufacture in
Sweden, Stockholm, 1876:” “The Bessemer method of refining
has been used in Sweden from its first origin, and it is even
doubtful if this process, now of so extraordinary importance,
would ever have been developed, if Herr F. Goransson had not
immediately after the publication of the patent, applied him-
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self with such determination to carry out exhaustive experi-
ments with it. For, thanks to the raw material employed, which
was poor in phosphorus and in other respects of specially good
value, a completely satisfactory Bessemer product was obtained
at an earlier period in Sweden than in England, and the condi-
tion of success so important for this process, that only materials
poor in phosphorus are suitable for it, was ascertained.”

I have said that Bessemer’s original idea was to decarbonize
the bath of molten pig iron down to the desired point and there
stop, but he found it to be impossible to always regulate the
stopping, at any particular point. Mr. Robert Mushet, of the
Forest Steel Works in England, investigated the matter and
solved this great chemical trouble by carrying on the process
until practically all the carbon had been burned out of the
charge, and then adding enough carbon to give the desired ro-
sult, and at the same time adding manganese in a metallic form,
which from its affinity for oxygen would unite with the oxygen
of the burnt iron present in the bath, thus restoring such iron
to a metallic state, and so taking away the red-shortness which
had been so fatal to the sound working of the metal. By this
invention the Bessemer process became practieal.

Mr. Mushet was granted an FEnglish patent on September 22,
1856, but so little did he realize its value, that being financially
depressed, he allowed it to lapse in the third year. Fortunately
for him, he had taken out an American patent, dated May 26,
1857, from which, owing to our laws being better caleulated to
protect inventors, he received some pecuniary reward. And
honor is due to Bessemer for having, after his own enrichment,
settled on Mushet an annuity of £300. The British Tron and
Steel Institute awarded Mushet in 1876, their Bessemer gold
medal.

The first steel rail made, was by Mushet early in 1857, at
the Ebbwvale Iron Works. He obtained some metal which had
been desiliconized and decarbonized by the Bessemer process,
and remelted it in the ordinary crucibles used for melting cast
steel, putting forty-four pounds in each; to which, when melted,
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he added two pounds of melted spiegeleisen. He cast some in-
gots of about 500 pounds each in weight, and from one of them
had a double headed rail rolled. This was put in the track of the
Midland Railroad, at a point where iron rails had lasted but a
few months. This steel rail successfully withstood the passage
of over one and a quarter million of trains, during some eighteen
years of service.

By the way, the first American Bessemer rails were rolled
at the North mills of the North Chicago Rolling Mill Co. on
May 24 and 25, 1865 ; the steel having been made at the experi-
mental Bessemer Works at Wyandotte, Mich. There were but
a half dozen of them, but the rolling was perfectly successful.

The real commercial manufacture of steel rails in America
“began at the Cambria Works, Johnstown, Pa., from steel made in
the Pennsylvania Stecl Company’s Works, Harrisburgh, Pa.,
in August, 1867.

Percy relates that, had it not been for an accident, most likely
Bessemer would have lost the honor of his discovery. In Octo-
ber or November, 1855, two or three months before the issuing of
Bessemer’s first patent, George Parry, of the Ebbwvale Iron
Works, fitted up the hearth of a reverberatory furnace with a
series of pipes in which many holes had heen drilled. Plugs
were inserted in these holes, and the pipes carefully covered with
refractory material, which was dried, the resulting cracks filled
up and then the plugs withdrawn. This system of pipes was
connected with the blast from a blowing engine, the furnace’
brought up to a high heat and a charge of melted iron run into
it, the blast having been first turned on. By some accident a
leak occurred in the furnace, before the process had continued
very long, and the metal ran out on the ground. Mr. Perry
wanted to make another trial, but the proprietors of the works
objected, and so Bessemer’s glory was saved to him.

Owing to the bad reputation of Bessemer and his process, it
became necessary for him, if to succeed at all, to start works of
his own. This he could not do in a large way, owing to limited
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means, so he succeeded in raising about $60,000, subseribed as
follows: Himself and the Longsdon, who married his sister-in-
law, $30,000, W. & G. Galloway, $25,000, and his other brother-
in-law, W. D. Allen, $2,500.

During all this period of struggle and doubt, the latter was
Bessemer’s trusted assistant and ally. These works were started
in Sheffield in 1858. But they did not at first attempt the man-
ufacture of Bessemer steel, as it is now known. The metal was
blown in a small turning converter, and of course the charges
of metal were small. After the decarbonization of the metal,
it was poured into a tank of water, which had the effect of gran-
ulating it. This was afterwards melted in crucibles with an ad-
dition of the proper percentage of manganese. The product
was used for tool steel purposes. It was probably on June 18,
1859, that the first heat of direct steel was made at these
works. They made money very fast from the very first, and
their success had given the steel a place in the commercial
world.

We will not follow the details of the perfection and introduc-
tion of the Bessemer process in England, further than to say
that no doubt the Swedish success played an important part
in making it easier for Bessemer, and stating that up to the time
of the lapsing of his English patents, he received during a part
of the time, not less than $1,000,000 per year in royalties. Not
all of this was his absolute property, as he had to divide with
those who had assisted him during his troubles, but much the
largest portion went to him. ,

In America, William Kelly, of Eddyville, Ky., where he was
operating a blast furnace, experimented somewhat on the same
lines Bessemer had been following. These he conducted not only
at his own plant, but also that of the Cambria Iron Co., Johns-
town, Pa. He had many failures, some partial successes, and
also undoubtedly part of the time followed the published reports
of what Bessemer was doing in England. In fact he erected at
Johnstown, a small rotating converter very similar to Bessemer’s
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early one, and I think copied from their print in his patent
papers, which derived its blast from the engine furnishing the
blast for the iron works foundry cupola. Its workings were not
successful, principally because of insufficient blast pressure.
But it was the first Bessemer converter built in America, and is
today a cherished relic at the Cambria works.

Bessemer received American patents in February and August,
1856. Kelly received United States patents in January, June,
November and December, 1857. Kelly claimed priority over
Bessemer and the patent office allowed this claim by granting
his patents; thus leaving an interesting case for the lawyers and
courts. ‘

We will not go further into the history of the Bessemer pro-
cess and industry in this country, than to state briefly that ulti-
mately the American interests which had secured his American
patents both on process and machinery, and the parties who had
acquired the Kelly patents, which were all on the process, and
Mushet’s American patent, united their interests by the forma-
tion of a joint company. We did not have “Community of
Interests” in those days. '

Bessemer could not be idle, so the later years of his life were
spent in leisure industry. He built a fine obgervatory at his
country residence, and constructed a telescope on original lines;
also experimented on the utilization of solar heat to produce
high temperatures and had recourse to many other intellectual
ways. Iedied in his 86th year. He was aman of fine physique,
and up to the very end of his life was blessed with magnificent
health.

The history of the Bessemer process cannot be given without
reference to Alexander Lyman Holley, our American engineer,
who did more than any other one man toward making the manu-
facture a world-wide success, or at least toward making it the
great economic success it is today. Holley was convinced of its
commercial possibilities while the question was yet an open one.
During a visit to England in the Autumn of 1862, he was so
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greatly impressed with the importance of Bessemer’s invention,
and was so certain of its successful future, that, upon his re-
turn to the TTnited States, he induced Messrs. John A. Griswold
and John F. Windslow, of Troy, New York, to join him in pur-
chasing his American patents. But it was not until the spring of
1864 that the negotiations were brought to a satisfactory con-
clusion. He at once again returned home and began the erec-
tion of a 2} ton experimental plant at Troy, N. Y., for the firm
of Windslow, Griswold & Holley. In it the first heat of steel was
made February 15, 1865,

I have mentioned the Kelly American patents, and that they
as well as Mushet’s American ones, had been acquired by other
parties. They had erected an experimental plant at Wyandotte,
Mich., and in it a heat of steel had been made in the fall of 1864,
under the direction of Wm. F. Durfee. Tence the honor of the
first heat of Bessemer steel in America belongs to the Wyan-
dotte works,

As T have told you, the rival interests wore finally consolidated,
this after several years of litigation ; and from that day the pro-
gress of the manufacture in America was very rapid. Holley
became the representative engineer, and was in one way or an-
other connected with nearly all the works built. He made num-
erous mechanical improvements, in fact Americanized the whole
thing.

In addition to Bessemer, I have named Mushet, Goransson
and Holley, as men who gave to the Bessemer process its great
success. That such was a fact is true history.

Bessemer’s character was a rugged one. His mind clear, pow-
erful and conquering. ITe was of the material from which con-
querors have ever been formed. The attainment of his end the ona
object. Quick to see and appreciate the smallest thing bearing
on his quest, and equally rapid to assimulate and use it as his
own. I do not mean that he was absolutely dishonest or dis-
honorable, but to him his own individuality was the greatest
thing on God’s footstool, and to it all things belonged. Still he
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must have been loyal to his friends, because the Allens, Longs-
dons and Galloways and he were firm friends and allies from
first to last. But, and here is the point in Bessemer’s character,
the weakness in it, for which I feel sorrow and regret, almost

“amounting to contempt. During the years of his life after his
great triumphs, he was a frequent writer, but never a line or word
did he give one iota of praisé or acknowledgement to either of
the three men named by me. Tt is true he settled on Mushet an
annuity of $1,500 a year, but Mushet’s invention had saved him
from absolute defeat and disgrace. And T believe Mushet would
rather have had an admission of his part in the great invention
than the money.

Goransson has passed away since Bessemer; a successful,
honored man. e did not require Bessemer’s praise, but how
gra.cefﬁl it would have been if one laurel leaf from the conquer-
or’s wreath had been placed upon his brow. It would not have
marred the beauty of the wreath, and would have ennobled the
giver. '

Bessemer contributed several papers to American technical
gocieties. On the walls of the house of one, of which both were
members and Holley had been President, both of their portraits
hang, Bessemer’s presented to the society by himself ; Holley’s
given by his friends. But even Holley’s name was never given
in any of Bessemer’s ego contributions. Holley did not need his
praise. Iis, as well as Bessemer’s achievements will ever speak
for themselves, but more than that Holley died as the loved
friend of every human being with whom he had ever been as-
sociated. Bessemer died leaving a great name, a great fortune,
but mourned by few. Which the most to be admired ? Which
was the greater ?
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RIVER GAUGING WITH ROD FLOATS.
By Gro. W. Browx, B. S. 86, C. E. ’90.

The young engineer, just out of school, particularly if that
school was so located as to afford him no practical experience in
hydrography, is apt to feel very lonely upon recelving a wire
from his chief directing him to gauge the flow of a certain river.
To supply him by next passing steamer, with a current-meter
and its accompanying paraphernalia, does not add materially to
his composure. Besides, the meter may not have been used for
geveral months and is not accompanied by a table of rating.
Then, to make matters worse, there may not be within a day’s
journey of his camp a larger expanse of still water than 18 con-
tained in the converted pork barrel serving as camp cistern.

Given the time, our young adapter of nature’s laws would rate
his meter in a running stream, and then with it would determine
the velocity of the stream itself; all with a considerable degree
of accuracy. But in these days, except in the public clagsified
civil service, no delay can be allowed for these approximations.
Not only must the stream be gauged at once but the results must
be reported without delay. Our young friend soon collects him-
self and, after spending about as much time in preparing other
appliances with which to do the work as he would in repacking
the meter outfit for return shipment, he proceeds to gauge the
stream with rod floats. The chances are that he will find the
work, as well as the reductions, so simple that for river gaugings,
under ordinary conditions, he will use rod floats in preference
to a meter, even if it be supplied with a most satisfactory certi-
ficate of character. The accuracy of his results will not be ma-
terially less than of those obtained by the use of a modern cur-
rent-meter. '

It is not to be doubted that within the years since ’86 was
turned loose upon a long-suffering public, the engineering de-
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partment of the University of Wisconsin has added to its appli-
ances and facilities for hydrographic investigations. That class
did its stream gauging upon the bosom of the raging Yahara, at
one of the railroad bridges in East Madison. A meter of the Ellis
type was used. We rated it in the lake just west of the univer-
sity grounds. Its constants were both so large that, while it
rotated feebly in the strength of Yahara’s flood, a large percent-
age of the flow passed by unchallenged in other portions of its
section. So we guessed at the discharge, and the work was done.
The experience we acquired, except in the matter of guessing,
was of 2 negative character.

It is often desirable to determine, on short notice, the flow of
a stream. One cannot be expected always to have a current-
meter at hand. To accomplish the result with a considerable de-
gree of aceuracy, and with such appliances as almost any locality
affords, is the problem. At fhe risk of saying much with which
the reader is already familiar T give in detail a method of
stream gauging by use of rod floats, with an outline of the reduc-
tions.

The example given is that of gauging the French Broad River,
near Asheville, N. C., in November, 1896. The place chosen
was a fairly straight section of the river, and reasonably free
from the influence of obstructions. This being a mountain
stream of small depth and steep slope, a place was chosen where
the water was deep and the local slope light. At that stage,
which was considerably above low water, the river had a surface
width of about 350 feet. A baseline 200 feet in length was
laid off on the right bank as near to the water and as nearly
parallel to the main thread of the stream as practicable. Three
sections or ranges were laid off at right angles to the base-line
at either end and from middle point, and were marked‘by range
flags on either shore. The sections were sounded with a 12 foot
pole shod at lower end and graduated to feet and tenths from
a boat rowed slowly across the stream and against the current,
upon the marked range. The soundings were taken as nearly as




128 Tho Wisconsin Fngineep.

possible at equal intervals, and were located in the following
manner. With transit set at intersection of base-line'and range,
and with stadia rod held in-boat abreast of sounder, the stadia
distance was read off direct. In lieu of a stadia, a level rod
might have been used for this distance; but either should be in-
verted in order that one wire of the instrument might be kept at
the zero point of the rod. Not much practice is required to catch
distances at a glance with a considerable degree of accuracy.
With a recorder at the instrument, every sounding may be lo-
cated ; but with.a reasonably regular bottom the location of every
alternate sounding will suffice. ‘

One foot to five foot rod floats had previously been prepared
and adjusted to differ in submerged length by six inches, hav-
ing each a freeboard of about two inches. The rods were of
white pine, 1} inches in diameter, and were weighted by lead
pipe of some external diameter fitted at the lower end. Tinal
adjustment for submersion of rod was made with shot held in the
lower end of the pipe by a plug. The rods were fitted with a
staff of No. 10 wire, some of 8 inches long, carrying a flag some 6
inches square, by means of which the rod could be kept in view.
Any light material, or a section of tin pipe, might be used for a
float, and it might be ballasted with an iron bolt. Whether its
length is an even unit or if it projects a considerable distance
above the water, is immaterial, so long as it is not affected by the
wind. Tt is not necessary to have so many rods, or that they float
so near the bottom of the stream, so long as we have the data
for reducing from rod velocity to mean velocity, through wide
variations. The writer has gauged a stream of 800 feet in width
and from 3 to 15 feet in depth with only four lengths of floats.

In the French Broad gauging, in question, the rods were run
across the ranges about every 30 feet, or as near that spacing as
it was convenient to place them without undue delay. From in-
spection of sections the longest rod was started, in each case,
which it was presumed would float without touching bottom. If
a particular rod struck bottom the flag announced that fact, the
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observation was cancelled, and a shorter rod started. With
transit on base-line at upper section, and with stadia rod held in
boat as for sounding, the boat was placed in the approximate
thread of the stream some 15 or 20 feet above the range. The
float was dropped from stern of boat and started on its trip. The
second of crossing the upper range line was noted, and recorded.
The stadia distance to the boat, which was made to follow the
rod only as far as this range, was then noted. An assistant pre-
ceeded the rod to the lower range, 200 feet away. As it ap-
proached that range he called out “stand by” and at the instant
of crossing he called “mark;” the time being noted and recorded.
The rod being followed by the transit, its angular position with
reference to the base line, at the instant of crossing the lower
range, was determined. At the signal from shore the rod was
picked up by the boat and returned to its starting line. To facil-
itate the recovering of the rod a light linen or silk line was made
fast to its upper end and paid out freely from the boat, which was
kept well above and to one side of the rod during its run.

All of the notes of this survey, not given in the first six
columns of Table I, below, are shown graphically upon the ac-
companying diagram. The basis of the diagram is a plan of the
base-line and the ranges, with the water lines of the river. With
the range lines as water surface lines, cross sections of the river
were constructed from' the sounding notes. Sections of the
river at upper, middle and lower ranges are shown by the
polygons U nuU’, Mmm M’ and L11 L, respectively in light
full lines. The paths of the 12 floats were platted from notes in
columns 8 and 4 of Table I. Tt will be noticed that all of the
floats, in this particular case, inclined more or less toward the
base-line ; showing that line not to have been located parallel to
the average thread of the current. This, or any reasonable in-
clination of float paths, does not effect the accuracy of the results
obtained ; since the increased distance run is inversely propor-
tioned to decreased perpendicular distance between their paths.
The depths of the stream, perpendicularly below the intersec-




130

The Wisconsin Engineer.

! ﬂ!;scmw'sé 57

1]

Pl I R
: : B | L 1 H
i

FEET.

190 200
Verticar gc.u.z FOR_SEGTIONS, FEET.

. VERTICAL SCALE FoR Veioc1TiEs, FEET pen secons.

;0 Geare i Pran.

Iy .
y Q'? RTIAL \SEALE A LHARGE
| j L&H..:..,‘sffl 08 JISCHANSK, COMIC FAET PER HOR.IE
\ /

ek

Horizonrar Seae For DISCRARGE, FEET.
% & i ap ) 5

DIAGRAM of

i
RIVER GAUGING wirn ROD FLOATS.

FRENCH BROAD RIVER, nean ASHEVILLE, N. G.
Brown 1902} LTV 1A%




-, River Gauging. 131

tion of each path with the range lines are then scaled, and a
fourth cross section is constructed on the middle range, from
depths which are the weighted means of the depths at the three
intersections, This mean depth is taken as 4 the sum of the
~ upper depth, the lower depth and twice the middle depth. This
mean section is shown by the polygon M 3M 7M 11M M’; in
a dashed line, thus: ------ , and these depths are entered in
column 9 of table. The time of passage of floats over this 200
feet stretch of river is then deducted from the difference between
columns 5 and 6 of table, and entered in column 7. The velocity
of float in feet per second is then computed and entered in
column 8.

This brings us to a consideration of the reduction from the
velocity of the rod as run, to the mean velociey of that thread of
the stream from the surface to the bottom. The accompanying
formula for such reduction is that given by Mr. Francis, in his
Lowell Hydraulic Experiments:

V.=V, [1—0.116 ( 4/D—0.10)]., in which
V.=mean velocity for full depth;
V.=observed velocity of rod float, and

D= depth of stream below bottom of rod,
........................................... or
depth of stream

D=the percentage of the depth of the stream which is be-
low the bottom of the rod.

The above formula is strictly true when the bottom of the rod
is approximately 5 per cent. above the bottom of the stream, and
should not be used without modification when it is more than 10
per cent. above the bottom. The writer has made experiments
to determine what modification could be used in such cases. In
a stream some 12 feet in depth, 5 rod floats ranging from 7 to 11
feet in length were dropped into the same thread of water,
from a boat anchored in the stream at a point above the upper
range, and some 2 or 8 seconds apart. The passage of these rods

across the ranges was noted and recorded. The rods were picked
up by a second boat, returned to the starting point, and were run
over and over again, in order to eliminate local effects, as far as
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possible, and to secure a mean velocity for the thread of the
stream. The mean of the several observed velocities for each
float was taken as the mean velocity of the stream for the depth
to which the float extended. Such a modification of the Francis
formula was required that the mean velocity for the full depth
might be determined from the mean velocity of the shorter floats.
Tt was found that within the range in question, that is when the
distance below the bottom of the rod was no more than a third of
" the depth of the stream, the value of V,, would be given, with a
great degree of accuracy, by substituting a variable for the
quantity €0.10” in the last term of the formula. This term was
found to increase algebraically about one per cent. for every one
per cent. increase in the value of D. With the term “—0.10”
correct when D equals 5 per cent, the terms within the paren-
thesis will vary as follows: 4.05—0.10; 4.10—0.05; 4/15—0.00.
¢.2040.05: 4.2540.10; ¢.30+0.15; 4.3540.20. In the
0.20. In the French broad gauging the values of D varied
from 7 to 33 per cent. and the consequent corrections to 4D
varied from -+0.18 to —0.08. These corrections are given
in column 10 of table. The corrections to V, is given in column
11, and the value of V,, in column 12, In column 13 is shown
the discharge for one foot in width of stream, in cubic feet per
second ; the produet of the mean depth (col. 9) by the mean
velocity (eol. 12).

With the middle range line of diagram as a base the various
mean velocities are platted in vertical ordinates immediately
under the intersection of that line by the corresponding floats.
These points being connected with each other and with middle -
range at shore lines (as shown in dash and dot line), gives the
curve of mean velocities. Upon the same base line, and with a
convenient seale, volumes of discharge (col. 13) are laid off in
vertical ordinates, and being eonnected with each other and with
base line gives a discharge polygon, the area of which, inter-
preted by proper scales, gives the discharge of the stream in
cubic feet per second. It will be observed that, in a general {vay,
the mean velocity and discharge polygons are parallel to the
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curve of mean depth. The area of the discharge polygon can be
determined with planimeter, or from cross section paper, or it
can be computed directly.

The field work of the gauging in question began after 8 o’clock
in the morning, and was finished at 11:30 A. M., by a party con-
gsisting of a chief, a recorder, one boatman and two helpers. The
work was reduced and platted and the results obtained by the
chief of party and his recorder in less than an equal length of
time.

Three or four gaugings of a stream at low, mean and high
stages, will afford a diagram by which its discharge may be de-
termined for any reading of the river staff. For stream gauging,
this method affords sufficient accuracy, since the uncertainties of
the volume thus obtained are very much less than the uncer-
tainty of the particular stage of the stream, with reference to its
high, low or medium stage.

The method of stream gauging with rod floats is better
adapted to deeper than to shallower streams, to a limit of 18 or
20 feet in depth; and is applicable to widths up to 800 or 1,000
feet. Rod floats are also adaptable to tidal streams of reasonable
depths, but the methods of use and of the reductions are not so
s;imple as in the case given.

THE MANUFACTURE OF FARM TOOLS.

H. J. TeorkeLsox, B. 8., 98; ME.,, ’01.
Ass’t Sup’t, J. I. Case Plow Works, Racine.

The experience, particularly of the last century, has taught us
that the work of the world is more expeditiously accomplished by
dividing and subdividing it so that each part is done by men,
trained to do that particular part. '

Tt is the purpose of this brief article to call attention to that
part of the world’s work which consists simply in making the
tools necessary for the economical and expeditious production of
our farm erops.
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We do not know what tools Cain devised to assist him in till-
ing the soil, but there is no doubt that the first farm: tools made
were for the purpose of assisting man’s unaided efforts to culti-
vate the ground. Such tools as the spade and the hoe were
doubtless among these early implements, but as soon as man sue-
ceeded in subjugating some of the wild animals and training
them to do his bidding, they were used to assist in preparing the
soil for the seed. :

The plow is one of the earliest farm tools that we have any
knowledge of and has a most interesting history. It is recorded
that Elisha was plowing in a field when he was called to be
Elijah’s successor and as early as the seventh century B. C. iron
shares were in use. We are indebted to the Romans for the in-
vention of the moldboard, but even to this day, in Armenia and
other eastern countries, erude iron pointed sticks without a mold-
board are used for plowing.

During the early history of our nation, it was customary for
the pioneer farmer to construct his own tools, such as drags,
rollers, ete., and to seed, cultivate and harvest by hand. The con-
struction of the plow, however, was usually intrusted to the vil-
lage blacksmith, and many a moldboard has been shaped over
the log of a tree.

Some of these blacksmiths speedily developed a reputation for
the plows they made, and as the demand for their plows in-
creased, they commenced to increase their facilities for manu-
facture and in this way many of the large implement factories
of today were started.

- Different localities and soils require different plows and some
manufacturers make over 300 kinds of walking plows alone to
suit this varied demand.

As these factories have increased in size they have also in-
creased the line of implements made to meet the ever increasing
requirements of the farming industry until now, almost all so
called “plow” factories manufacture riding and walking plows,
tooth, disc and spading harrows, seeders, cotton and corn plant-
ers, stalk cutters, listers, cultivators of all kinds, ete.
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But our plow factories form only a single branch of this great
industry and manufacture but a few of the many farm tools now
eonsidered necesssary on every modern farm.

Besides “plow factories” there are “harvester works,” “thresh-
ing machine works” and a countless number of different fac-
tories, each having its own line of farm tools.

The harvester is a comparatively modern invention and yet
go large has been the demand for this tool that although several
factories are engaged in its manufacture, one of them employs
9,000 men to supply the ever increasing demand for its goods.

It is customary for harvester companies to manufacture grain

~and corn harvesters, binders, reapers and mowers and some har-
vester companies have a still larger line of tools.

The manufacture of threshing machinery, including boilers,
traction engines, separators, stackers, weighers, self-feeders,
tanks, horse powers and all the necessary appurtenances for
threshing, not only wheat but rice, peas and beans, constitutes a
very important branch of the farm implement busipess, but it is
unnecessary to further enumerate the different factories or the
branches of this important industry. .

The output of these implement factories is enormous, in faet,
if all the tools made at a certain plow factory last year were
placed in a line with a team hitched to each implement and they
were driven close together the parade would reach from Chicago
to the City of Mexico, a distance of 1,500 miles.

It is difficult to realize the need of the enormous amount of
farm tools made until we look at the size of our immense crops.

The average annual crop in the United States is 600,000,000
bushels of wheat, 800,000,000 bushels of oats and 2,000,000,000
bushels of corn. A crop the size of which is difficult to realize.

A more graphic diseription of one of these crops will probably
enable us to better realize the significance of these figures.

In 1900 we had 83,000,000 acres of corn under cultivation.
This would make a cornfield five miles wide around the world
and 5,000 miles lap. The product of this great cornfield was
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2,105,000,000 bushels. If this crop was all put together it
would fill a bin 50 feet high, 400 feet wide and 250 miles long,
Allowing 600 bushels to a car it ‘would require 3,508,833 cars to
move it, which with the engines required to haul them would
make a train that would encircle the earth.

One of the large farms in this country located in Towa pro-
duced in the year of 1898, 215,000 bushels of corn, 20,000 bush-
els of wheat and 28,000 bushels of oats. This farm contains
6,000 acres of land and the property alone is valued at $180,000.
The value of the farm machinery necessary to operate this farm .
is $17,773.98. From this it is not difficult to imagine that a
great number of plows, listers, harrows, planters, cultivators and
harvesters, representing an enormous investment, are necessary
to produce the great crops of this country.

We are accustomed to think of farm implements as compara-
tively erude in design and inefficient in operation, but this is not
the case. A properly constructed walking plow, when correctly
adjusted would seck a certain depth and turn over a furrow of
uniform width, if it had no handles but was simply pulled across
a field
- A riding plow will pull one-third lighter than a walking plow,
doing the same amount of work and carry the plow man besides.

A check row corn planter when properly operated will plant a
field of corn depositing the seed every 8’ 4”, 3’ 6” or 3’ 8” as the
case may be, as accurately as if equally spaced parallel lines were
drawn across the field, and another series of similar lines drawn.
at right angles to the first series, and the seed planted at the inter-
sections of these lines.

These check row planters generally deposit three kernels of
seed for each “hill” as it is called. Indeed one of the largest
corn growers in Towa has figured that if but one kernel is depos-
ited, the hill is partially lost, three kernels will bring a profit,
while five kernels will bring a loss; and to secure this necessary
accuracy requires machinery of superior design.

The three wheeled “listers” used in Kansas and its neighbor-
ing states, will plow the ground, loosen the subsoil, plant and
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cover the seed, and press the ground firmly on both sides of the
kernels at one operation.

The modern traction engine has a “differential gear” which
communicates power from a pinion on the engine shaft to both
driving wheels, but at the same time permits either wheel to turn
faster than the other, as is necessary when turning a corner.

The knotter on a harvester is a device very simple in construe-
tion, but almost human in operation.

Naturally considerable study is given to the improving and
perfecting of the different farm tools made and indeed most fac-
tories keep a corps of experts constantly engaged in experi-
menting on new improvements and simplifying old construec-
tions. The results of this constant improving of farm imple-
ments was clearly shown in the patent office exhibition at the
World’s Fair in 1893. Here were shown models of the first
harvester made and of the latest, the former being heavy and
cumbersome in appearance and having many times the ma-
chinery that the latter had.

‘I'he work of this department of an implement factory is most
interesting, for whenever a new branch of agriculture, as the
beet-sugar industry, has attained any prominence, it is neces-
sary to design a new line of tools to meet the requirements of the
new industry, and such designing necessitates a knowledge of the
culture of the article raised, the requirements of the trade, the
present “state of the art” as far as inventions are concerned and
the facilities of the factory for manufacturing.

In these implement factories considerable attention must be
given to reducing the cost of manufacture to a minimum and to
do this, a large part of the different castings must go from the
foundry direct to the assembling room with no machine work
whatever. This requires considerable skill in pattern making
and a thorough knowledge of molding. This need has brought
the moulding machine up to its present state of perfection.

All wrought iron and steel parts must duplicate to a nicety
and the expense of making patterns, dies, jigs and templates is

enormous.
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* Many ingenious methods are devised to combine quality with
economy in manufacture. The requirements of the more diffi-
eult soils of Towa and the northern states have produced the
“goft center” steel used on plows for these sections. This steel is
about one-fourth inch thick and consists of three distinet layers
of steel; the outer layers being capable of hardening so as to
impart the necessary scouring qualities to the plow, while the
inner layer cannot take a high temper and hence imparts the
necessary strength to the metal without which the steel would
‘be as glass.

To still further reduce the cost of manufacture, special ma-
ehines must be built, and it is surprising to see the automatic ma-
chinery in use in our large implement factories.

In the painting department of a modern agricultural factory,
pneumatic hoists are used for dipping the implements into large
vats of paint. They are then hung up on trolleys, striped, dip-
ped in varnish and put on trolleys again. In fact in some im-
plement factories the implements do not leave the trolley from
the time they enter the paint shop until they are deposited in the
cars or warehouse.

Tn order to secure the confidence of the trade and to main-
tain a uniform standard of excellence, our large implement fac-
tories have thoroughly equipped testing laboratories for making
exhaustive tests of all raw materials purchased and chemical and
physical tests are made each day of the iron cast to see that it is
up to the required standard.

With proper facilities for manufacturing and an economic
system of handling the material, it is not unusual for our plow -
factories to manufacture every day an implement for each man
employed. An impossibility without an elaborate subdivision of
the work done.

The manufacture of farm tools is indeed a large and im-
portant industry, but it seems destined to attain a still larger
growth.

During the first eleven months of the last year, the value of




140 "% The Wisconsin FEngineer.

our farm implements exported was $16,094,598, and if this
trade is not hindered by adverse legislation it should certainly
grow still larger, as the opportunities for trade with Russia,
Africa and South America increase. Senator Beveridge, speak-
ing of the possibilities of trade with China, says that: “The
producers of America, who are 5,000 miles nearer these markets
than any of their competitors will ultimately have a Chinese
commerce of $100,000,000 a year.”

If this prophecy should become true, a portion of this im-
mense export trade will certainly fall to the producers of farm
implements, increasing this already large industry enormously.

It may encourage some of our engineering students who are
interested in that branch of the world’s work which is alloted to
our manufacturing industries, to repeat the words of Dean
Johnson in his address to the students last fall. He says: “We
are about to become the world’s workshop and a competition
grows sharper and as greater economies become necessary, the
technically trained man will become an absolute necessity in the
leading positions in all our industrial works.”

THE DRAFTING ROOM, )

. Emery H. PoweLry, *91,

The drafting room should be and generally is a well lighted
room, each draftsman having his own drawing table near a win-
dow. The tables are plain pine drawing boards of good size,
perhaps 3x6 feet by 1.5 inches, placed on two wooden horses of a
convenient height. Stools accompany each drawing table. There
is a large filing case whose top forms a large table on one side or
in the middle of the room, for storing drawings, blue prints and
tracings. Many a drawing office has a fire proof vault with suit-
able drawers in which tracings are filed.

Blue printing may be done in the drawing room or in a sep-
arate room. The blue print room will have one or more blue
print frames which can usually be moved on a track to a good
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sunlight spot. A tank or bath large enough for the largest print,
running water, a drying rack, suitable place to keep blue print
papers and tracings, and a table on which to cut paper and trim
blue prints will also be provided in this room.

The supplies that go with a drafting room are blue print
paper, detail paper, tracing cloth and paper, pencils, pens, ink,
erasers, tablets, and generally T-squares are furnished. The
draftsman must bring scales, triangles, compasses, ete.

A draftsman usually works from eight hours a day to fifty
hours a week, and is allowed two weeks vacation with full pay
during the dull season, usually the summer or early fall. He is
paid by the day, week or month and no matter which method is
used to estimate the price, he will receive his pay once every
week or else once every two weeks. Some draftsmen are kept
on when times are dull and others are laid off, and more
taken on when times are good and shops are full of work. Tt is
not considered a good plan to change draftsmen, because one’s
efficiency depends upon his familiarity with the work in that
particular office. There is more or less routine work in any call-
ing in life, and the draftsman’s is no exception.

The technical graduate looking for a place to start and having
no previous practical experience is fortunate to get a start in a
drawing office at $10 a week ; it will probably be less. He will
probably be started at tracing, which may be humiliating unless
he remembers he is there to learn and while doing his work to the
best of his ability must keep his eyes open to what is going on
about him. Some system of standard size drawings and methods
of filing them will be the first thing to learn. He will learn how
blue prints are mada in this office from the blue print boy, as
each office has some special regulations. It may be that they
allow no one in the blue print room besides the blue print boy
and those who have the confidence of the head of the depart-
ment. There may be certain records kept of tracings to show
where they are and to make the blue print boy or draftsman re-
sponsible for them while in his poésession. This same rule may
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apply to any one using a tracing even when not taking it from
the room. The blue print boy may also be required to keep some
record of prints to furnish the cost department.

There may be a book-keeper for the drafting room to look
after the card catalogue and other records of the office. Every
draftsman who hopes to become a head draftsman should have
definite ideas of the card catalogue. He should know how it
is used in libraries, and how to adapt it to drafting room needs.
In connection with the card catalogue, a book is kept in which
the tracings are numbered consecutively and a full record of
every drawing, date, draftsman making it, and other data are
kept. The card catalogue has much the same record or at least
enough to tell where to find any tracing and enough about it to
be sure that it is the one wanted.

In many small drafting offices the tracing is done by the
draftsman who does the designing and makes the drawing. In
such cases he can save a great deal of time on the pencil draw-
ing by omitting dimensions, notes, etc., things that he can put in
on the tracing without having them on the drawing. If it goes
‘to a tracer it would be necessary to make the drawing sufficiently
complete to be understood by the tracer and to put in dimensions
on the pencil drawing when he wants them on the tracing. It
will also be necessary for him to indicate the cross-sections and
kind of metal, and make notes of other data on the drawing,
placing them so that the tracer shall get them in the right rela-
tion. While it is to be remembered that this takes more of the
draftsman’s time on the drawing yet there may be and in well
regulated drafting rooms will bo some saving, because the
tracer’s time is not worth so much as the draftsman’s.

A good draftsman should command $25 a week and a first-
class tracer can be had in large cities like Chicago or New York
for $15. These are not top prices, yet they are above the aver-
age at times. The pay of draftsmen in general fluctuates as the
demand and supply of the market. At the present time these
may be said to be average prices in Chicago. The man, how-
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ever, who considers the pay the principal part of his job will be
apt to advance less than he who forgets salary and works for ex-
perience, doing his best all the time. He will soon learn how
much he should receive and will, if his judgment is good, find
no trouble in getting full value.

Perhaps something should be said here about methods of mak-
ing drawings and tracings. There is considerable of a trade to
good tracing. Probably most offices use the imperial tracing
eloth with one dull and one smooth side, tracing on the smooth
side. Many, however, trace on the dull side and, to my mind, it
has some advantages. Tracings are generally kept in large flat
drawers and if the tracing is made on the glazed side and laid
in the flat drawers right side up for easy reference they sogn
begin to curl up at the corners and edges which soon causes them
to get creased and ultimately spoiled. When the tracing is on
the dull side and the tracings are put in the same drawers right
side up this curling is prevented, the tracing always lying
flat and smooth and in good condition for the printing frame.

Another and important reason is that the dull side takes the
ink better and erasures are made just as well and show less when
done. It undoubtedly wears out the pen faster but it will admit
of a finer line. There is more lint on the smooth side than the
dull side and greater care must be exercised to prevent the ink
from blotting. A grade of imperial tracing cloth is made with
two glazed sides and it would seem that by the use of this at least
the first objection raised might be overcome, but you will seldom
find it in use even in offices where they do not use the dull side
for drawing work. _

Tt is now becoming popular in some offices at least to black n
the cross sectioned parts with a pencil and smearing or rubbing
the lead around with a soft rubber. This takes off the black that
would come off easily when the tracings rub together and gives
the part a smooth, even color.” The best results are accomplished
by the use of a soft pencil rubbed carefully all over the parts to
be cross sectioned and then rubbed in by an elastic rubber band
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about one-cighth inch wide stretched over a stick sharpened to a
wedge and slightly rounded. ,

While speaking of cross-sectioning the old method of using
parallel lines may be made very rapidly by the use of a suitable
section liner. The most simple instrument of the kind is shown
in Fig. 1, which may be made by any one from a piece of hard
wood about the thickness of the triangle. Cut out a space so that
the triangle used shall just have enough motion from end to end,
to make lines the right distance apart. The fit of the triangle
and liner need not be the whole length but may be cutraway as
shown. By having a different length space on the opposite side

Fia. 1.

of the liner, one may have a fine and a coarse section which will
be sufficient for most drafting work. Tf more variety is desired
the instrument can be made with adjustment, By placing the
liner on a T-square, then moving first the liner, then the triangle,
and drawing a line, you get the result. A little practice enables
one to work faster and do better work than with any other instru-
ment or than without using this liner, There are many patent
contrivances offered by the firms selling drafting instruments,
but none of them are so easily operated or give such satisfactory
results.

One objection raised to the blackening process is that it is im-
possible to show different parts when next to each other. This is -
less of an objection in actual practice than it at first appears, be-
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cause it is becoming more common to detail each part by itself,
even to showing bolts and screws separate from the other parts.
Wherever bolts and screws can be specified by a note, as “3%,”
rough bolts A “long with hex nuts” it is better than trying to
draw them out. It must always be remembered that clearness is
the ptime factor in a drawing. In machine shops where the
work is of a high class, I mean where there is a large percentage
of skilled mechanics and there is considerable fitting and finish-
ing, there the drawings will be scale drawings and usually the
scale will be 8” to 1 ft., 1" to 1 ft., 3" to 1 ft., 8” to 1 ft.; and
where it is necessary to lay out plans of machinery showing their
relation to one another and to the building, e. g., in laying out
power connections or pipe work, the scale will probably be 1"
or 1" to 1 ft. Special drawings are sometimes made for the
" pattern maker and they are always full size. Enough detail will
be shown to give a clear and accurate idea of what is expected.
If every operation is indicated and all parts show on the ‘draw-
ing it will save a good deal of time somewhere else.
Dimensioning tracings should be done with considerable care
and there is no reason why all the figures should not read from
one direction, although the dimension lines may have various
directions. Fractions should always be made with the bar hori-
zontal as &, §, 13 and not inclined as 14, 34,846, ete. The figures
that look best on a drawing are the vertical as given in Rhen-
hart’s “Lettering for Draftsmen, Engineers and Students.”
Probably the best letters for shop drawings are the inclined
shown in the book above referred to, but for map work and eivil
‘engineering drawing the vertical is preferred by many. Dimen-
sion and witness lines are made with a dot and a dash and the
center lines with two dots and a dash. This is an arbitrary
standard but seems to have the preference. Dots are made about
14", spaces Yy with dashes 4" long. A poor drawing that is
well dimensioned and neatly lettered will look better than a
good drawing poorly dimensioned and carelessly lettered ; there-
fore a draftsman must practice freehand lettering. ’
Many offices will have a standard form of title which can
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readily be applied to any tracing. Sometimes it is put on free-
hand ; sometimes with a stamp. One of the best applications of
the stamp is made by using heavy black ink and a metal stamp,
but good results are obtained by using a rubber stamp with thin
ink. This is best done by rubbing soapstone dust on the tracing
cloth first, then stamping with ink, applying lamp black lightly
with a brush, and when thoroughly dry clean carefully by strik-
ing it quickly with a small clean rag as one might in whisking
off dust.

In getting out the original drawings the draftsman may have
a sketch to work from or he may have only a few notes giving
him the idea of what he has to work up. It is a very conven-
ient thing to retain these notes and sketches for future reference
as the draftsman is apt to be blamed if the results are not what
was expected, even if he did mot design the device in question,
He must be able to calculate accurately the weight of metal in a
casting or forging, must know the strength required and be able
to caleulate strengths of materials so as to get the parts propor-
tioned correctly. He must know whether the pattern is one that
will draw from the sand and should know what cores are neces-
sary. He should also know what machine work is to be done on
the part and should design it so that it can be done most expedi-
tiously. He should be familiar with all the tools in the shop and
have an idea of what can be done on each. He should know all
the standards in the shops, standard parts, fittings, jigs, bolts,
screws, ete. It would be rather bad for a draftsman to design a
piece 84" in diameter when the largest that could be handled
was 80” o rto lay out bolts on a circle with 49 bolts when there
was a standard jig of the same size circle for 48 bolts. There
are many things he must know and he is therefore generally al-
lowed to go to any part of the shop seeking the information he
will need in his work.

The drafting room is where the most of the engineering work
is done, except in large shops where there is sometimes a separate
engineering department. There is more of a demand for tech-
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nical training in the drafting room than there used to be. One
evidence of this can be seen by looking over the want columns of
“The Engineering News,” American Machinist” and other engi-
neering papers. There are very few old draftsmen; it is rare
that you will see a draftsman over forty years of age. Perhaps
as the country grows older this may change, but there must be
some other reason why there are not more now. There is prob-
ably no work as confining as drafting, and so men are inclined
to look for other engineering work than drafting, yet there is no
place in a shop where a man can get such a complete idea of an
engineering business in so short a time as in the drafting room.
Some drafting experience is necessary to all engineers, but a
large amount of drafting experience may be detrimental. A
broad experience covering as many lines as possible is what is
wanted rather than too much time spent on ene trade. The best
engineering education is the one that makes a man the closest
observer and develops the power of describing the most interest-
ingly and accurately.. The draftsman who has these qualities
well developed and can manage men will not remain a drafts-
man very long. There are a great many lines of work that a
draftsman may be called on to do, besides making drawings. He
may be sent to measure up a building, to arrange machinery and
power connections, or he may be called on to look over an ap-
paratus, to make suggestions for improvements and afterwards
be called to get up the design and drawings of the new machine.
He may be sent out to estimate on a certain plant, or to look after
the erection and tests of machinery. In fact he may be called
upon for any engineering work that the firm employing him
needs.

In some drafting rooms one man spends his whole time look-
ing over new drawings and checking the figures on them. The
checker is preferably a man familiar with all the lines of work
done in that office, and after a drawing is traced the tracing goes
to the checker who goes carefully over all the work and indicates
all the mistakes to be corrected or changes necessary. The
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drawing then goes to the original draftsman who looks over
the corrections and if they should be made has them made by the
tracer; if not he fights it out with the checker.

OIL BURNING.
H. B. Greca, "92.

The essential equipment for the successful burning of crude
oil in locomotives consists of

1st—A tank fitted with necessary valves and piping for stor-
ing, regulating and conducting the oil;

2d—A burner that will properly atomize it;

3d—A jet of steam or air for atomizer;

4th—A firebox containing proper brick work, and having
ashpan with suitable openings to admit air for combustion.

To convert an engine from coal to oil burner, remove grates
and grate frames and apply ashpan with suitable plates or cast-
ings that will form support for brick work, and having properly
arranged air openings, with dampers to regulate the supply of
air,

THE BRICK WORK.

This usually consists of a lining of brick on the bottom of
the box, a wall at the front of the box built against the flue
sheet, but occasionally from six to twenty inches back, thereby
forming a combustion chamber in front of arch; and an arch,
shown in illustration, supported on side walls. ~ These walls
extend around the box and form protection for mud ring rivets.
In some engines, however, the arch brick are supported on
studs, in which case the side walls extend up only to sufficient
height to protect mud ring rivets, the front wall in both in-
stances being carried up to arch. The brick arch should be
built as low as possible in order to protect erown sheet, crown
bolts and rivets from overheating.

In arrangement shown special attention is called to the com-
paratively low arch; to the bottom of the box sloping away from
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burner, so that broken pieces of brick falling down will not
lodge in front of the burner and divert the flame; and to the
location of air openings, these being so arranged that the air for
combustion is admitted into the lower pan through dampers,
passes up through air inlets and into the. firebox directly under-
neath the arch, thus being heated before coming into contact
with the firebox sheets and flues.

The burner is bolted or clamped to the mud ring or bottom
plate in center of box, and set at an angle so that the oil spray
will be directed just below or under the arch. Burners in gen-
eral may be classified as inside and outside atomizers. In the
first class the oil and atomizer are mixed inside the burner,
while in the second the oil and the atomizer do not mix until
after leaving burner. With some burners it is necessary to
have a heater box, while others are made with heater and burner
combined. In illustration is shown a separate heater box fast-
ened to frame with necessary piping. In this arrangement the
piping and valves are so connected up that live steam can be
used to blow out the oil pipes, either out through the burner or
back through the oil tank.

It has been found by experience that a rigid pipe connection
between heater box and burner causes the burner to get out of ad-
justment, due to the expansion and vibration of the pipe. To
overcome thig difficulty a piece of hose is put in the oil pipe line
near the burner as shown. The steam for the atomizer and
also for the heater is taken from a tee connection in the blower
pipe. This pipe branches, one line going directly to the burner
for atomizer and the other through heater box to heater coil in
oil tank on tender. The valves for atomizer and heater, also
handle for the oil regulating valve, are located on left side of
engine convenient for fireman.

The fire door is fitted with clamp to hold same tightly closed.
It has a hole in center with escutcheon plate and wing nut.
This aperture is for sanding the flues, which is done occasion-
ally on hard pulls should engine have tendency to lag for steam.
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This method is very effective in cleaning the gum off the flues,
and is only used three or four times going over a division. The
sand is applied through an elbow-shaped funnel made for the
purpose. When sand is being applied by fireman the dampers
are closed and engineers drops reverse lever down a few notches,
in order to make the sand more effective. The sand supply is
carried in a box located on tender. Another method for sanding
flues is to have sand box located up in cab or on boiler with pipe
leading to aperture in fire door, the sand being fed into firebox
by means of an air jet.

An important change in the usual front end arrangement of a
coal burner when engine is equipped for oil is the removal of all
netting and plates. The danger from sparks with oil fuel being
- practically ,eliminated, the front end arrangement consists of

only the exhaust nozzle, petticoat pipe and straightor choke
stack.
A special three-way cock, forming blower pipe connection to
smoke arch, is used in firing up engines in round house or
~where steam or air can be obtained. The three-way cock can
be turned so that a part of the steam or air goes up the stack for
draft and a part back to the burner to atomize the oil.

TENDER EQUIPMENT.

The oil storage tank—illustrated—consists of two tanks con-
nected, built to apply to a standard coal burner engine tank.
The lower occupies the coal space, while the upper extends over
water tank. The two tanks combined have a capacity of between
eight and nine tons of fuel oil. The lower tank is equipped with
heater coil—illlustrated—for heating oil to proper temperature.
Some, however, do not consider this coil necessary, but recom-
mend heating the oil by blowing steam directly into it. The
latter method is much quicker, but as water in oil is very objec-
tionable the heater seems preferable, as with it the condensed
steam cannot mix with the oil.

The safety appliances consist of a pop valve set at five pounds,
an air gauge, an air vent valve and two automatic safety valves.
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One of these (see detail) located in the bottom of tank in the oil
outlet has stem extending up through top of tank and stuffing
box, and is held in open position by an eye pin passing through
stem. Fhis pin is connected to back of cab by a small wire or
rope, which in case of break-in-two between engine and tender
pulls out the pin, when valve closes automatically and stops the
flow of oil. The other safety valve is in outlet oil pipe between
tank and burner and is also connected to engine by chain, which
in case of break-in-two automatically closes it. This valve is also
used to shut off oil while engine is standing in round house with
fire out, it being operated by rod extending up through deck.
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Fig. 3.—Inside Atomizer Burneri

A Westinghouse reducing valve adjusted to five pounds is used
in the air line between air reservoir on engine and oil tank. It is
sometimes necessary with heavy oil to carry about five pounds
air pressure in oil tank to maintain a uniform flow of oil to
burner.

With new equipment it might be preferable to use a combina-
tion oil and water tank in which the oil tank is wholly sur-
rounded by water except on the bottom. This style is safer, but
in it the oil is subjected to the cooling effect of the water sur-
rounding it, there being only a single sheet of metal between
- the two.
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Following is detailed statement of cost of labor and material
in changing 20”x26" ten wheel engine from coal to oil burner.
Oil reservoir, drilling, tapping, putting in place and

BOCULING BAIMNG « + v veaesasvarossasssssassnsess $21.60
Automatic valve ............. it 24 3 & samcbanimibeib 4 3.90
Heater in oil tank .....ccvviiiiiiiiinninnnnnn. 5.20
Heater pipes «vovverveceerrsrasrosssnssiaceoss 1.20
Reducing valve ......ccoiiiiiiiiiiieniinnnn. 4.54
Adr pipes . covvveveeiiitiiiiiiiininitainen e 6.30
BUINOT 4605565 aewonsiss ¢ saueasns s ¢ s vonmes j 3.10
Heater BoX ciscvswamssns sy samesasass vy voaws 3.00
Heater HoBa &« o i s sonainie mie o v soersaimam s e s o swmms 1.40
Oil hoBE . vvvvvvverrerneenernesnennennnnnnnsn 2.15
Btop COCKE ueuseesnanomnmrosessenasiuonoesssso 1.53
Regulators ......cccveccsievnsanncsnosessssae 2.16
Atomizers and pipes .......viiiiiiiiiiiiaiaan .95
Brick walls and brick arch ...........cooviviien 42 .25
O] TAPOB vocncnnoss s 5 5 sebuing s 4 ¥ 4 SUEREIPII R 75 3 .55
Erecting,—blacksmith, machinist and laborers ..... 32.50
Removing coal burning deviee .............0..0n 3.00
Building and placing ash pan, and material ........ 14.75
Sl bowand funnel . . o cwosweena s 5 a0 swmrmn o s 2.50
Pop and air gauge . e 5.06
One set of oil tanks, consmtlng of two tanks ........ 174.83

$332.40

In the safe handling of oil caution must be used in oiling and
firing up engines and in examining and repairing empty tanks.
In oiling up engines at night do not approach manhole of tank
with lantern or torch for ascertaining amount of oil in tank. In
firing up engines never open oil valve before throwing lighted
greasy waste into firebox, being sure same is burning when oil
valve is opened. Do not enter tank for the purpose of examining
and repairing same until oil has been drained and the tank
washed or steamed out.

In firing up an oil burner, where steam can be had for blower
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and atomizer through connection to three-way cock on smoke
arch the fire is started by throwing a lighted piece of greasy
waste into firebox, then opening atomizer valve and starting oil
lightly. After steam forms in the boiler it can be used for
atomizer and blower in the usual way. Where no steam or air
is available for atomizer the fire must be kindled with wood
until enough steam has been formed to work atomizer.

To a fireman used to shoveling ten or fifteen tons of coal into
a firebox in going over a division the work of firing an oil
burner seems comparatively light, but to keep a uniform steam
pressure and a clear stack necessitates close attentiom, for a
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Fig. 4—Outside Atomizer Burner.

change in position of the throttle or reverse lever, or difference
of speed, usually requires a readjustment of valves regulating
the supply of oil and atomizer to burner. In stopping at sta-
tions or when drifting the fire is cut down by moving the regulat-
ing valve handle up against the adjustable stop on the quadrant
(see illustration). This stop is adjusted so that when the valve
handle is up against it the oil will be just sufficient to maintain
a light flame in order to prevent waste of oil, black smoke and
engine popping off. The fire should not be allowed to go out
while engine is running, as cold air will be admitted into fire-
box and injure the sheets and flues. The fire going out can be
detected by the milky white color of the smoke coming from the
stack. Can also be detected by the odor.
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Too much care cannot be exercised in keeping a uniform
steam pressure, for with an oil burner the steam pressure can be
raised almost instantly, and it is this irregular and over-firing
that causes sudden contraction and expansion of the sheets,
leaky flues, and in some instances melting the rivets off inside
of firebox.

As to the road service given by oil burners compared with that
of coal burners, the oil burners will usually handle their tonnage
better and get over the road with less delay on account of having
more steam and requiring no cleaning of fires or front ends. It
also requires less time to turn engines at terminals, there being
no cinders to eare for.

Engines are oiled by means of a crane and spout. Elevated
tanks used at small intermediate points. These tanks are also
used at terminal stations where the main supply of oil is kept in
a large additional tank. The oil is transported from the oil fields
in ordinary cylinder tank cars, which are equipped with heater
pipes to facilitate unloading. From the unloading pit into which
three cars can be unloaded at one time the oil runs by gravity
into an underground tank. From here it is forced by air pres-
sure to the elevated tanks or into the main storage tank as de-
sired. At places where no air pressure is available the oil is
pumped, except in some special cases where the tracks and tanks
are so situated that the oil ean run by gravity into the storage
tanks. '

In issuing oil to engines, tanks are all calibrated and a sched-
ule of capacity calculated for each inch in depth; and depth of
oil in tank is measured before and after taking oil and entered on
a ticket provided for the purpose. Each fuel station is pro-
vided with a copy of schedule of capacity of each individual
tank, from which reports of oil issued to engines are made.

In general the comparative cost of handling oil fuel is esti-
mated at T5 per cent. less than coal. It is free from starting
fires along the right-of-way or setting fire to equipment, and be-
cause of its freedom from cinders and black smoke is preferable
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for passenger service. The additional cost of repairs to brick
worl, flues and fireboxes, and consequently their shorter lives,
is estimated at 25 per cent. more in oil burning engines than the
cost of repairs to flues, fireboxes, grates, stacks and front ends in
engines burning coal, :

TESTS MADE WITIT OIL FUEL.

Below are given extracts of reports of tests made with engines
in regular working service:

“Report of tests showing the comparison of coal from Gallup,
New Mexico, with oil from the Bakersfield district, as used in
locomotives in freight service on the fifth division of the S. F.
P. R. R. between Needles and Bagdad, California.

“The engines selected were of the consolidation type with
21”x28" cylinders, 57" driving wheel, 68" boiler. Weight on
drivers 144,500 pounds, on truck 17,000 pounds, total engine
161,500 pounds. Steam pressure carried, 180 pounds. In one
instance engine 465, a 20"x28"” cylinder ten-wheeler, was
coupled with a consolidation engine for one trip. On all runs
engines were run in pairs (double headers).

“The following method was used to find the amount of coal
consumed. Before leaving Needles the engine tanks were coaled
up and filled full of water and then weighed. At Bagdad, there
being no seales, the coal left on the tank was estimated, the tanks
then coaled up from chutes and the coal chute weights taken.
Upon return to Needles the tanks were first filled with water and
then weighed. The difference between the two scales weights,
plus the coal chute weights, gives the total amount used on the
round trip. Usually the amount of coal left on tanks both at
" Bagdad and at Needles was so small that it could be estimated
fairly close; in some instances the coal being entirely gone.

“The amount of coal charged to the engines each trip includes
that used to fire up or to keep them hot while at terminals.
Usually at Needles the engines had to be rekindled, while at Bag-
dad engines were kept fired up.
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“The above is also true of oil burners. The amount of oil
charged to engines includes that used to fire up and to keep en-
gines hot while at terminals, The amount of oil used was found
from the known capacity of the tanks on the engines.

“In estimating the ‘Tonnage Hauled’ and ‘Car Mileage’ the
water car carrying water for the engines is counted one load and
its tonnage included. The way car is figured at 16 tons, but is
not counted in the number of cars or the car mileage.

“Three empty cars are ﬁgﬁred as equivalent to two loads.
Under column ‘Time on the Road’ is included time between
leaving and arriving at terminals. ‘Running Time’ includes
only the actual time train was in motion. ‘Delayed Time' in-
cludes all time taken up for stops of any kind.

“From the tests in road service it was found that between
Needles and Bagdad the amount of coal burned in hauling 1,000
tons one mile is 856 pounds and of oil is 159 pounds, and to
haul 1,000 loaded freight cars one mile is 11,946 pounds of coal
and 5,334 pounds of oil.” .

“Report of road tests to determine the amount of fuel oil used,
ped ton mile and per car mile in freight and passenger service.”

Statement “A” is of tests made over mountain division.

From these two statements it is found that the amount of oil
consumed per 1,000 ton miles and per 1,000 car miles is as
follows:

MOUNTAIN DIVISION.

Oil per 1,000 ton miles, through passenger service, westbound,
is 189 pounds; eastbound, 321 pounds.

Oil per 1,000 ton miles, freight service, westbound, is 142
pounds; eastbound, 246 pounds.

Oil per 1,000 car miles, passenger service, westhound, is 7,039
pounds; eastbound, 11,865 pounds. _

Oil per 1,000 car miles, freight service, westbound, is 4,349
pounds; eastbound, 7,376 pounds.




159

0il Burning.

wa.ﬁ.@ﬁ.m HOO@N.ﬂH *N.NL.D.NH e e ses e e e sEbe s ssssssnnen .........@nﬂa 8o H@mm .HawOD wO nHO.EnHQHDm‘HOU 0@&H®><

FLLCGE" iddaz 76C9g" T T AR A TR mmEH uog aad 1809 JO mozm_ﬁsmﬂoo a8BIoAY

O@N.N@m OH@M@H ODH$@H ..... s esasma s P R i ) R .@WE.DU«HOD M.NOO w.mw.g.:Onm ﬁﬂu_Oh—\L

99208 1186T 68FOT |t R T A TR S DB SO[IUI 18D 19 UINT [BI0],

CesB10L 166FLF QeSFHa R e TR AR TSR ST S “+++ opEUI SO[IUN U0} IOQUINY [BIO],
"JSE PU® IS0\ | TPUNOY ISBH ‘punog M :
81CC'GT | GI6TF" | 00FCF |(L19¢ |G@E80T| 06°CT | ¢ CUUWIT LT Y L |TCCUCUUIW G A E |t UUIW g AU 6 | LL9-0¢9  [10-€ -¢
SETL 01 | CI66E° | 00%&F |6E6E |FOOTFI| LG°€T | 8 Ul ¢p ag 9 |ttt umr ¢ Iy § |7 Uil 8% I QT | £29-099 (T0-T -G
SLIF 81 | 8FFLE" | 0CgFF |86GS |FOTSTIL| LE'TIT | ¢ Trutw gy g |ttt Ui 9¢ IY g | Uuna ¢ Iq 0T | €89-8¢9  |T0FI-¥
6FFL°6 | 69963 | 09418 |630€ |L¥RLOT| 0S°8T | 9 TUUUIW LG AU § |t UM Qg Iy g |CCUUumum AT aq L | 689-699  (10-@l ¥

*ANNOT ISVE — LHOITH
9208731 | L3CGLE" | 0GCT¥ [862S |02660T| F&'FL | 9 rutm T Ag 9 |ttt U A7 Qg |CCUUumm ¢p g 8 | LL9-069 |10 —¢
6¢C9°0T | S¥8FE" | 04688 [F99€ |FPSITI| ¥1°CT | 2 UUIW ¢ I g |t UUIW LAY Q |t uIl 0g I gL | A49-099  (TO-0€F
FLE8 11 | 90%08° | 0696E |0¥8G |0LFOTIT| 92791 | L Trutmx 8¢ Ay g |ttt urur g ag L |t Ut groaq gr | €L9-€F9  |I0-LAIF
LL08°31 | 9SL1¥" | 0PEGF |[S56EE |PB9Z0T| 60°FT | 9 Trutur g g g |ttt ui g Ay g |tccUulm gg Iy 6 | 689-899 ([I0-€[-F
9QLIL GT | 01G6E" | O0IEF |688% |0@660T| 1E°ST | 4 Trruli 9g g g |ttt Ui gz Iy § | curm 9T Mg IT | €89-¢C9  |10-TT-F
oI Ol A .
mmwu HMus_ﬁo ﬁ%ﬂmﬂ SO "SOTIN Mm sdog ‘amry, SuTun ‘auuLy, palere “prOY oy} uo ewi],| ‘oN 3u "HLV

Sputod | spunoq 1) | uol, | peeds | ‘oN L, sutuunyg I, peAR[e@ |PeOY ot} LL| "ON "eUH a

*qEsn TV SANAOJ 95BIAAY

‘AVAOVI O STTATAN—H 9 'd 'd 'S ‘WIIN 9VD ANV NOL ¥dd NOILJIWASNOD TVOO

"aNNO0d ISTM — LHOHITEL

‘g 'ON



VREEr.

isconsin Engi

The Wi

160

ceeo' G 088 % 184°G serereegum xed a9d 1o jo uonydwnsuod o3BIoAy

9geT" eZFT” TBRIT: = [P0 LA smeamen emt st cresecanm wog xed (1o jo uonpdmnsuod oSeIoAy

£1£08T F0ETO 69068 S " pemnsuod 110 spunod [gjoy,

L a 5 i i SR e T B SO O Sl o

0 i o covmcera e s s s s e I S S | 0
ISBI PUB IS | punog ISBi ‘punog 159 M
$68°C e0aLT" | oLzLT MWWW_”“HMQN P66 |0 seEass]essnns annonmemanlinns vonvsnnc s onm gr Ay MMM 10-92—%
8607 | 29861" | 0ggrT | DRSS ld0ze |9gIETIILEE |&  |WW g wqp |uwmg cay | oupm op g g L
068°% | 8eabl’ | egaet | Sl e |6seoorser0c | ¢ | W Lgxqp | wmmoop aq T | wmm gp g g bel - [
o8 | asser | erart | A8 [seas ogsort| e T T TR e mww TO-TeF

“ANNO9 LSVE — LHODIZTA -
cer'9 | wheas | 8Lazs | Sl [seas |o60l6 [eaaT | er | wmmerge |wmg tugg |wnm ggager gL lo-gas
6ee's | Lozen | aesvt | SE03 lowse |zausorteter |4 | wrw gpmgy |rwmm g agg |unmoer gy &l s
§70'0 | ep18T’ | aresT | SO0 lsgze |ogeeorli6er | L |wi ppame |unm gpamg |cui gz ag 6 & (e
sege | ossLr’ | gster | S06 lorre |osoronjoz szt |8 | rwrw sz aqo |rwmm ggagy |ownm g g or Ses |ro-0z-%
go8'% | GoobT' | soseT | S04 lovez [zsess fog'or |8 | ummegime | mm gpeugy |ww 1z agor oy [toor-
R | Ol | . auiduy 2
posp | °hE aH
1e) oy, qows |, ] st | . ’
spunog |spunog | ®¥°L | gpunog m.MW& mew_w} @W&HM amvﬁmm oLy, Sutuuny | -ewy], peferaq og ﬁommﬂﬁ %ﬁmym IV
"qaFsn 110 TANdg WQZDOM @.Mow.wwhwd.
. "aNA0g JISIM — LHDIZHJI
‘AVaOVE OL SHTATAN —d 4 'd I 'S ‘WIIN Y¥D ANV NOL HEd NOILIWASNOO TIO TINI ‘T ON




161

0il Burning.

No. 3. TONNAGE HAULED — FREIGHT SERVICE, 8. F. P. R. R., BETWEEN NEEDLES AND BAGDAD.

COAL BURNERS — WEST BOUND.

. TRAIN. Tauiy, Distance
Dare. Zmum%www. Wo; T wﬂﬁ%oﬂ@” Tonnage. Stations. WM%%%ME Ton Miles. | Car Miles.
Loads. | Emptys| 2 Loads. 8.

4-11-01 | 653-685.... 35 4 37 1200 | Needles-Bagdad....... 91.7 109920 3389
4-13-01 | 653-685.... 21 22 36 1121 | Needles-Bagdad....... 91.7 102684 3298
4-17-01 | 643-675.... 31 SRR ——— 1206 | Need es-Bagdad....... 91.7 110470 2840
4-30-01 | 650-677.... 20 30 40 1221 | Needles-Bagdad....... 91.7 111844 3664
5- 2-01 | 650-677.... R R 1200 | Needles-Bagdad....... 91.7 109920 3298
. COAL BURNERS — EAST BOUND.
4-12-01 | 6563-685.... 33 PR [ 1173 | Bagdad-Needles....... 91.7 107447 3023
4-14-01 | 653-685.... i1 J [P S 1290 | Bagdad-Needles....... 91.7 118164 3298
5- 1-01 | 650-677.... 43 |.oviienn wonn i ST 1540 | Bagdad-Needles...... 91.7 141064 3939
5- 3-01 | 650-677.... 22 7 27 844 | Newberry-Bagdad..... 56.4 47602 1523
5- 3-01 | 650-6%7.... 23 22 38 1102 | Bagdad-Piute ......... 55.1 60720 2094

L) TR P Newberry-Piute..... .. 111.5 108322 3617

OIL BURNERS — WEST BOUND. .
4-16-01 | 713-465.... 3 42 31 1026 | Needles-Bagdad....... 91.7 93982 2840
4-20-01 | 713-723.... 28 9 34 1110 | Needles-Bagdad..... ws 91.7 101676 3115
4-22-01 | 713-723.... 32 6 36 1200 | Needles-Bagdad....... 81.7 109920 3298
4-24-01 | 713-723.... 26 7 31 1176 | Needles-Bagdad....... 91.7 107722 2840
4-25-01 ' 713-723.... 32 7 36 1060 | Needles—Bagdad....... 91.7 97096 3298
OIL BURNERS — EAST BOUND.

4-21-01 | 713-728.... T R 1210 | Bagdad-Needles....... 91.7 110836 3298
4-23-01 | 713-723.... 33 2 84 1168 | Bagdad-Needles....... 91.7 106989 3115
4-24-01 | 713-723.... 7 T DA PR T 1235 | Bagdad-Needles....... 91.7 113126 3206
4-26-01 | 718-723.... 251 IR PO 1090 | Bagdad-Needles....... 91.7 9985 2931
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Oil Bu

FUEL OIL CONSUMPTION PER TON AND CAR MILE ON 8. F. & 8. J. V., BETWEEN STOCKTON AND BAKERSFIELD

i s PASSENGER — WEST BOUND.
. | Time : _ Average . .
: Train Delayed | Running ! No. of Ton Car |Total pounds|Total oil per,Total oil per
Dare.| Engine No. | 'y 0. wwwm Time. Time. | Stops. Hﬁmw Miles. | Miles. | oil used. ton mile. | car mile.
E.mm‘ SIV.0L 17| L1663 _ 28 m 40.2 m 71438 | 1806 10031 1404 5.554
10-251 8. J. V. 205.. 5 _ 7.26 1.20 6.06 21 42.3 39008 897 7064 L1811 7.875
PASSENGER — EAST BOUND.

10-23) 8. J. V. 201. # ﬁ 7.58 _ 1.08 _ 6.50 29 _ 37.7 71438 | 1806 _ 10611 .1485 5.875
10-26, S. J. V. 208.. 8.15 1.08 7.07 21 36.2 39008 897 7368 .1889 8.214
FREIGHT — WEST BOUND. BAKERSFIELD TO FRESNQ VIA HANFORD.

10-29] 8. F. P. 90... 33| 6.24 1.59 4.25 10 25.1 94256 2864 6485 .06880 _ 2.264
10-31| 8. J. V. 204.. 33 | 4.44 0.40 4.04 5 27.3 131835 4203 8064 .09116 1.917
11- 7| 8. F. P. 93...|Ex.w.| 7.05 1.40 5.28 10 20.5 130871 | 4439 7950 .06074 1.791

. FREIGHT — WEST BOUND, FRESNO TO STOCKTON.

Honww_ 8. J. 4..&0*.._ _ Hq _ 0.56 4.21 ; 4 _ 28.2 143411 4432 ﬁ 8073 .05629 _ 1.822
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LEVEL DIVISION.

Oil per 1,000 ton miles, passenger service, east and Westbouﬁd,;
165 pounds. '

Oil per 1,000 ton miles, freight service, east and westbound,
79 pounds.

Oil per 1,000 car miles, passenger service, east and westhound,
6,879 pounds.

Oil per 1,000 car miles, freight service, east and westbound,
2,379 pounds. '

NOTES ON EUROPEAN ELECTRICAL PRACTICE. |
H. A. LarDNER, 95,

The following notes are taken from letters received from Mr.
W. C. Burton, of the class of 93, who is now electrical engineer
of J. G. White & Company Limited, in London, England. One
of these letters was written after a return from a visit to the
factory of the Allgemeine Electricitats Geselleschaft at Berlin,
Germanv. '

ALLGEMEINE ELECTRICITATS GESELLESCHAFT MACHINERY.

The general design of the alternating current generators man-
ufactured by the Allgemenine Company follows very closely the
rotary field type of the alternators made by the General Elec-
tric and Westinghouse Companies. They are, however, beginning
to turn out rotary field machines of large size, with only skeleton
frame work to hold the laminations of the armature, instead of
the usunal cast ring. The laminated core is fastened at points 7
to 8 feet apart and the necessary strength is obtained by a system
of truss rods outside the machine. This looks like a very light
construction, but a 2000 KW machine was observed running
with apparent success. The railway motors manufactured are
almost exact duplicates of those made by the Westinghouse
Company in this country. Commutator work, insulation and
metal work of all kinds are very carefully done.
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The armature windings of most of the Allgemeine’s electrical
machinery are made up almost entirely of wire instead of formed
coils. On the armatures of rotary field machines the teeth are
practically closed at the top, the opening being not over a milli-
meter wide and insufficient for the admission of wire. A tube
of micanite is put through the tooth opening and the wire wind-
ings are threaded in place, a continuous wire being used all the
way around the coil. This character of construction gives mate-
rially better regulation and efficiency than does the American
type of coil winding, but is of course extremely difficulty to re-
pair, as the entire winding must be taken off and rewound if
there is a serious burn-out. The wire wound armatures must be
materially more expensive to build than the American type, but
as machinists in Berlin receive about 80 cents pe day the matter
of labor cost is of much less importance than in the United States.

The same results of low wages are shown throughout the shop
practice generally. Even in the apparatus works where the
meters, arc lamps and similar small material are made there is
apparently not a single automatic tool. In the main factory
there are some excellent large machine tools, such as boring
mills, laths, ete., all of which were made in the United States.
Jig work is generally noticeable by its absence. Every railway
motor frame is bolted together and set up on a face plate com-
plete, and all of the drillings are laid out separately by dividers.
Any one who has seen this class of work being done in the large
factories of the United States will appreciate the difference.

In the manufacture of induction motors the rotors are wire
wound, as well as the stationary parts, and on account of the
coils being completely embedded in the iron with closed teeth the
motors are run with extremely small air gaps and a consequently
high power factor and efficiency. The electrical characteristics
of the Allgemeine’s induction motors are excellent, but the cost
of repairs and the necessary time for effecting them will neces-
sérily be greater than with the types made in the United States.

The transformer practice of the Allgemeine Company differs
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materially from American methods. All transformers for poly-
phase work are polyphase transformers. Transformers were
seen as large as 1,100 KW, transforming from 6,000 volts to 280
volts, and 3 to 6 phase, all in a single piece of apparatus. This
arrangement of transforming all phases in one transformer is
a:exi:r(:‘meljr compact and about half of the space is required for
the same capacity that would be used with three transformers.
Naturally, the difficulty of repair and replacement is materially
greater. Practically all transformers are oil cooled.

The switchboards are materially different in design from
those used in Amerieca, the quality of work being very good but
not well standardized. Panel construetion seems never to be
used, each board being designed independently. An angle iron
frame is built up of the required size of the board and marble
put on in large slabs, instruments being arranged similarly to
the panel construction in sections along the board. Even for di-
rect current low tension work it is customary to allow no live
contacts on the front of the board. A table is arranged behind
the panels about two feet wide and three feet above the floor
level. On this table the switches are placed horizontally both
for alternating and direct current work, and are actuated by
levers which pass to the front of the board. The switches for
high tension work are of a long air break design, oil switches
being somewhat uncommon. Very few quick break switches are
used. The magnetic blow out circuit breaker is used for direct
current work, but fuses only are used for protecting alternating
current circuits. Hot wire instruments of the Hartmann and
Braun type are used principally for alternating current work
and electro-magnetic instruments for measuring direct currents.
Instruments are ordinarily sunk through the marble, only the
face showing flush with the face of the board. The marble of the
switchboard is polished on both sides, and the wiring work is ex-
cellently done, all small wires, ete., being clipped tight to the
marble.

There are in Berlin six large central stations controlled by the
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Allgemeine Company and three of these contain units of 3,500
kilowatts. One of these stations was visited which contained
five 8,500 KW—6,000 volt—50 cycle, rotary field machines.
Each was driven by a four cylinder triple expansion horizontal
engine operating with highfy superheated steam. The engines
are very compact and the workmanship on them is fine. There
were only two men in this large engine room; oiling and every-
thing else which could be, was done automatically. Flaborate
coal handling machinery was installed just outside of this sta-
tion taking coal from canal boats and delivering it in the front of
the boilers, but the firing was done by hand.

The cables connecting these six generating stations with the
various substations in Berlin are three conductor paper in-
sulated, laid directly in the ground. The secondary distributing
system for lighting is 440 volt, 8 wire direct current, and for the
tramways 550 volts direct current. Both of these systems are
fed from the 6,600 volt alternating current by means of step
down transformers and rotary converters. There are also a few
motor generator sets feeding the system. Each rotary has
mounted upon its shaft, in a manner similar to the starting
motors used in America, an alternating current booster by which
the pressure can be varied, thus permitting a wide variation of
pressure on the direct current side. By this means it is possible
to use the same rotary converter for feeding the 440 volt mains
for lighting and the 550 volt mains for the tramways. It is pos-
sible to use this booster as a hand regulator, and it is therefore
particularly satisfactory when the machine is used for lighting
service. The rotaries which were of 1,100 KW capacity were
apparently running most excellently on 50 cycles, but the manu-
facturers are not entirely satisfied with them, as they consider
this frequency too high for large machines on tramway service.

The storage batteries are of the Tudor type and are used in all
of the substations to regulate the neutral for the lighting system,
and for regulating. They are seldom used for heavy discharges
or peak loads.
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STREET RAILWAY REGULATIONS IN ENGLAND.

The English board of trade testing requirements for street
railways are quite unusual and some comments from Mr. Burton
on them will be found interesting.

Four records and sets of tests are required and must be regu-
larly made and reported on by all power stations operated with
a grounded return.

A continous record must be kept with recording instruments
of the drop in potential between the extreme points of all track,
and the ground plate in the station. This drop must never ex-
ceed T volts, and the measurement requires one or more record-
ing voltmeters with a range from 0 to 10 volts arranged with
plug over connections, so that they may be connected in series
with any one of the test wires running to different points on the
track.

A continuous record of the current returned to the negative
bus bar by way of the ground plate connection, instead of
through the rails, must be kept. It is provided by the board of
trade that this current must not exeeed, under ordinary condi-
tions, either two amperes per mile of single track, or five per
cent. of the total current output of he station. This test requires
a recording ammeter continuously connected in the ground con-
nection with a range of zero to at least 5 per cent. of the max-
imum station output. The amount of current returned through
the ground connection is obviously dependent upon a good con-
tact between the ground plate and the earth. In order to insure
this low resistance contact it is provided that there shall be in
each station two separate earth connections placed no less than 20

vards apart. These connections to be so maintained that an
electromotive force of four volts shall suffice to produce current

of at least two amperes from one connection to the other through
the earth. , .

The insulation of the overhead lines and of all feeders shall be
g0 maintained that the leakage of current does not exceed 1-100
of an ampere per mile of line, and if this current exceeds § an

b
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ampere the running of cars must be stopped umless the leak is
removed with 24 hours.

In order that the maximum track drop of 7 volts shall not be
exceeded, it becomes necessary on tramways with a moderately
heavy traffic to locate stations every mile or so unless enormously
heavy return feeders are put in. Of course neither of these
methods is practicable and boosters in the return track feeders
are resorted to. These boosters are ordinarily motor driven
series wound generators but are connected between the negative
bus bars and feeders running to various points on the track. A
sufficient amount of current is drawn back through these feeders
by means of the boosters to keep the current flowing through
the rails down to an amount which will not produce a drop of
over T volts. The ordinary method of calculation of pressure to
be given by a booster is to determine the total maximum current
which will be used in a section of track to be taken care of by the
track feeder in question, to then assume a size for this track feed-
er, limited by its carrying capacity, and put in series with it a
booster which will give a pressure equal to the total drop in this
feeder when carrying the maximum current. It is obvious that
by this means the potential at the outer end of a track feeder
will at all times be the same as on the negative bus bar. A large
station will sometimes have a dozen or more of these negative
boosters connected into the different track feeders all boosting
different amounts.

MANUAL TRAINING IN HIGH SCHOOLS.
W. A. Ricmarps, ’99.

In 1877 Prof. Woodward introduced a system of exercises,
copied in part from the Russian exhibit at the Centennial Expo-
sition in Philadelphia. These exercises consisted mainly of the
more common joints used in ordinary carpentry and cabinet
work and a few exercises in iron to bring out the principles of
forging,
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Next came the Sloyd or Swedish system, which starts in with
a drawing; from this drawing a pattern is made. The wood is
marked from this pattern, and then finished. The exercise when
completed, is some useful article. The Sloyd is used in this
country, mostly in the lower grades.

The third and now most generally used system is a combina-
tion and modification of the above, and is the one we use in Mil-
waukee. The work is spread over four years. One year of join-
ery and turning, one of cabinet and pattern making, one of forg-
ing and foundry, and the last year is spent in the machine shop.

In the wood work we start with a very simple exercise, plan-
ing a board to a certain dimension, then marking it off into two
nearly parallel curves, so as to form a coat hanger, when the ma-
terial is cut away to thelines. This exercise brings in the use of
the plane, saw and chisel.. The next exercise is an elliptical
bread board, which brings in the cope saw. At this stage the
pupils are competent to join different pieces, and exercises which
bring in some of the more simple joints, such as a box or a picture

frame, are here introduced, and some joints (mortise and tenor-

dove tails, ete.) alone are made.

The joinery covers one semester, then the pupils go to the
turning shop. Here the exercises are the same as would be
found in any turning shop or school. The first five or six bring
in the uses of all the turning tools, while several more are added
for practice with a few pieces of face plate and chuck work. All
the exercises in wood are either finished in plain shellac or are
stained and finished.

At the beginning of the second year the pupils are in shape to
start cabinet work. The first exercise is usually a tabouret or
some other simple piece, which, after being set up, is filled,
stained, shellaced, varnished and rubbed, giving a very good
training in the polishing and finishing of furniture before the
next and more elaborate exercise is taken up. This second exer-
cise is a book case, table or some other piece, which will cccupy
the remainder of the semester. Lastly the pattern work is taken
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up with such exercises as will bring in all the principles of pat-
tern making. As a last exercise a pattern is made, which is to
be used later on for a casting, to be finished by these same boys
in the machine shop.

+ The first two years the work is taken up in one hour periods,
as it has been found that the pupils at this age get tired at the
end of an hour, and that fully as much work is accomplished on
the average, in one as in two hour periods. Beginning with the
forging, the pupils work two hour periods, and spend the entire
year at the work, with the exception of one month devoted to the
foundry work.

The forging course is practically the same as at the univer-
sity, and includes most of the exercises. We start with the simple
exercises in drawing out, bending and upsetting, and lead up to
welding and work in steel. Iach pupil at the end of the year,
has a complete set of tools to start with in the machine shop. The
writer makes a great deal of ornamental iron work, and has each
pupil draw a design for a jardinere, lamp or some other article,
and insists that the exercises be made out of iron, heavy enough
to need the forge in shaping it.

In the foundry only a few patterns are placed in the sand but
with these are taught sll the principles of moulding. Plaster of
Paris is used to fill the mould, as it acts very similar to iron. A
few fancy pieces are made and pounded in lead, which the pupils
can keep as souvenirs of their school days in the foundry.

The last year is devoted to machine shop practice. Here the
pupils are first given a few exercises to familiarize them with
the workings of the different machines. After these exercises
have been completed, the construction of a lathe or other exer-
cise where the fitting together of parts makes accuracy a neces-
sity, is taken up and pushed to final completion. As far as pos-
sible the pupils are given exercises, which when completed are
machinists’ tools. These and the tools made in the forge shop,
placed in a chest, which can be made as one of the cabinet exer-
cises, forms a nucleus for their future outfit, if they decide to
become machinists or engineers,
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I have here covered briefly the course followed in our classes.
I wish to add that there is room for a great many improvements,
and that in my estimation, some of the work is not manual train-
ing but trade work. I would have the drawing department and
the shop more in harmony. The exercises should be worked out
in the drawing room by the pupils, and then taken up in the
shop. The pupil can in this way, by making his own design, not
only improve in drawing, but also retain all the manual training
benefits of a regular standard exercise, and make the work more
interesting. I have insisted as far as possible, that the orna-
mental iron designs be original. This has met favor with the
~ teachers of drawing, and with a few suggestions from her, some
very pretty work has been turned out, as the result. When it
is not to the pupils’ disadvantage in the machine shop, they are
allowed to make something for their own use, but an accurate
drawing must be made first. '

While most of my work is in iron, it is my opinion that the
real value of manual training stops with the wood work, cer-
tainly with the forge work, and then the technical or trade work
begins. Especially is this so in the machine shop. Manual
training was introduced and developed to train the eye and the
hand at the same time as the mind. This aim is reached in the
wood, but when it comes to the machine shop, outside of a very
little training of the eye to fine measurements, there is no great
amount of manual training in its true sense.

There is another thing of great importance, which should be
taught in manual training and is much neglected, perhaps be-
cause it is the hardest task we have—neatness, 1 find it the
hardest of my duties, and nnless T am continually giving pen-
alties and am ever watchful, some one is sure to leave tools scat-
terod around, and shavings here and there.

I am sometimes asked: “Is manual training here to stay, or is
it a fad?” My answer has invariably been, that it is here to
stay ; providing the school boards will appropriate enough money
for its existence. It is an expensive branch to keep up, and it
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requires teachers, who can ony be found in the engineering
courses at our universities. These engineers will not take up the
work on account of the small salary, and the fact that there is no
chance for advancement. The only other sources of teachers are
the trades, and manual training graduates. As tradesmen have
not the requirements and qualifications of a teacher, they are
barred, and to take a boy just after he has graduated from the

manual training course, and ask him to teach the same course, is
not good pedagogy. So until the school boards find out that they
are in competition with the manufacturers, and look to obfain-
ing and holding engineers, there is danger of the work degenerat-
ing into little more than kindergarten work, by introducing into
the grades a few exercises in wood.

In closing let me add just a word to the engineering students
of Wisconsin, who may be thinking of taking up the manual
training work. I could not advise any one to go into the work,
unless he felt it his duty to the community and to mankind to
sacrifice his prospects of becoming a noted engineer for the fate
of a pedagogue, sure to be turned down in old age. Tt is true that
one can make more the first year or two in teaching, but at the
end of this time, the engineer in practice goes ahead, while the
teacher, if he wishes to change to engineering, will have to start
at the bottom, where his brother did.

THE TRAINING COURSE FOR ENGINEERS OF THE
GENERAL ELECTRIC COMPANY.*
THOMAS HOWE.

It is my intention in this article
to give some idea of the system or
course of training employed by the
General Electric Company in de-
veloping its engineers. A system
of this kind has been maintained by
the company for many years.
While the course is intended
mainly to fit men as engineers, it is

recognized that those who have had this training possess a superior

*8ibley Journal.
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equipment for entering commercial work, and there is conse-
quently a demand for such men in that branch of the business.

Technical graduates and those who have otherwise equipped
themselves for the work are admitted to the course and are rated
as special employees. There is evidently a preference for the
former class of men as the latter constitute a small percentage of
those employed.

Until recently the course was limited to the testing depart-
ment, and heads of departments in need of assistance applied to
the head of the testing department for men; but in January of
this year a letter was issued by the chief engineer and third vice-
president of the company in which he said, substantially, that
men to be preferred for advancement to positions in the engi-
neering departments must spend at least one year in the test-
ing department and six months in the drafting room.

In choosing between two men equally qualified, the one of
longest training is given the preference.

In all cases of transfer from one department to another, the
consent of the heads of departments concerned is to be obtained,
and the transfer then submitted to the chief engineer of the com-
pany for approval.

This letter gives a general outline of the policy of the com-
pany with regard to its special employees, but it may be de-
parted from as circumstances warrant.

Under some circumstances, where a man is undoubtedly qual-
ified for a position, he may be recommended to it from either the
testing or drafting department without having had experience
in the other, but other things being equal, men having had ex-
perience in both are given the preferénce.

The special employees in the drafting room are comparatively
few in number at present, which is undoubtedly due to the fact
that the present system of training has been in force for such a
short time. All the testing, with almost no exception, is done by
special employees.

While the training described is intended to fit men for more
advanced positions, it should be borne in mind that any depart-
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ment in which a man may find himself, in the pursuit of such
training, is a part of the system for forwarding the business of
the company, and that he is employed in the position which he
holds because of the service he can render in that capacity. He
should not be surprised, therefore, if he is required for a time
to do work which does not yield him as much information as he
might acquire if transferred to some other work in the depart-
ment. It is, nevertheless, true that every opportunity con-
sistent with the progress of the work is given to acquire as much
experience as possible.

It should also be understood that the company does not guar-
antee positions to its specfal employees at the end of their train-
ing. In fact, the end of the training is indefinite. It is believed

TESTING DEPARTMENT.

that, generally speaking, it is necessary for a man to spend at
least one year in the testing department and six months in the
drafting room in order to acquire the necessary training and
demonstrate his capabilities. It may, however, be longer, de-
pending upon the progress the man has made, the demand
for men of his qualification, and the number of men of the same
fitness in the line of promotion who have had longer experience
in the company than himself. Some men may never be recom-
mended to any position.

A concern of the size and interests of the General Electric
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Company requires the services of men of such varied abilities
and attainments, that any man who has ability and is indus-
trious can feel assured of advancement.

The business of the company is growing at an unprecedented
rate and there is a corresponding demand for qualified men at
the present time.

All testing of every deseription is done in the testing depart-
ment. Every piece of apparatus sent out by the company is
tested and inspected electrically and mechanically to determine
if it meets the requirements of the customer, and, in case of a
specially built machine or new type, special tests are made with
a view to learning its qualities as fully as possible. The tests
having been performed, the observations are sent to the caleu-
lating room where results are worked up and reports made to
parties interested.

The calculating room is a section of the testing department.
The rest of the department is divided into eleven sections or’
tests according to the apparatus tested, as transformer, indue-
tion motor, railway motor, and other tests. Each section is in
charge of a head who is responsible for the work in his section.
There are also in each section several men of more or less expe-
rience who are recognized as testers.

When a machine is to be tested, one of the testers is put in
charge of the work by the head of the section and is held re-
sponsible for the test and the machine while under test. Other
men in the section, not so recognized, are assigned to assist the
tester; the least desirable work being given to the newest man,
the new man being given better work if he proves capable, as he
becomes more experienced and the men preceding him are trans-
ferred to other sections or promoted. '

After a man has been in one section twelve weeks, he may
make an application, approved by the head of his section, for a
transfer to another section, stating which section he wishes to go
into. If possible, he will then be transferred to the desired sec-
tion, or if circumstances will not permit that this be done at
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TESTING DEPARTMENT,

once, his application will be kept on file and the transfer ef-
fected as soon as an opportunity presents itself. It is not neces-
sary that a man should go into every section, as in some in-
stances the work in two different sections is carried on along
similar lines. A man is liable at anSr time to be transferred
from one section to another when, in the judgment of the head
of the testing department, the work demands it. The system of
transfer applies to the caleculating room as well as to the other
sections of the testing room.

A tester and his assistants, having been assigned to a ma-
chine, they are required to do all the wiring and connections nec-
essary for the performance of the test, see that the machine is in
proper condition for the test to be run, both mechanically and
electrically, run the test, making an inspection for any defects,
and hand in a record of all observations to the ealculating room.
All large apparatus is assembled, lined, belted, ete., by a gang
of mill-wrights employed for the purpose, but in the case of
some small machines, the testing men are required to do this
work.

The testing department runs day and night, about two-thirds
of the entire force working in the day time and one-third at
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night. In order that each man may do his share of night work,
every one who enters the department is expected to work at
night for about one-third of the time; that is, if he stays in the
department, for one year, he is required to work at night for
about four months of that time.

The testing department at night is in charge of a foreman
who is selected from the heads of seetions, who in turn are
chosen from the testers. A report of the progress, ability, ete.,
of each man in the testing department is made by the head of
that department from time to time.

The drafting room is what its name implies, and the drafts-
men are divided into sections according to the nature of the
work being done by them.

On entering the drafting room a man is assigned to work in a
section where his services are most needed. If he stays in the
drafting room for the prescribed six months only, it is quite
probable that he may remain in that section during the entire
time. There is no system of transfers here, as in the testing de-
partment, but T am informed by the engineer in charge that
transfers from one section to another will be effected whenever
circumstances warrant it. The hours in the drafting room are
from 8 a. m. to 5:30 p. m., with a recess from 12 m. to 1 p. m.
on all week days except Saturday, when the day closes at 12:30
p. m. Those in the testing department are from 7 a. m. (except
the caleulating room, where work begins at 8 a. m.) to 5:30
p. m., with a recess from 12 m. to 12:30 p. m. on all week days
except Saturday, when the day closes at 1 p. m. This applies to
day men. Those working at night report at 7 p. m. and leave at
7 a. m. and are required to work five nights per week, no work
being done on Saturday or Sunday night. All men are expected
to work overtime when necessary.

Men just graduated from technical schools, and with no prac-
tical experience on entering the drafting room, receive about $10
per week and are raised in salary according as they prove valu-
able. A man is paid twelve and a half cents per hour in the test-
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ing room at the start and is normally raised two and a half cents
per hour every six months. On taking charge of a section, a
man is given a substantial raise according to the importance of
the section and the responsibility assumed. Men working regu-
larly at night receive one and one-eighth hours’ pay for each
hour worked. Overtime in both testing department and draft-
ing room is paid for at the rate of one and one-quarter hours for
each hour worked, except on Sunday, when one hour counts as
one and one-half.

The salary received by a man on being promoted to a posittion
from the testing department or drafting room, as well as the
nature of the position, varies between such wide limits, and de-
pends so entirely on the individual, that it is impossible to give
any idea of what may be expected in this respect.

In conclusion I would say that probably no other concern in
the world manufactures from beginning to end such a wide
variety of electrical apparatus as does the General Electrio
Company, and consequently in the employ of no other company
can such a wide experience be obtained. I think a man who has
received a technical education and desires to advance himself
in the electrical engineering field, will make no mistake in enter-
ing the testing department or the drafting room of the General
Electric Company., He can then judge, and no one else can
judge so well as he, of his chances of advancement with the
company, and, if he is not satisfied with them, he can leave the
eompany, feeling that his time has not been wasted, for he has
gained an experience which must be obtained before he can hope
to be a successful engineer.

THE U. W. ENGINEER®’ CLUB.

The work of the Engineers’ Club has been very interesting
and instructive. Below is given a list of the programs since
November 22, 1901:

November 22:
Paper: “Siberian Expansion,” G. W. Garvens,
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Debate: “Resolved, that it would be more beneficial for an
engineering student to take two years’ practical work before en-
tering his college course.” -

Affirmative—S. J. Lisberger, H. B. Kirkland, B. F. Lyons.

Negative—F. C. Stieler, P. 8. Biegler, J. N. Cadby.

Paper: “Nickel Steel,” R. V. Holt. ‘

Paper: “Rapid Transit in New York,” W. E. Brown.
December 6:

Debate: “ls co-operation better than employment of labor
by ecapital.”

Affirmative—I. J. Geerhnvs E. A. Ekern, D. McArthur.

Negative—F. T Petura, C. S. Peters, B. F. Lyons.

Paper: “Battleships of Different Counties,” J. C. Potter.

Paper: “Telephone Exchanges,” L. H. Lathrop.

December 13:

At this meeting the following officers were elected for the sec-
ond club term:

President: F. C. Stieler.

Vice-president: J. G. Hammerschlag.

Secretary and Treasurer: W. E. Crandell.

Censor: W. L. Thorkelson.

Assistant Censor: S. J. Lisberger.

January 10:

At this meeting C. F. Graff presented a very interesting
paper on “The White Pass and Yukon Railroa 2 A short
business session followed, at which the following committees
were appointed :

Executive: J. G. Hammerschlag, F. W. Huels.

Program: A. J. Quigley, L. H. Lathrop, C. C. Douglass,

H. B. Kirkland, P. J. Kelly, S. J. L1sberger

January 17:
Musie: Quartette.
Debate: “Resolved, that the combination of great railroad
systems is detrimental to the best interests 'of the public.”
Affirmative: A. J. Quigley, S. W. Cheney, L. E. Rice.
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Negative: P. J. Kelly, V. McMullen,

Paper: “Smead System of Central Station Heating,” E. 8.
Burnett,

Current Events: H. H. Hunner.

Parliamentary Practice.

January 24:

Musie by club.

Review of Prof. B. V. Swenson’s Article in Cassier’s Maga-
zine on “The Manufacture of Incandescent Lamps,” F. W.
Huels.

Parliamentary Practice.

Discussion: The complete equipment, including power, of &
shops for the manufacture of gas engines, total cost, $12,000.

Current Events: E. A. Olin.

THE N. 0. WHITNEY ENGINEER’S ASSOCIATION.

The N. O. Whitney Engineer’s Association has increased its
membership up to the limit with all elasses now represented.
The papers, periodicals, reviews and debates are improving in
quality at each successive meeting. The best papers thus far
presented were by W. H. Hauser on Compound Locomotives,
by R. Owen on Automatic Telephone Systems, and one by D. J.
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Evans giving his personal experiences and observations upon
the battleship Oregon, when she was upon the rocks off the
coast of China. This latter paper deserves more than passing
notice. It was clearly and most interestingly presented, being
interspersed with numerous incidents of Amemcan pluck,
gkill and wit; all of which brought forth well deserved ap-
plause. Photographs of the damaged vessel as well as many
sketches_of the details of repairs left a permanent impression
upon the minds of the listeners. '

A very good talk by Prof. W. D. Taylor was highly appre-
ciated by all present. e emphazied these Words “Make good
use of your opportumtles” and “Become in earnest.” These
expressions were made after he had vividly compared the op-
portunities of technical training twenty years ago with those of
to-day.

The following officers were elected for the second term of the
gocietv:

President: E. A. Balsley, C. E., 702

Vice-president: A. F. Krippuer, E. E., ’04

Secretary and Treasurer: R. L. Hankinson, Sp., 05,

Censor: M. A. Whiting, E. E., 04

Music and parliamentary practice are about to become a
regular feature of the program. A committee to work jointly
with the two other engineering societies for mutual inferest
ought to aid much in the effectiveness of this class of college
work. -

The constitution will appear shortly with a fronticepiece of
the late Prof. Whitney.

NOTES.

On November 23d the annual course of lectures to the stud-
ents of the College of Engineering was opened with a lecture by
Mr. W. R. Warner, of the Warner and Swasey Company, of
Cleveland. The subject of his address was: “Some Observa-
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tions by a Mechanical Engineer.” In this Mr. Warner ecau-
tioned the college graduates and college students who enter the
engineering field about the wrong impressions which they are
apt to entertain as regards their worth to the engineering pro-
fession. Ile dwelt on the careers of some of our great modern
engineers, emphasizing those characteristics which made them
great engineers, and in conclusion spoke on the opportunities
and advantages of the engineering student of to-day.

The second lecture of this series was given by Prof. G. C.
Comstock, on January 10th. His subject was “Modern Study
of the Stars.” He gave an instructive and comprehensive talk,
treating the subject more from a historical and explanatory
standpoint, dwelling largely upon the problems which modern
astronomers have to solve and the methods employed in solving
them. The lecture was very interesting, and was illustrated by
lantern slides.

The remaining lectures of the series are as follows:

January 17th: Mr. H. T. J. Porter, of the Bethlehem Steel
Co., “Modern Forging.”

January 24th—Mr. R. W. Hunt, Chicago, “Sir Henry Bes-
gemer.”

February 14—Mr. A. J. Wurtz, Pittsburg, “The Develop-
ment of the Nernst Lamp.”

February 21st—Mr. Bertrand S. Somers, of the MecCor-
mick Harvester Co., Chicago.

March Tth—Prof. T. S. Adams, University of Wisconsin,
“Porto Rico.”

March 14th—Prof. J. C. Monaghan, University of Wis-
consin, “The Engineer in Empire Building.”

March 21st—Mr. Samual Insell, President Chicago Edison
Company.

April 4th—Prof. J. G. Mack, University of Wisconsin, “The
Engineer and Artisan of Antiquity.”

April 11th—Mr. Samuel Rodman, New York, “Burglar-
proof Safes and Manganese Steel.”
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April 18—Prof. P. 8. Reinsch, University of Wisconsin,
«Tndustrial Advance in Eastern Asia.”

April 25th—Mr. Magnus Swenson, ’80, of the Washburn-
Swenson Co., Chicago, “The Development of a Problem in In-
dustrial Engineering.”

The apparatus of all the engineering departments has been
largely increased during the past year. Old machinery and in-
struments have been repaired and. new ones purchased. The
civil engineering department has placed an order with a Berlin
firm for eleven surveying instruments, to cost in the aggregate
$1,700. Several new ammeters and voltmeters, a new watt-
moter and a 5 H. P. Gibbs electric motor have been added to the
olectrical engineering department. A number of special ma-
chines and instruments have been donated by different firms
to students for thesis work. Tn the shop there have been added
four new lathes, a planer, a twist drill grinder and a milling
machine. The laboratories are becoming very crowded, both
on aceount of the apparatus in them and on account of the num-
ber of students taking the work. This necessitates the division
of the class and interferes considerably with the semester’s work.
Other improvements and extensions are being contemplated
for the second semester.

TDean Johnson has received a copy of Vol. 8 of the “Engi-
neering Index,” published by the Engineering Magazine. The
work of indexing the engineering articles published in 250 differ-
ent engineering periodicals was commenced by Dean Johnson,
he being at that time professor of civil engineering at Wash-
ington University. The first two volumes were indexed by him,
but the exacting work and time required in their completion
caused him to give the work in charge of the Engineering Maga-
sine. Tn the last volume the fly leaf contains a half tone of
Dean Johnson, and they have referred to him as the founder of
the Engineering Index.

The first of the four socials to be given by the engineering
students during the year was held in the engineering building
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on December 9th. It was a decided success in every respect.
The building was crowded and everybody reported having a
splendid time. The first part of the evening was spent in inspect-
ing the building, etc., then came the program in the auditorium,
consisting of music and recitations, after which dancing was
indulged in until 11:30. The musical program consisted of a
solo or two and the singing of college songs. The words were
thrown upon a screen by means of a lantern, so that everyone
could become familiar with them. That everyone had an en-
joyable time was very evident from the increased attendance at
the second social, which took place on December 11. The pro-
gram of the evening was similar to that of the first. These
socials are becoming very popular and a larger attendance is
anticipated at the next one, which will occur shortly after the
opening of the second semester.

In the physics department several changes have been made.
A dark room for photometer work has just been completed, and
the small lecture room has been painted and thoroughly reno-
vated. This department now has a fine reading room of its own
just next to Prof. Snow’s office, in which all the standard jour-
nals and many of the engineering papers are kept on file. The
room is always open and affords an excellent opportunity for re-
search in the line of physics. There is now a separate shop
devoted entirely to the physics department, and fitted out with
the best of tools for both wood and iron work. Along the line of
apparatus, mention should be made of the large grating spectro-
scope. This has been set up in the laboratory back of the
lecture room, and occupies the whole room. Its base consists of
two I beams, 21 feet and 18 feet in length, set at right angles
to each other, upon three pins. A 21 foot focus is attained. A
Rowland concave 6 inch grating, the largest made, is used, with
14,400 lines per inch.

In the steam laboratory the following improvements and ad-
ditions have been made:

One 50 H. P. superheater, to be installed just outside the
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steam laboratory, next to the Nordburg compound engine, for
which this superheater is to furnish steam, superheated 200° F.
above the temperature of the saturated steam.

One, two stage air compressor, cylinders 12 and 18 inches in
diameter, with 12 inch stroke, with compound steam eylinders.

One 55 H. P. high speed engine.

The 5 ton refrigerator plant has been completely installed
and some improvements introduced.

The gasoline and gas engines have both been changed and
greatly improved.

Four new indicators and a large amount of smaller appar-
atus, both for steam and for coal and gas analysis.

The annual boiler house test was made by the senior electrical
engineers, on Saturday, January 11th, and the annual 24 hour
test of the Four Lakes Electric Light and Power Co. occurred
on Saturday the 24th. The latter test was made by the senior
mechanical and electric engineers. These tests take the place of
laboratory experiments and are intended to give the class an in-
sight into the practical methods of station testing.

Mr .C. M. Conradson, M. E., ’85, is at present the president
and general manager of the American Turret Lathe Manu-
facturing Co., at Warren, Pa. Their works are in the process
of erection and both the buildings themselves and their equip-
ment will be strietly 'up to date, and entirely complete in every
particular. The machines are to be driven by electric power;
and electric cranes will be used for the moving and handling of
materials, Several of the machines and appliances were de-
signed by Mr. Conradson himself.

PERSONALS.

Milan R. Bump, ’02, represented the local chapter of Tau
Beta Pi in the national convention which was held at Cleveland
on November 30th.

Mr. . P. Bpardman, C. E., ’94, has resigned his position
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as assistant engineer of the C. & A. Ry. and has accepted one
as assistant engineer of the B. & B. Department C., M. & St. P.
Ry. Co. _

Mr. H. J. Thorkelson, M. E., 98, is assistant superintendent
of the J. I. Case Plow Works at Racine, Wis.

Mr. W. A. Richards, M. E., ’99, has resigned his position as
instructor in the Machine and Forge shops of East Div. High
School, Milwaukee, and accepted an engineering position with
the Pressed Steel Car Co. of Alleghaney, Pa.

Mr. Emery II. Powell, M. E., ’91, is assistant professor of
mechanical drawing in the University of Kansas.

Mr. Henry Fox, M. E., 792, is the locating engineer in the
Indian Territory for the Chostaw, Oklahoma and Gulf Ry. Co.

Mr. Louis Barkhausen, 01, is superintendent of the branch
shop of the J. I. Case Plow Works at Lynn, Mass.

Prof. Taylor was called to Chicago during the holidays by
the C. & A. Ry. Co. in regard to some engineering problem.

Prof. Jackson and Prof. Swenson attended the convention of
the Northern Electrical Association, held at Milwaukee, Jan-
uary 15, 16 and 17.

Prof. Swenson is the proud possessor of a daughter, born De-
cember 11, 1901. The “Engineer” extends congratulations.

Mr. M. C. Olson, *99, has gone into the designing office of the
General Electric Co. His work is under Mr. Riest, and con-
sists in the designing of alternating current machinery. _

The engagement of Mr. Vietor Bergenthal, E. E., 97, and
Miss Alice B. Dacy, ’98, has been announced.

The Electriec World of July, ’01, contains a full deseription
of a patent on a “Two Party Line Ringing System,” gotten out
by two Wisconsin alumni, Mr. Osecar Leich, 98, and Mr. Max
Zabel, ’98. Their patent is quite an important one and is at-
tracting considerable attention.

Mr. M. R. Fowler, 01, has entered the engineering depart-
ment of the Western Electric Co. It is an important position,
and as a rule before getting into this department one must have
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had several years’ of experience. Obtaining the position which
Mr. Fowler has in such a short time after graduauon is a very
creditable showing indeed.

Mr. L. M. Hancock, ’88, is general superintendent of the
Bay County Power Co., with headquarters at San Jose, Cal.

Mr. W. A. Rogers, 88, is vice-president of the Bates and
Rogers Construction Co., 1203 Manhattan Building, Chicago.

Edward D. Swinborne, ’88, is chief electrician for the Whit-
man and Barnes Manufacturing Co., Chicago.

PUBLICATIONS REVIEWED.

Stanparp Stern Coxstruction.—A manual for Architects,
Engineers and- Contractors, by Jones and Laughlins,
Limited, Pittsburgh, Pa. Compiled by F. L. Garling-
house, C. E., Alexander Nurick, C. E. Price $1.00. '

This is a beautifully gotten up book, being in the form of a

hand-book. The price is merely nominal, but the book is meant
to serve the double purpose of a catalogue of Beams, Channels
md structural shapes as well as a hand-book containing “useful
.ables, formulas and other information.” Such tables as
weights of steel, areas and eireumferences of circles, logarithms
of numbers, lines, tangents and secants, squares, cubes, ete., are
compiled in best shape for ready reference. Although the book
is well worth the price asked, a liberal discount on this and the
following book received from the same company is given to
students,

Uservr InrormaTioN by Jones and Laughlins, Limited, Pitts-
burgh, Pa. Compiled by C. C. Briggs, M. E. Price 50
cents,

This book is designed for business men, mechanics and engi-
neers. Within its covers, which are only 1” apart and 81x2”
in size, is compiled and arranged an astonishing amount of in-
formation. That the book is useful and fills a want of cer-
tain people is shown by the fact that it is in its fourteenth edi-
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tion. A glance at the few lines taken from the index will show
the scope of the book and give an idea of what is contained on
its 500 pages.
Accidents: Rules in case of.
Acerage: Computation of.
Air,
Alloys.
Angles: Connection for beams.
Safe loads for.
To set out with chain.
Weights of.
Antidotes for Poison.
Areas and circumferences of circles.

Tur CoxstrucTion oF o Gasonine Motor VEurtcre, by
C. C. Bramwell. Published by Emil Grossman and Bros.,
New York.

This hook is intended to supply the want of a hand-book on
the gasoline motor. The material contained in the book was

> and

first presented as a series in the “Motor Vehicle Review,’
these articles are now put in book form by Mr. I&. W. Graff.

At this time, when horseless carriages are so common, this

work should find a considerable demand. The subject is well

treated and in such a manner that the ordinary person ought
have no difficulty in understanding the principles ete. which are
explained. To any desiring to gain a thorough understanding
of the horseless carriage this book is cheerfully recommended.

Nature's Migacres; Famrniar Tatxs ow Screver. Vol I11L
Electricity and Magnetism. By Elisha Gaay, LL. D.
Fords, Howard and Hulbert, Pub. (cloth 60 cents net).

In this volume the author begins at the beginning, and gives

a suceinet history of the science of these two interrelated forces.

Such a simple exposition of the phenomena of these forces is

given that the general reader may get a clear understanding of

the subject as far as it is known. Electrical currents, generators,
atmospherie conditions, measurements of electricity; the tele-
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graph, telephone, telautograph; submarine and wireless tele-
graphy; and a series of chapters on the use of the electric cur-
rent for manufacturing purposes, as at Niagara Falls, are
among the topies treated.

Calalogues:

We have received from the Allis Chalmers Co., through the
Fraser and Chalmers works of Chicago, Ill., a catalogue of
“Hoisting Engines and Appliances. Catalogue No. 2.”

Besides the complete catalogue along the line indicated the
book contains considerable information of value to those in-
terested in the work which the hoisting engine covers.

The Backus Water Motor Co. of Newark, N. J., 172 Penn-
sylvania avenue, have sent us their latest catalogue, “The
Backus Gas and Gasoline Engines.”

Those interested in power should know that the Backus eom-
pany make this statement: “The Backus Gas Engine is guar-
anteed to have fewer working parts and to be less complicated
than any engine built to-day.”

“Shafting” is the title of a catalogue sent us by the Jones and
Laughlins Limited of Pittsburgh, Pa. It is a price list of '
patent cold-rolled steel shafting, couplings, pulleys, hangers,
mule pulley stands, binder frames, guild pulleys, jib cranes,
ete. Besides the regular catalogue, considerable information is
furnished in the lines covered.

A FEW WORDS FROM THE BUSINESS MANAGER.

To our subscribers: Your attention is called to our new terms
of subseription given in the front of this issue. Those terms
will not hold strictly for this year, however, since through a mis-
take in printing, the terms failed to appear at all in our first
issue. Those who have not paid will please notice that for this
year only, the $1 rate is good up to March 1st. After that date
all unpaid subseriptions will be billed at $1.50.

1'o our alumni: Please note the above paragraph and do not
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render it necessary for us to bill your account at $1.50. We
wish also to call your attention to our ad. in this issue, calling
for certain numbers of the Engineer. We will be very glad to
hear from these numbers.

To our readers: Please note and heed the little note at the
bottom of each ad. page. A little care in regard to this will do
more than you think in helping us along.

To our Madison subscribers: Wherever possible we ask youn
to patronize those who show their good-will toward U. W. by
advertising with us. The town merchants have so many calls
made upon them for support along the line of advertising that
it becomes a serious problem to know where to stop. It is a
fact, however, that a publication of this kind would be impos-
sible without the income derived from ads. We ask you there-
fore to show your appreciation of the support thus accorded us,
by in turn giving your good-will to those whose names appear
on our ad. pages.

ALUMNI DIRECTORY.

The Alumni directory given below is as near perfect as we
can make it with the information at hand. A complete and
authentic directory is indispensible in a college like ours, and
to keep is correct, we need the support and encouragement
of both undergraduates and alumni. The names of alumni,
whose addresses we are not certain of, are indicated by aster-
isks (*). Anybody possessing information, as to any change
of address, or correction in the directory, will do the “Engi-
neer” a favor by imparting such information to our alumni

editor.

Abbott, Clarence, E., B. S. M. E,, ’01. Student of Civil Engr. U. W.

Adamson, Wm. H.,, B. S. C. K, ’86. 725 24th Ave., South Seattle,
‘Wash. -

*Ahara, Edwin H.,, B. 8. C. E,, ’92; M. E, *96. 2854 N. Lincoln St.,
Chicago, 111

Ahara, Geo. V., B. 8. M. E,, ’95. With Fairbanks, Morse & Co., Beloit,
Wis. £
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Ahara, Theo. H., B. 8. M. E., '00. With Fairbanks, Morse & Co., Be-
loit, Wis.

*Albers, John F., B. S. C E., '77; C. B, ’78. Druggist, Antigo, Wis.

Alexander, Walter B., B. S. M. E.,, '97. Prof. of Steam Engineering,
University of Missouri.

Allen, Andrews B., B. S. C. E, '91. Wisconsin Bridge Co., 1022 Mon-
adnock Bldg., Chicago, Il

Allen, John 8., B. 8. E. E., '97. Mg'r Beloit Electric Light Co., Beloit,
‘Wis. !

Alverson, Harry B., B. S. E. E, ’93. Cataract Power & Conduit Co,,
40 Court St., Buffalo, N. Y.

Arms, Richard M., B. S. E. E., ’94. Seattle, Wash.

Aston, Jas. B.,, B. S. E. &, '98. Care of Thomas Aston & Son, Mil-
waukee, Wis.

Atkins, Hubbard C., B. S. M. E, '01. Allis-Chalmers Co., Milwaukee,

Wis.
*Austin, W. A, B. 8. M. E,, ’99. 218 La.’ Salle St., Chicago, T1L
Baehr, Wm. A,, B. S. B. E,, ’94 Mgr. Denver Gas Works, Denver, Colo.
*Baldwin, Geo. W,, B. S. C. E,, ’85. Lumber Dealer, Crete, Neb.
Bamford, F. E.,, B. 8. M. E,, '87. Lieut. U. 8. A., Atlanta, Ga.
Barnes, Chas, B, B. 8. M. E, '00. C. M. & St. P. Ry. Shops, Mil-

waukee, Wis,
Barr, J. M., B. 8. M. E,, "99. Westinghouse Elec. & Mfg. Co., Pitts-
burg, Pa. i
Bausg, Richard E.,, B. S. M. E, ’00. Western Elec. Co., Chicago, Ill.
Bachelder, Clare H., B. 8. M. E, ’01l. Chicago Telephone Co., Chi-

cago, Il ,

Barkhausen, Louis H., B. 8. M. E, '01. Supt. J. I. Case Branch Shop,
Lynn, Mass. ;

Bebb, Edward C., B. 8. C. E,, "96. U. S. Geol. Survey, Washington,
D. C.

Beebe, Murray C., B. S. E. E,, ’97. Care of Amber Club, Pittsburg, Pa.

Bennett, Chas. W.,, B. S. M. E,, '92. American Tin Plate Co., Elwood,
Ind.

*Benson, F. H,, B. S. C. E, ’91. 591 Jefferson St., Milwaukee, Wis.

*Bentley, F. W., B. 8. M. E,, 98, 411 6th St, Racine, Wis.

Bergenthal, V. W,, B. 8. E. E, 97, Stanley Elec, Mfg. Co., Mon-

adnock Bldg., Chicago, Ill.

Bertrand, Phil. A., B. S. E. E,, '95. People’s Gas & Elec. Co., Peoria,
111,

Berry, Claude, B. S. C. E, '01. Great Northern Ry., St. Paul.

Biefeld, Paul A., B. S. E. E, '94. Prof. of Elec. Eng., School of Heil-

[ perghausen, Ger.

Bird, Henry, B. 8, C. E, ’94. Died Deec. 22, ’91. Citronelle, Ala.

*Bird, Hobart 8., B. 8. C. E,, '94; LIL. B., ’96. San Juan, Porto Rico.

*Bliss, Wm. S., B. S. M. E, ’80. J. M. Dennis Lumber Co., Williams,
Arizona.

Boardman, Harry B., B. S. E. E,, ’93. Westinghouse, Church, Kerr &
Co., New York City,
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+Boardman, Horace P., B. S. C. E., ’94. Ass't Eng'r, B. & B. Dep't,
C., M. & St. P. Ry., 1100 Old Colony Bldg., Chicago, IIL

Bohan, Wm. J., B. 8. E. E,, '95. C., M. & St. P. Ry. Shops, Milwaukee,
Wis.

#Boley, C. U, B. 8. C. E, '83; C. E,, ’99. City Engineer, Sheboygan,
Wis. '

Boorse, Jesse M., B. S. E. E., ’95. Monroe Division of Chicago Tele-
phone Co., Chicago, Il

Bossert, Chas. P, B. 8. M. E,, '88. Pfister & Vogel Leather Co., 555
9th St., Milwaukee, Wis.

Boynton, C. W., B. 8. M. E, '98. Ledro-Wolley, Wash.

Brace, Jas. H., B. 8. C. E,, "92. Albany, N. Y.

Bradish, Geo. B, B. 8. C. E,, *76; C. B, '78. Civil Engineer, La Crosse,
‘Wis. 2

#*Bradley, Wm. H., B. 8. C. E,, '78. Junction Iron & Steel Co., Mingo
Junction, Ohio.

*Brennan, Wm. M., B. S. C. E, ’94. Wisconsin Central Ry., Manito-
woe, Wis.

Broenniman, Arnold E., B. 8. C. E, '97. 443 Finance Exchange, New
York City.

Brown, Geo. W., B. 8. C. B, ’86; C. B, '90. Gov. Works, Dry Tortugas,
Fla. Via Key West. :

#*Brown, Perry F., B. 8. C. B, '97. Kurtz & Brown, Mills Bldg., San
Francisco, Cal.

Brown, Samuel L., B. 8. M. E,, ’89. Smelting & Refining Co., Station 8.,
Chicago, Il

*Brown, Thane R., B. 8. C. E,, '95. Wis. Bridge & Iron Co., Milwau-
kee, Wis.

Burdick, Wm. C., B. 8. C. B, '01. St. Paul Depot, Milwaukee, 1015
Sycamore St.

Buerstatte, F. W., B. 8. M. E,, 01. Mech. Dep’t, C.,, M. & St. P. Ry.,
Chicago, Il

Bucey, John H., B. 8. C. E, ’95. Died Dec. 4, 1896,

Buckley, W. J., B. 8. E. E,, '99. United Gas & Elec. Co., Long Branch,
N, J. : )

Burgess, Chas. H.,, B. S. E. B, ’95. Ass't Prof. of Elec. Eng, Univer-
sity of Wisconsin.

Burgess, Geo. H., B. S. C. E,, "95. " Penn. Lines Chief Engineer’s Office,
Pittsburg, Pa. )

Burkholder, Chas. I, B. 8. E. E, '96. General Elec. Co., Schenectady,
N. Y.

Burton, Wm. C., B. 8. E. B, ’93. J. 8. White & Co., Limited, 22 A. Col-
lege Hill, London, Eng.

Buttles, Ben. E., B. 8. E. E, ’'00. 503 W. Adams St., Chicago, T11.

#Campbell, Bert, B. 8. C. E., 98, Chicago, IlL

Carey, Jas. L., B. 8. M. E, ’88. 306 Baird Ave., Austin Station, Chi-
cago, Il

Carlson, Chas. J., B. S. M. E, '96. Chicago Telephone Co., Chicago, T11.

Carpenter, Chas. G., B. S. C. E,, ’82. 123 N. 40th St,, Omaha, Neb.
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Carter, B. B, B. 8. M. E,, '88. 1644 Monadnock Bldg., Chicago, Ill.

Caverno, Xenophon, B. 8. M. E,, 90. Kewaunee Gas Light & Coke Co.,
Kewaunee, Wis.

Clausen, Leon R., B. 8. E. E.,, '97. 422 W. Jackson Bldg., Chicago, Il

Cochran, Robt. B.,, B. 8. M. E, ’97, Teacher at Springfield Inst.,
Springfield, Mass.

*Comstock, Nathan, B. 8. M. E., ’97. Attorney, Seattle, Wash.

Conlee, Fred M., Northern Elec. Co., Madison, Wis. -

#*Connolly, Pat, H., B. 8. C. E., '85. Riverside, Ill.

Conover, Allen D., Ph. B. C. E, *75. 151 W. Gilman St., Madison, Wis.

Conradson, C. M, B. 8. M. E,, ’'83; M. E., '85. N. Y. Ship Building Co.,
Phladelphia, Pa.

*Cook, Thomas R., B. S. M. E,, '00. 105 Barr St., Fort yVa.yne, Ind.

*Coombs, Hd. C, B. 8. C. E,, '97. C., M. & St. P. Ry., Chicago, Ill.

Cooper, A. 8, B. 8. C. E, ’81; C. E, ’83. U. 8. Ass’t Eng. Savan-
nah, Ga.

Cosgrove, J. F., E. E,, 96. Scranton Correspondence School, 919 Pine
St., Scranton, Pa. -

*Cornish, Ross C., B. 8. C. E, '97. Milwaukee Gas Light Co., Mil-
wankee, Wis.

*Crandall, H,, B. S. M. E,, ’98. 23d St., between Grand Ave. and Wells
St., Milwaukee, Wis.

Crane, Edgar W., B. S. E. E,, ’95. San Gabriel Elec. Co., Azusa, Cal

Crenshaw, Thos. P., B. 8. E. E,, '95. Died. .

Crowell, Robinson, E. E.,, ’96. Mount Low Ry., Los Angeles, Cal.

Curtis, Norman P., B. 8. C. E,, '01. Madison, Ws.

Dean, Chas. L., B. 8. M. E, '01. Seymour, Wis.

*Dixon, Fred B., B. 8. C. E,, ’97. New London, Wis. '

Dixon, John E., B. 8. M. E,, '00. Brooks Locomotive Works, Dunkirk,
N. Y. !

Dodge, Jos, B. S. M. E,, ’84, Allie-Chalmers Co., Milwaukee, Wié.

*Dodge, McClellan, B. 8. C. E,, "84, L. J. Pickarts & Co., Madison,
‘Wis. {

Dousman, Jas. H., B. 8. C. E, '84, Milwaukee Automobile Co., 73 31st

i St.,, Milwaukee, Wis.

*Duffy, Wm. F., B. 8. C. E,, '84. Cannot be located.

*Durand, Samuel B., B. 8. C. E,, '91; C. E, Stanford, '94. Sec. Unity
Mfg. Co., Milwaukee, Wis.

Dutcher, John E., B. 8. E. E,, '97. Swift & Co., Kansas City, Mo.

Earll, C. I, B. 8. M, E, '8. 76 Williamg St., New York City.

*Egan, R. A, B. 8. C. E,, ’99. Brooklyn, N. Y.

*Ela, Edwin 8, B. 8. C. E,, *96. Recorder Gov. Survey, Rochester, Wis.

Ellis, John F., B. 8. C. E,, '87. Died Evansville, Wis., Dec. 9, ’90.

Elser, R. C, B. 8. C. E, '98. Died May 17, 1900.

Emerson, Fred M., B. 8. C. E,, '00. Milwaukee Bridge Co., Milwaukee,
Wis. .

*Erbach, Wm. Z, B. 8. M. E, '93. Lumber Business, Athens, Wis.

*Eriksen, Erik T., B. 8. C. E,, '98; C. E, ’90. 2991 N. Winchester Ave.,
Chicago, IIl !
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*HEvans, Ed. M., B. 8. C. E,, ’94. Racine, Wis.

Evans, Geo. B, B. 8. C. E,, "94 348 Atlantic Ave, Pittsburg, Pa.

Fairchild, David L., B. 8. C. E, ’90. 17 Columbia Block, Duluth,
Minn, ‘

*Falconer, Robt. C.,, B. 8. C. E,, '95. Purdy & Henderson, 1402 Have-

~ meyer Bldg.,, New York City.

Farris, Jas. A, B. 8. M. &2, °00. Cutler Hammer Mfg. Co., Milwaukee,
Wis.

*Fehr, H, B. 8. M. E,, '84; LL. B, ’86. 301 9th St., Milwaukee, lWis.

*Fisher, John J., B, 8. C. K., '76. U. 8. Dep’t, Mineral Survey, Pres-
cott, Ariz,

*Fis:her, John R.,, B. 8. C. E,, ’74; C. E, ’80. Lumber Dealer, Beaver
Dam, Wis. J

Ford, Arthur H,, B. 8. E. E,, *95. Prof. Elec. Eng., Georgia School of
Tech., Atlanta, Ga.

Ford, Fred H., B. 8. E. E,, '93. Northern Electric Co., Milwaukee, Wis.

Fowle, Fred F. B. 8. C. E, ’93. Milwaukee Bridge & Iron Works,
120 7th St, Milwaukee, Wis.

Fowle, Harry H., B. 8. E. E, 95, Electrician (Fowle & Fowle), Mil-
waukee, Wis,

Fowler, Myron M., B. S. E. E,, '01. Western Elec. Co., Chicago, Engr.
Dep’t. )

Fox, Henry, B. S. M. E, '92. Box 311, Hartshorn, Indian Territory.

Frankenfield, Budd D., B. S. E. E,, '95; E. E., '96. Inst. in Elec. Eng.,
University of Wisconsin.

*Fratt, Fred W., B. 8. C. E,, '82. Texas Midland Ry., Terrell, Texas.

Freschl, B, B. 8. M. E, ’99. 3405 Wells St.,, Milwaukee, Wis. ;

Fricke, August C., B. 8. M. E,, '01. Milwaukee, Wis.

*Fugina, A. R. B.: 8. C. B, '98. TU. 8. Geol. Survey, Cincinnati, Ohio.

*Fuldur, Henry C., B. 8. C. E,, ’97. 366 Greenbush St., Milwaukee,
‘Wis, \

Funk, Wm. F,, B. S. M. E,, '91. M. Funk Boiler ‘Works, 1407 Main St.
La Crosse, Wis.

Gerdtzen, G. A, B. 8. M. E,, '93. Ass't Prof. of Machine Design, Uni-
versity of Illinois.

Gerlach, P. A., B. 8. C. E, '98. 15124 Turlington Ave., Harvey, Il

Goddard, A. L., B. 8. M. E,, '96, Hadden Heights, N. J.

Golder, Lloyd W., B. 8. M. E,, '95; B. S. B. E,, ’96. Sullivan Machine
Co., Chicago, Ill.

*Gooding, Wm, H.,, B. 8. C. E, ’73. Independence, Iowa.

Granke, Leo E.,, B. S. C. E,, ’00. Slater, Mo.

*Gregerson, Louis T., B. 8. C. E,, ’95. Cannot be located.

*Gregg, H. B, B. S. M. E,, 92, Eng'r of Tests, Santa Fe Ry., San Ber-
nardino, Cal.

*Q@riffith, John H,, B. 8. C. E,, ’93. 31 Chestnut St., Potsdam, N. Y.

*Grover, A. J., B. 8. C. E,, ’81; C. E,, '83. 1137 Park Ave., Omaha, Neb.

Grover, Allison 8., B. 8. M. E, '95. Draughtsman, Allis-Chalmers Co.,
Milwaukee, Wis.

Hackney, Robert H., B. 8, M. E, 93, Fox Pressed Steel Co., Joliet, IIl

i3
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Hain, Jas. C,, B. S. C. E,, ’93. 1100 0Old Colony Bldg., Chicago, Ill.

Hanbuechen, C., B. S. E. E., ’99; E. E. '00. Instr, Electro Chemistry,
University of Wisconsin,

Hamilton, Harvey F., B. 8. C. E, '92, G. N. R. R,, Great Northern
Bldg., St. Paul, Minn.

Hancock, L. M., B. 8. M. K., '88. Gen. Supt. of Bay Counties Power
Co., Coe Ave and Broadway, San Jose, Cal.

Hansen, Oscar, B. S, E. E, 94, Western Electric Co., Chicago, Ill.

Hanson, A., B. 8. C. E,, ’99. Gov. Bureau of Printing & Engraving,
‘Washington, D. C.

#*Hanson, Walter S., B. 8. M, E., 95. Walburn-Swenson Co., Shawnee,
Okla.

Hanson, H. 0., 222 Hobort St., Eau Claire, Wis.

Hargrave, R. W,, B. 8. M. E, ’98. Zion City Headquarters, Chicago,
111

*Harrison, C. N., B. 8. C. E., ‘82, Baltimore, Md.

*Harriman, F. J.,, B. 8. C. B, '89. Appleton, Wis.

Hartman, Rudolph, B. S. C. E,, '01. Instr. in Engineering, University
of Wisconsin.

Hart, Chas. W,, B. S. M. E,, '96. Hart, Parr & Co., Charles City, Ia.

Hartwell, Frank 1, B. S. M. E,, *95. Died 1897.

*Harvey, John L., B. 8. M. E., ’00. Mondovi, Wis.

Haskin, Edwin E,, B. S. M. E,, ’01. Nordberg Engine Co., 3125 Wells
St., Milwaukee, Wis.

Hawn, Russell J, B. 8. C. E, '01. Portland Cement Works, Craigs-
ville, Va.

Hayden, Chas. B, B. S, E. E, ’96. Sun Prairie, Wis.

*Heald, Eugene H., B. 8. C. E,, '00. Oak Park, IllL

*Hegg, John R., B. S. C. E, '00, C., M. & St. P. Ry., Marion, Ia.

Hedke, Chas. R., B. 8. C. E, '00. Holland Beet Sugar Mfg. Co., Love-
land, Cal.

Heine, R. E., B. 8. E. E,, '98. Ass't Prof. of Elec. Eng. University of
‘Washington.

Hile, Chas. H., M. E., ’'94. Boston Elevated Ry., 552 Harrison Ave.,
Boston, Mass. .

Hinrichs, Christian, B. S. M. E, ’90. Cramp & Son’s Ship Yards, 3254
Park Ave., Philadelphia, Pa.

Hirshheimer, H. J.,, B. S. M. E,, ’91. La Crosse Plow Works, 218 N.

| 8th St., La Crosse, Wis.

Hobart, F. G., B. 8. M. E, ’86; M. E,, '90. 724 Prairie Ave. Beloit Wis.

Hogan, J. J, B. 8. E. E,, '99 Western Electric Co., Chicago, Ill.

*Hoplt, F. W., B. S. C. E,, M. L., ’88; LL. B. '89. TU. S. Patent Office,
Washington, D. C.

Hoskins, L. M., B. 8., ’83; M. S., ’85; C. E., '87. Prof. of Mechanics,

i Stanford University, Cal.

*Hoyt, Warren A., B. 8. C. E.,, ’00. Altoona, Pa.

Humphrey, C. W.,, B. S. E. E,, '00. Madison Gas & Elec. Co., Madison,
Wis. ]

*Hunner, Earl E.,, B. 8. C. E, '00. U. S. Geol. Survey, Washington,
D. C.

4
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Hurd, John T, B. 8. C. E, '0l. Provincial Supervisor at Iligan,
. Isabella Prov., Philippine Is.

Hurd, Nathanial L., B. 8. M. E., '0l. Amer. McKenna Process Co.,
Tremley Pt., New Jersey. ’

*Icke, John F., B. S. C. E., '00. Asst. City Engineer, Madison, Wis.

*James, Ben W., B. S. M. B, ’97. Illinois Steel Co., 1109 Cass St.,
Joliet, IlL

*James, Oscar B, B. S. M. E,, '91. Richland Center, Wis.

Jenne, R. L., B. S. E. E,, *98. Dead.

Jones, Geo. H.,, B. S. H. E. '97. Chicago Edison Co. Chicago, I11.!

Johnson, Carl A., B. 8. M. E., 91. Gisholt Machine Co., Madison,
Wis.

*Joyce, Pat. F., B. 8. C. E,, ’93. De Pere, Wig.

Keller, C. A., B S. E. B, '99. J. G. White & Co., Monroe, Mich.

Kiehl, Wallace P., B 8. E. E, ’97. Engr. on Wall St,, New York City.

King, Arthur C., B. 8. M. E, '01. Northern Electric Co., Madison, Wis.

Kirchoffer, Wm. G B.*8. C. E,, ’97. City Engineer, Barahoo, Wis,

*Klug, L. J,, B. 8. C. E.,, "98. American Bridge Works, Chicago, Il

Knowles, J. H.,, B. 8. C. H., ’99. Oregon Short Line Ry., Salt Lake
City, Utah.

Kremers, John G., B. S, E. E, "98. 554 4th St., Milwaukee, Wis.

Kratsch, Wm. H,, B. 8. M. E,, *97. Geo. Cha.lloners Sons Co., Oshkosgh,
Wis.

Kurtz, Chas. M., B. 8. C. E., '97. Santa Fe Depot, Stockton, Cal.

*Kurtz, Ed. B., B S. M. E., ’94. Laclede Power Co., St. Louis, Mo.

Lademan, Otto T., B. 8. E. E,, '97. St. Louis Elec. Construction. Co.,
St. Louis, Mo.

Lacey ,Frank H., B. 8. E. E,, ’01. Student Mass, Inst. Tech.

Landgraf, F. K., B. 8. M. E., '98. 1505 Newberg St.,, Marinette, Wis.

Lapham, Chas., B. 8. C. E., '81 ; C.E, ’81. 3118 Mt. Vernon Ave., Mil-
waukee, Wis.

Lardner, Henry A., B. S. I. E, '93; H. B, ’95. N. J. White & Co., 29
Broadway, New York City. ‘

Lawton, BE. W., B. 8. M. E.,, '89. De Pere, Wis.

Legg, Ernest F., B. 8. K. E, 01. General Electric Co., Schenectady,
N. Y.

Leich, Oscar M., B. S, E. E,, *98. 78 5th Ave., Chicago, I1I.

Lemon, Luther E. B. 8. E. E, ’96. Vindex Elec Co., 158 Iowa Ave,,
Aurora, TII.

Leuth, Emil S., B. 8. M. H,, '97. Deering Harvester Co., Chicago, Il

Leuth, P. '\, B. S. M. E., "98. Fairbanks, Morse & Co, Beloit, Wis.

*Lindem, Olaf J., B. 8. C. K., ’00. N. P. Ry., St. Paul, Minn.

Lindeman, A, B. S: M. E,, ’85 M. E, '87. J. P. Lindeman & Son, Mﬂ-
waukee, Wis,

*Lippert, A. B, B. S. C. E,, '99, Milwaukee Harvester Co., Milwaukee,
Wis.

*Lloyd, Conrad C., B. S. C. E., '96 C., M. & St. P, Ry., 860 Cass St.,
Milwaukee, Wis.

Logemann, R. T, B, 8. C. E., ’99. Monadnock Bldg., Chica.go 111,
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MacGregor, W. F.,, B. S. M. E, 97 J. L. Case Mifg. Co., Racine, Wis.

Maldauer, Arthur, B. S. C. E, '96. Gilbert & Hortzog, Minneapolis,
Minn.

Malec, Anton, B. S. M. E, '98. Madison, Wis.

Maurer, Ed. R, B. S. C. E, '90. Prof. of Mechanics, University of
Wisconsin.

*Mayer, August, B. S. C. E, ’83. Shreveport, La.

Marvin, Arba B, B. S. E. E, ’00. Graduate Student University of
‘Wisconsin.

Magon, C. T., B. 8. M. E,, ’99. Illinois Steel Co., 1109 Cags St., Joliet,
11L

MeArthur, A. R., B. S. M. E, ’00. American Tin Plate Co., Elwood,
Ind.

*McCulloch, A, L., B. 8. C. E, ’95. Northern Electric Co., Madison,
Wis.

sMcDonald, Clinton, B. S. C. B, "97. C. & N. W. R. R., Evansville, Wis.

*McKim, Jas. A, B. 8. C. E, 91 Haugh-Noelke Iron Works, Indian-
apolis, Ind.

Mead, Geo. A., B. S. E. H, '95. Ohio Brass Works, Mansfield, Ohio.

*Mead, O. A, B. 8. C. E, '92. R. McMillan & Co., Appleton, Wis.

*Melville, Jas., B. 8. C. E,, ’75; C E,, '78. Sun Prairie, Wis.

*Merriam, H. N, B. S. C. E, '98. Canadian Pacific Ry., Brooklyn,
N. Y.

Merrick, B. G, B. 8. E. E., '00. Stanley Elec. Mfg. Co., Pittsfleld,
Mass.

Meyers, Alvin V., B, 8. E. E, "01. Telluride Power Co., Provo, Utah.

*Myer, Ed. W., B. 8. M, E, '95. Nordburg Mfg. Co., Milwaukee, Wis.

Minch, H. J., B. 8. M. E, '92. 222 W. Gorham St., Madison, Wis.

Mineh, Oscar J., B. 8. M. E, ’'93. Paolj, Wis.

Minch, Walter B., B. 8. M. E,, '00. Western Elec. Co., Chicago, IlL

#*Monahan, J. J., B. 8. C. E., '95. Filer & Stowell Co., Milwaukee, Wis.

Moore, Lewis E., B. S. M. E. '00. American Tin Plate Co., Elwood, Ind.

Morrow, Homer, B. S. M. E, '01. Nordberg Engine Co., Milwaukes,
Wis.

*Morrow, Frank E., B. S. C. E, '92. 216-220 Locust St., Evansville, Wis.

Mors, Geo. C., B. 8. M. E, ’92. American Tin Plate Co., Elwood, Ind.

Munger, Ed. T., B. S. M. E,, '92. Havana Telephone Co., Havana, IlL

*Munroe, Wm., Ph. B., C. E.,, 73. Box 230 Great Falls Montana.

Murphy, M. N., B. 8. E. E, ’01. Geo. A. Fuller Co., New York.

Nes, T. G., B. 8. E. E,, '99. Chicago Telephone Co., Chicago, Il

*Nelson, C. L., B. 8. C. E,, ’00. Racine, Wis.

*Nelson, F. W., B. 8. M. E,, "97. Ishpeming, Mich.

‘Nethercut, E. S., B. 8. C. E,, $89. Paige Iron Works, Chicago, Iil.

Newman, Fred. J., B. 8. E. E, '98. Westinghouse Elec. & Mig. Co., Pitts-
burg, Pa.

Nicholaus, A. A, B. 8. E. E, ’01. Gen. Elec. Co, Schenectady, N. Y.

Nommensen, R. A, B. 8. C. E, ’99. C., M. & St. P. Ry., Room 7, Union
Depot, Milwaukee, Wis.

Ochsner, R. J., B. 8. B E, ’94. Brown Hoisting & Conveying Co.,
Cleveland, Ohio.
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*QOlder, Clifford, B. S. C. B, ’00. Penn. Ry., Pittsburg, Pa.

Olgon, L. W,, B. 8. E. E,, ’99. Green Bay, Wis.

Olson, M. C,, B. S. E. E ’99 General Elec. Co., Schenectady, N. Y,

*0O'Neill, Wm. R., B. 8. , '87. Pacific Vinegar Co., Portland, Ore.

*Ostenfeldt, C. L., B. S. C E. '85. 1117 Schiller Bldg., Chicago, Ill.

‘Owens, L., B. 8. B. E, '97. People’s Gas & Elec. Co., Peoria, Ill.

*Paine, Jas. P., B. 8. C. E,, '77. 223 Pleasant St., Milwaukee, Wis.

Palmer, A, H., B. 8. BE. E ’96. Dead.

Palmer, R. B, B. 8. E. E,, ’01. 22A. College Hill Cannon St., Lon-

don, Eng. Care J. G. Wh1te Co., Limited.

Parman, A. L., B. 8. C. E,, ’85; C. B, ’89. Died Oct. 3, 1899 at Spokane
Wash.

*Parmley, W. C,, B. S. Met. E., '87; M. 8., ’93. 19 Burt St., Cleveland,
Ohio.

*Parsons, W. J,, B. 8. C. E, '00. Ceherzer Bridge Co., Chicago, Ill.

*Pennock, Wm. H., B. 8. M. E, ’83. 606 N. Y. Life Bldg., Omaha, Neb.

Perkins, J. H,, B. 8. E. E., '96. Youngstown Elec. Co., 670 Bryson St.,

) Youngstown, Ohio.

Phillips, J., B. 8. C. E,, ’87. Died 1893.

*Phillips, N. F.,, B. 8. C: B, "77. Monitor Mfg. Co 423 'W. 26th St,
Minneapolis, Minn,

Plumb, H. T.,, B. 8. BE. E, '0l. Asst. Prof, Mathematics & Physics,
Pratt Inst., Brooklyn N. Y.
*Pope, Geo. W., B 8. C. E, '98. Wisconsin Bridge Co., N. Milwaukee,
Wis. .
*Potter, Wm. @., B. 8. C. E., '90; C. E., '94. Alvord & Shields, 127
Hartford Bldg., Chicago, Il :

*Powell, A, O, B. 8. C. E, ’80; C. E, '90. Army Bldg., St. Paul,
Minn.

*Powell, E. H, B. S. M. E, '91. Jobbins & Van Ruymbeke, 448 Garfleld
Ave,, Aurora, IIl

Powrie, Wm. R., B. 8. M. E., '96. Powrie & Sons, Waukesha, Wis.

Prael, Fred W., B. 8. M. H,, '91. Pacific Sheet Metal Works, Astoria,
Ore. 3

Purdy, C. T, B. 8. C. E,, '85; C. E., ’86. Geo. A. Fuller Co., 137 Broad-
way, New York.

*Quirk Jos., B. 8. C. B, '73. Jos. Quirk Milling Co., Waterville, Minn.

Radke, Albert A., B. S. E. E, '00. Inst. Agricultural College, Kings-
ton, R. I.

*Ramien,. C H., B. 8. M. E,, ’96. Filer & Stowell Co., 560 4th St., Mil-
wankee Wis.

*Ransom, Geo. B, B. 8. C. E, 91, U. S. Ship “Boston,” Yokohama,

(]

Japan.
Reedal, P. E,, B. 8. E. E.,, '96. Christensen Eng. Co., Milwaukee, Wis.
Reilly, H. W, B. 8. E. E '97. J. G. White & Co, Monroe, Mich.
Rendtorff, E. J,, B. S. B. E,, '95, Northwestern University, Evanston,
I11. .
Reynolds, W. E, B. 8. , '99. Chicago Telephone Co., Chicago, Ill.
Rhine, Chas. A, B. S. , '00. 7156 Clybourn St., Milwaukee, Wis.
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Richards, J. F., B. S. C. E,, "98. Totenvillg, 8. I, N. Y.
Richards, W. A., B. S. M. E, '99, Instr. Bast Side High School, Mil-
waukee, Wis.
Richards, W. J., B. S. E. E,, '93. Christensen Eng, Co., Milwaukee,
Wis. :
Richter, A. W., B. 8. M. E,, '89; M. E,, '91. Asst. Prof. in Engineerin
University of Wisconsin.
Robinson, Geo. P., B. 8. E. E.,, '96. Wis. Telephone Co., Milwaukee,
Wis.
Rogers, Walter A, B. 8. C. E,, ’88. C,, M. & St. P. Ry., 1203, Manhat-
tan Bldg., Chicago, Ill.
Rollmann, A. C., B. 8. E. B, '01. Zion City Mech. and Elec. Engr.
Dept., 1201 Mich. Ave.
Rosenstengel, R., B. 8. C. E., '94. Christensen Eng. Co., Milwaukee,
Wis.
#*Rosenstengel, Wm. R., B. 8. M. E, ’87. 442 Northampton St., Buf-
falo, N..Y.
Ross, H. H.,, B. 8. E. E, ’96. 34 Congress St., Detroit, Mich.
Rowell, L. D.,, B. 8. E. E,, ’01. Scholar, U. W.
Ruka, Fred W. B. S. E. E,, '96. Boscobel, Wis.
Rumsey, S. S, B. 8. C. B, ’97. Allis-Chalmers Co., Milwaukee, Wis.
Salsich, Le Roy, B. S. C. E., "01. Rockefeller Branch, U. 8. Steel Cor-
poration, Duluth, Minn.
#Sanborn, J. N, B. 8. M. E,, ’81; C. E,, '84. B. & N. M. R. R,, Brainard,
Minn. . '
Sanborn, Roy A., B. 8. E. E, ’01. Weston Bros. Consulting & Con-
tracting Engineers, Chicago, Ill.
Sands, E. B, B. 8. C. E, ’00. Inst. in Engineering, University of Wis-
consin.
Sawyer, A. R., E. K., ’96. Prof. of Elec. Eng., Kentucky State Col-
lege, Lexington, Ky. '
#*Ychafer, Otto, B. 8. C. E,, '98. Construction Dept., C., M. & st. P. Ry,
in Towa.
Scheiber, A. V., B. 8. E. E, ’99. Chicago Telephone Co., Chicago, 111,
Schildauer, Edw., B. 8. E. B, ’97. Chicago Edison Co, Chicago, Ill
Schmidt, €. J, B. 8. B. E, 97. T, M, E, R. & L. Co., Milwaukee,
Wis. )
#Qchmidt, F, B, B. 8. C. E, 00. American Bridge Co., New York
City. : ’
Sehroeder, F. A, B. 8. E. B, ’99. Johnstown, Pa.
Schuchardt, R. F., B. 8. E. E, *97. Chicago Edison Co., Chicago, Ill.
*Qchulz, A. G, B. 8. C. E,, '75. Porterville, Cal
Schuster, J. W., B. S. E. E, ’99. Inst. Elec. Eng., University of Wis-
consin.
Schumann, Theo., B. 8. B. B, ’95. Died March 26, 1896.
Schneider, H. C., B. S. M. E, ’98. Baker Windmill Co., Evansville,
Wis. '
) Scott, H. H., B. 8. . B, ’96. Lincoln Elec. Light Co., Lincoln, Neb.
Seaman, Harold, B. S. E. E,, '00. BElec. Storage Battery Co., 101 Wood-
ward Axlre., Detroit, Mich.

)
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Severson, Harry, B. S. C. E, "01. Barber & Coleman, Rockford, Ill.

Seymour, M. E, B. S. E. B, '98. General Elec. Co., New York City.

Sheldon, 8. A, B. 8. B. E., ’94. Wagner Elec Mfg. Co., St. Louis, Mo.

*Shelton, A. W., B. 8. C. E.,, ’83; LL. B, ’85. Rhinelander, Wis.

*Short, F. J.,, B. 8. M. E,, *97. Fairbanks, Morse & Co., Beloit, Wis,

*Short, Jas. M., B. S. C. E., ’89. Haught-Noelke Iron Works, Indian-
apolis, Ind, .

Silber, Fred. D., B. 8. &, E., '94. Lawyer, Atwood Bldg, Chicago, IIl.

Smith, Allard, B. S. E. B, "98. Chicago Telephone Co., Chicago, Ill

Smith, Alson I, B. S. E. E., '93. Smith Bros., Wauwatosa, Wis.

*Smith, F. H, B. 8. C. E, ’91. 117 Hinsdell Pl., Elgin, 111

Smith, Harry A., B. S. E. E., ’98. General Elec. Co., Cincinnati, Ohio.

*Smith, H. B, B. S. Met. B, ’85. First Nat. Bank, Colton, Cal.

Smith, L. 8., B. S. C. E, ’90; C. E, '95. Prof. in Engineering, Uni-
versity of Wisconsin.

Smith, P. S, B. 8. E. &, "98, Kellog Switch Board & Supply Co., Chi-
cago, Ill.

*Smith, 8. T, B. S. C. &, *00. Sturgeon Bay, Wis.

Spence, Harry, B. S. E. E., ’98. Principal 5th Dist. School, La Crosse,

" Wis.

*Spencer, R. C., Jr., B. 8. M. 1., '86. 1505 Schiller Bldg., Chicago, Ill.

*Spindler, Max, B. S. C. ., '98. Cannot be located.

-*Stanchfield, Bartley, B. S. M. E, ’94. Fond du Lae, Wis.

Stanchfield, Geo. H., B. 8. C. E., '92. Watertown, Wis.

Stevens, John, Jr., B. S. M. B., '89. Appleton, Wis.

*Stewart, R. W,, B. 8. C. E, '99. C. & A. R, R., Chicago, Ill

*Stone, Melvin B., B. 8. C. E,, ’00. N. P. R. R., St. Paul, Minn.

*Bturtevant, H. B., B. 8. C. E., '80; C. I, '88. Pioneer Iron Co., Ely,
Minn.

Swenson, Magnus, B. S. Met. E., '80; M. 8., ’83. 944 Monadnock Blk.,
Chicago, I1I.

Swenson, Victor, E. E., '01. Prof. of Elec. Eng., University of Wis-

consin.
Sweet, John F., P S. M. E, '93. Browning Mfg. Co., Milwaukee, Wis.
Swinborne, E. D., B. 8. M. B, ’88. G. A. Harter & Co., 1116 Lake St.,
Chicago, IIL
Taylor, J. C, B. 8. E. E, ’01. Sulivan Machine Co., Chicago, Ill.
Tessier, L. G, B. S. M. E,, ’93. De Pere Terra Cotta Co., De Pere, Wis.
Thompson, Jas. R., B, 8. Met. E., '87; B. S., ’88; M. S., '92. Newport
Mining Co., Tronwood, Mich.
‘Thorkelson, H. J. B, B. S. M. K. '98. J. I. Case Plow Works, Racine,
Wis. )
Thorp, Geo. G, B. S. M. E.,, ’92. St. Clair Steel Co., Empire Bldg., Pitts-
burg, Pa. ‘
*Thygeson, N. M., B. S. Met. E., '85; LL, B., ’87. Attorney, St. Paul,
Minn,

*Thuringer, Chas. B. 8. C. E, '93. U. 8. Engineer’s Office, Milwaukee,
Wis. .

*Tibbitts, H. L., B, 8. C. B, '94. 761 Cass St., Milwaukee, Wis.

v
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Townsend, H. J., B. S. E. E, ’01. Chicago Telephone Co., Chicago, Il

sTragutman, G. H, B. S. M. E, "96. Fairbanks, Morse & Co., Beloit,
Wis.

#Trippe, H. M., B. 8. C. E, "96. C. & N. W. Ry., Baraboo, Wis.

srowbridge, J. B, B. 8. C. E,, '76; M. D. Rush, ’82. Hayward, Wis.

True, E. B, B. 8. E. E, ’96. Chicago Edison Co., Chicago, Il

*Tyrner, Jos. M., B. 8. C. B, "77. Supt. Public Schools, Burlington,
Wis.

Uehling, O. C., B. S. C. E, '90. 330 Grove St Milwaukee, Wis.

*UUpdegraff, Milton, B. 8., B. M. E., ’84; M., S. ’86. Naval Obser-
vatory, Washington, D. C.

Van Ness, L. G., B. 8. E. E, '96. Denver Consolidated Elec. Co.,
Denver, Colo.

Van Ornum, J. L., B. 8. C. E, '83; C. E., ’'91. Prof. of Engineering,
Washington University, St. Louis, Mo.

Vaughn, F. A, B. 8. E. B, 9. T, M, E. R. & L. Co., Milwaukee,
Wis.

Vea, F. J., B. S. M. E,, '01. Supt. of Stoughton Wagon Works.

Viebahn, G. 0., B. 8. C. B, '93 Died Feb. 2, 1837, Watertown, Wis.

*Wade, C. G, B. S. C. E,, "84, C. G. Wade & Co., 228 La Salle St., Chi- .

cago, Ill.
Waldo, Geo. E., B. S. M. E, '85; LL. B, ’88. 1223 Monadnock Bldg.,
Chicago, Ill. _
Waldo, M. A, B. 8. M. E,, "84, Mo. Valley Bridge & Iron Works,
Leavenworth, Kan.

*Wales, C. M., B. 8. M. E, '85. Cleveland Forge & Iron Works, 11
Broadway, New York City.

Warner, H. R., B. S. M. E,, '98. American Cotton Co., Waco, Tex.

‘Warner, F. D., B. 8. M. E, '96. 'Wm. Page Boiler Co., Boston, Mass.

Warner, M. F., B. 8. E. E,, '95. H. W. Johns Co., New York City.

Washburn, F. E., B. 8. C. E, ’01. 94 14th St, Milwaukee, Wis.

*Wassmansdorf, 0. F., B. 8. C. E, '00. Milwaukee Gas Works, Mil-
waukee, Wis.

*Wasweyler, H. W.,, B. 8. M. E, ’85. Milwaukee Brass Mfg. Co., 311
9th St., Milwaukee, Wis,

Watson, C. H., B. 8. M. B, '01. Pueblo, Colo.

Webb, H. 8., E. E., '98. Prof. Elec. Eng, University of Maine, Orino,.
Maine.

*Weed, L. B, B. 8. C. E, ’00. Minnesota Iron Co., McKinley, Minn.

West, A. J., B. 8. M. E, ’87. Allis-Chalmers Co., Milwaukee, Wis.

*Wheelan, Jas., B. S. C. E, ’77. River & Harbor Improvements,
Monches, Wis.

White, F. B., B. . M. E;, ’86. Died, June 27, 1886, Madison, Wis.

*Whomes, H. R., B. 8. M. E, '00. C. & N. W. R. R, Chicago, Ill.

Wiley, R. R., E. E,, ’99. Packard Elec. Co., Petersborough, Ontario.

Williams, C. H., B. 8. M. E, '96. Four Lakes Light & Power Co.,
Madison, Wis. . .

Willlams, Lynn, A., B. 8. M. E,, ’00. Studying Patent Law, Chicago,.
Il
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Willlams, Wm. H,, B. S. E. E, '96. Prof. in Montana State College,
Bozeman, Mont.

Willlams, L. D., B. 8. C. E, "01. Penn. R. R. Co., Pittsburg, Pa.

*Williamson, E. L., B. 8. C. E, 00. Milwaukee Gas Works, Milwau-
kee, Wis.

*Wilson, E. F.,,

B. E ’84. North Tonawanda, N. Y.
*Wipfler, R. E., B.
B S.

‘M.

C. B, *00. TU. 8. Geol. Survey, Kelleyton, Ala,

*Wise, P. L., E ’88 Terre Haute & S. W. R. R., Marion, I..,

*Wolter, B. C., B. , '75. Appleton, Wis.

Wood, H. H,, B. S. M. E., ’01. Stoughton Wagon Works, Stoughton,
Wis,

*Wood, W. W.,, B. 8. C. E, ’76. Rushville, Neb.

Woodward, Wm. L., B. 8. M. E,, *94. 520 S. 5th St., La Crosse, Wis.

*Worden, B. L., B. S. C. E,, '93. Wis. Bridge & Iron Co., Milwaukee,
Wis.

Worden, E. P, B. 8. M. E, ’92. Prescott Steam Pump Co., Mil-
waukee, Wis, i

Wray, Jas. G., B. S. E. E,, ’93. Chicago Telephone Co., Chicago, Il

Young, Jas. R., B. M. E ’93. Died July 6, 1895,

Zabel, M. B, B. S. E, ’98 78 5th Ave., Chicago, Il -

Zimmerman, O. B, B. S. M. E,, '96. TInst. at University of Wisconsin,

'Zinn, W. B, B. S. M. E,, "98. T., M., E. R. & L. Co., Milwaukee, Wis.

‘Zweitusch, E. 0., B. 8. M. E,, ’86; M. E., 88. Engelufer 1, Berlin, 8. 0.,
Germany.

S.
8.
C.
S.

S.
.
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‘We have just purchased for Spring the largest line of
Young Men’s Suits and Overcoats
Ever Brought to Madison.
« STEIN-BLOCK?” and « K. N. & F.” makes are the best in
the world in « Ready-to-wear ” clothes and we are exclusive agents.
WILL SHOW NEW SPRING GOODS ABOUT FEBRUARY 15.

’ 50 YEARS'™
¢ EXPERIENCE

TRADE MARKS
DESIGNS

COPYRIGHTS &c.

Anyone sending a sketch and deacrigtiun may
quickly ascertain our opinion free w ether an
invention is probably patentable. Communica-
tions strictly confidential. Handbook on Patentg -
gent free. Oldest ngency for securing patents.

Patents talken through Munn & Co. recelve
special notice, without charge, in the

Scientitic American,”

A handsomely illustrated weekly. Largest cir-
culation of any scientific journal, Terms, $3 a
year ; four months, $1. Sold by all newsdealera.

MUNN & Co,3618roacway, New York

__ Branch Office, 625 F' 8t., Washington, D. C.

E. R. CURTISS,

~JPhotographer...

MADISON, WIS.

VILAS ELOCK,
ELEVATOR.

% Catalogue of Architectural, Sclentific
aud Technical Books.
Prospectus for 1902, for “Architects’ and

Builders’ Magazine” monthly, 32 a year.

WM. T. COMSTOCK, Pub.,23 Warren St_, N. Y.

SUNDAY DINNER
AT

CAPITAL HOUSE,

5:30 to 7:30.

Please mention the Wisconsin Engineer when you write.
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. Engineering Review, |
A Monthly Journal, devoted to :
Plumbing, Ventilating,
Heating, Lighting.
’ $1.00 a Year. Sample copies, 10 cents. q
H. A. Smrra, Publisher.
338 Park Row Building - - - - - New York. |
¥ 710 Kedzie Building - - - - Chicago. 3

Please mention the Wisconsin Engineer when you write,
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EVERYTHING ELECTRICAL.

ELECTRIC APPLIANCE CO.,

92-94 W. Van Buren St.,
CHICAGO.

SAMUEL HARRIS & CO.,

23 and 25 So. Clinton St.. Chicago.

We carry the LARGEST Stock of Tools and ,
Supplies West of New York.

KEELEY’S
- PALACE 07 SWEETS

The largest and grandest

CANDY STORE

in the northwest.

JUST WHAT YOU WANT

Wh can we have our Select Dances this
ere winter? AT KEELEY'S

can we have our Parties?
Where AT KEELEY'S

can we get our Lunches?
Where AT KEELEY'S

can we get the Best Candies?
Where AT KEELEY’S

W h can we get Delicious Ice Cream Soda?
ere AT KEELEY'S

Wh can furnish the Hali, the Supper, the
0 Punch, and everything for a Select
. Party? KEELEY

WEST WATER & WELLS STS.
WWIS.

M I LWAUKELE,

ZLLUSTRATIONS.

Mﬂmm&;@'mmplCAWKER BLDG.

W h has the Palace of Sweets?
0 KEELEY

112 STATE STREET.

Please mention the Wisconsin Engineer when you write.
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- GO TO
< Cudahy’s Cash Market

For Choicest Inspected

MEATS

Of All Kinds

111 W. Mifflin St. R. SMITH, Mgr.
" Phone 1507

“GEM UNION” INSTRUMENTS
SUPERIOR TO ALL OTHERS

Largest sStock of Drawing Materials and surveying instruments in
the West Catalogne sent on App ication.

EUGENE DIETZGEN CO.

181 Monroe §t., Chicago. 149-151 5th Ave., New York

ATLANTIC, GULF.AND PACIFIC CO

Hydraulic Dredge discharging through 5,700 ft. of pipe.

EN INEEFIS AND CONTHAOTO S.
Geo, W. CATT, M Am. Soc. C.E.,, M. inst C. E., Pres. & En, THO! LONG, M. Am. So: C. E., Vice Pres. & Engr.
1.5.WOOD, C. E., Sec. & Treas. E{RUSI C.E.,Pac. CnastMan R.A.PERRY, Supt

SPEC.MI-TIES: Dredglng.Dredgmg Machmes, Land Reclamanon Docks, Plers, Foundations, Bridges.
Correspondence solicited.
MAIN OFFICE: PARK ROW BUILDING, NEW YORK
PACIFIC COAST OFFICE: 220 MARKET STREET, SAN FRANCISCO, CAL.

Please mention the Wisconsin Engineer when you write.
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A RPN

85 Wil R WS

~,

&)
z L{’é
= ' :
= =
2l Opportunity Knocks! i
E\"?“ Health Habits or Writer’s Cramp,— Constant Accelera- 5@
=% ?-
E@?}E tion or Constant Inertia,— Which «ill you have? =
Z_‘:\m THE WINNERS IN LIFE’'S RACE ARE THOSE THAT HAVE SHAPED THEIR COURSE gﬂg
g\)\ TO THE ACTUAL CONDITIONS THAT THEY WILL MEET IN THE WORLD. }(\‘3
= . (=

2% Foremost of the First Among Typewrtters are the

& NEW CENTURY g@
S DENSMORE and YOST }g

-
o

2 . y.g
7% The New Century Caligraph N
%‘:ﬁ Velvet Touch. Lirect Action. Key for a Character. b’-\;ag
=y =)
ﬂ)_afi he New Model Densmore )
E\-k 16 cAttractive Features. Tawo Nodels. A Popular Shift-key Machine. i;.(é
%fé‘; The Yost Writing-Tlachine ﬁ"%

“* The Typeawriter of Beauliful Work.”” Prints Directly from Type. =

éﬁ SEND FOR, DESCRIPGIVE CIRCULAR.S. . ;’i\‘.}\g
=5 United Typewriter and Supplies Co., ;;_;32
5£ Agents for Wisconsin and Northern Michigan. 414 Broadway, Milwauhkee, Wis. W=
2 E
A B R T A R A R A T e A R A N A A AT AT AT AT ATATR
R R N R R

Please mention the Wisconsin Engineer when you write.
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JUST ISSUED

8vo. Cloth, 31 Pages, 150 Illustrations. Price, $3.00.

TUNNELING

An Exhaustive Treatise, containing many Working Drawings and Figures by

CHAS. PRELINI, C. E.
With additions by
CHARLES S, HILL, C. E.
Associate editor ‘‘ Engineering News.”’

8vo. Cloth, 505 Pages, lllustrated. Price, $3.00:

ELEOTRIO LIGHTING

A Practical Exposition of the Art.
For the Use of Electricians, Students and others by

FRANCIS B. CROCKER, E. M. Ph. D.,

Professor of Electrical Engineering, Columbia College, New York; Past-President of the
American Institute of Electrical Engineers.

Volume II—Distributing System and Lamps.
Volume [—The Generating Plant.
Previously Published $3.00

- SECOND EDITION.

8vo. Cloth, 281 Pages, Profusely lllustrated. Price, $2.50 net.

Dynamo Electric Machinery

Its Construction, Design and Operation
BY
SAMUEL SHELDON, A. M. PH. D,,

Professor of Physics and Electrical Engineering, Polytechnic Institute of Brooklyn.
ASSISTED BY

HOBART MASON, B. S.
Direct Current Machines

D. VAN NOSTRAND COMPANY,

PUBLISHERS AND BOOKSELLERS,

23 Murray and 27 Warren Streets,
Copies sent prepaid on receipt of price. . NEW YO RK.

Please mention the Wisconsin Engineer when you write.
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Are You Interested?

S
33T SIEELse

THE AUTOMOBILE REVIEW

is the best practical Journal in America on automobile manufactur-
ing and operating. It is full of instructive articles which give just
the information you want to know, written by workers and think-
ers. No industry today offers such opportunities as the automobile
field. Why not send for a free sample copy and learn something
about it 7 The subscription price is but $1.00 a year.

THE AUTOMOBILE REVIEW,

Baltimore Building, 21 Quincy St.,
CHICAGO.

Please mention the Wisconsin Engineer when you write.
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We Point
With Pride

To our large trade among the
fraternities and sororities of the
U, W. It's an evidence that
we have what particular people
want,

= =
We handle everything from
Soup to Candles — from Bread
Sticks to Sugar Wafers. You
can always get “nice things ” at

Findlay’s

THE
Galifornia Fruit House

D. WELLER, Pror.

Wholesale and Retail Dealer in

Fruits and Vegetables
Tea, Coffee, Canned
Goods, Confectionery,
Cigars, Etc.

Special Rates to Clubs and Fraternities

Canned Goods Sold at Jobbing Prices

' 30 E. Mifflin St.

Telephone No. 160,

STURTEVANT

B.F.STURTEVANT CO.
BOSTON,MASS.
NEW YORK + PHILADELPHIA » GHICAGO
LONDON .
175

Please mention the Wisconsin Engineer when you write.
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i h STANDARD PORTABLE

DIRECT-READING
‘ Voltmeters '
| Ammeters
B Millivoltmeters
Voltammeters
Milliammeters
Ohmmeters
Portable
Galvanometers

Ground Detectors WESTON Standard Portable Direct Reading
and Circuit Testers Voltmeter.

OQur Portable Instruments are reéognized as the standard the world over. Our Voltmeters 1
and Ammeters are unsurpassed in point of extreme accuracy,and lowest consumption of energy &

WESTON ELECTRICAL INSTRUMENT CO.,,
Waverly Park, Essex County, N. J., U. S. A.

i—European Western Electrical Instrument Co,, Ritterstrasse 88.
—Klliott Bros., 101 8t. Martin’s Lane.

=

(LLRLT R TR R R R RRR LR RN EAT Rl LLLTIPILL

Che Gould
gompany

22 and 24 N. Canal St.,
CHICAGO.

Manufacturers of

Criplex Power Pumps,
Tron Pumps, "o
(el Points,

and

Well Supphes.

Wood Pumps, Piges. Fittings, Brass Goods,
Hose, Belting, Packing, Mill Supplies, Scraper
and Wheclbarrows.

Have You Seen

Taulor Bros.

New Store?
428 STATE ST.
—m—la@i}u-;—

Their stock of Furnishings is, like
the store,

New and Up-to=Date.

'-IIIIIIIIIIIllIIIillIIIlIIIIIIlllIlIIIIIIHIIIIIIIIIIIIIII FLaTLang

Please mention the Wisconsin Engineer when you write.
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MAHN & COMPANY
300-302 OLIVE ST. ST. LOUIS, MO.

Makers of Improved Engineering, Surveying and
Scientific Instruments.

The above illustration represents our TRANSIT THEODALITE No. 1,
Especially Designed for city work,

Tllustrated Catalogue Upon Application.
Please mention the Wisconsin Engineer when you write.
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KEUFFEL & ESSER CO.,,

of New York.

Drawing Materials, Mathematical and
Surveying Instruments,
111 Madison St., Chicago, Ill.
Instruments of Precision for Engineering and Surveying.
PARAGON Drawing Instruments, the Very Best

Instruments Made. K. & E. Duplex and Patent
Adjustible Maunheim Slide Rules.

Our Patent Adjustable Slide Rules are recommended by all Engineers familiar
with the use of Slide Rules, as the best and most accurate.
Repairing of Instruments Promptly Executed. Catalogue on Application.
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B8 No handling ““dead"” [§

matter, nor searchin
i over pages of crossed-
@ offitems, as with book|

i records,  No re-writ-

g cord ; new cards are
- ®" put in exactly their
];!m?cr phce—o]d cardq ( 'dcad i
¥ D
M De gotten almost instantly, Nomatte
many, records you keep, the Card System will keep
them better and quicker. Send for Cat. No. 27—

Yawman & Erbe Mfg. Co., Rochester, N. Y. 488

New York Chicago Bmtnn St. Louis
Philadelphia Pittsburg Toronto 4
San Francisco Cleveland,
Balti

er) are taken out. 8
aving plenty of guides the exact card you want can S
ter what, nor how S68

WHY BE ANNOYED BY

Uncomfortable Temperatures
In Your Home
Office
Schools
Hospitals
Or in fact in Any Building when
the installation of

Johnson System of

Temperature Regulation.
Will positively remedy the trouble
Such device will give you

Comfort
Health
Convenience and
Saving in Fuel.
Over a Million People are benefitted
daily by the

...Johnson Thermostats...
If interested write to

Jonnson Electric service Go

MILWAUKEE, WIS.

§§ You will need the best possible substitute for your
% college reading room, if you wish to
% . Current engineering periodicals must be consulted.
ﬁﬁ The Excineering InpEx makes the contents of all
} the leading American, British and Continental jour-
nals available at a minimum expenditure of both
time and money. Send for sample copy and partic-
g ulars. Mention the Wisconsin Engineer when you
write
The Engineering Magazine,
120-122 Liberty Street, New York.

LR G

AFTER GRADUATION

Please mentwn the Wzsconsm Engmeer when you wmte
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“R\ STEN S o N
MOTOR-DRIVEN
AIR COMPRESSORS

flas Many Advantages over Steam GOMPressors.

FTTTL Lttt L L TR R LR LR LR RET CRELERL
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BULLETIN No. 450 EXPLAINS THEM.

£ R A A

Christensen Engineeriug Co.,

MILWAUKEE-
59 CITY ROAD, 135 BROADWAY,
LONDON, NEW YORK.
llllllI'III!II!IIIIIIIIIIIIIIIIIIIHIIIIIIlIlllllllllllllllllllllllIII'lIIIlllIIIIllI|IllllIIIIIlllllIllllll'llllltlllIlllllIlIIIIIIIIIIllIIP
Please mention the Wisconsin Engineer when you write.
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