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FOUNDATIONS. 

By W. A. TRUESDELL, PH. B., ’67. 

Our Oldest Graduate in Engineering Practice. 

There is no subject in the whole art of construction more im- 
portant than foundations, and the student and young engincer : 
should be thoroughly informed on all that is known concerning it. 

As the first object of all building is stability, the foundation of 
a structure should be secure and sufficient. It is by all means 
the most important part. It should be built with this idea in 

: mind, and on the supposition that it is to last forever. If the 
foundation is good whatever is built upon it will, under ordinary 

| circumstances, take care of itself. No time, trouble or money 

should be spared to make it satisfactory. 

This is a subject which does not admit the application of mathe- 
matical formulas or any other kind of theorizing. Everything of 
any value that is known regarding it has been derived wholly from 

experience; theory is of no use whatever. It is only by studying 

and knowing what has been done in all countries and in all times— 

what has been successful and what has failed—that we are safe in 

‘designing and executing works of this character. All modern 

|
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methods of building on natural or artificial foundations now used 

by engineers rest on such observation and the engineer must be 

guided by his knowledge of what others have done before him 

and by his own judgment. 

A great deal has been written about foundations and much more 
might be written for it is an extensive subject. This paper is not 

intended as any valuable addition to what has already been writ- 

ten or as any statement of facts, but what has been long known. 

It is only an embodiment of ideas and observations gathered dur- 

ing several years of practice and grouped together for the read~ 

ers of the Wisconsin EncINEER. For all rules and principles re- 

lating to this subject as laid down by the best writers and for de- 

tailed accounts and descriptions of the most noted works the stu- 

dent must consult the standard text books and the various peri- 

odicals of engineering literature. 

Of Natural Foundations—The supporting power of the dif- 

ferent varieties of soils has been a subject of serious study and 

observation with engineers; for the very first principle of design 

is to plan and proportion a structure so that its weight on the 

supporting soil will not be so great as to endanger its safety. 

Experiments have been made and rules framed to determine 

what loads different soils will sustain, but they are of little value. 

The natural soils which an engincer meets with are so various in 

their composition and character, that about all he can do is to 

learn what weight each variety has been successfully loaded with 

in existing engineering works and what weights have caused fail- 

ures. 
In each particular case, as it occurs in his practice, he must in- 

vestigate existing successful structures which are built on soils 

similar to the one he is considering as near as he can determine, 

bearing in mind the fact that in any variety of soil whatever, the 

sustaining power is less as the compactness decreases and its sat- 

uration with water increases. 

To ascertain the character of the soil in a proposed foundation 

of any magnitude the best method is by borings, but sometimes 

ittis not reliable. Soundings are usually worthless. 

Next to solid rock or a bed of boulders, coarse sand and gravel, 

when free from water, is the best material an engineer ever meets 

with, and if a structure is planned according to the rules of ordi-
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nary construction there is no reason why that structure should not 
be successful. The supporting power of this material like all 
other soils varies with its hardness and freedom from water. For 
ordinary sand and gravel a safe load is three tons to the square 
foot, but there have been instances where the load was four and ~ 
even five tons without any settlement, though this depends al- 
together on the compactness of the material, 

The writer once built in this city (St. Paul, Minn.) a pier 6 feet 
thick and 125 feet long which supported a great weight and pro- : 
portioned the footings so that the load was 4 tons. The material 
was coarse sand and gravel. 

When sand is of a finer quality and any ways saturated with 
water its supporting power grows less and the loads must be goy- 
erned accordingly. With fine sand when dry 2 1-2 and 3 tons is 
load enough. If saturated to any extent with moisture, or par- 
ticularly if in that condition commonly called quick sand, any ex- 
cessive loading will force the surrounding soil upward. In such 
a case the greatest care is necessary. Material of this character 
will do for a foundation if loaded to about 1 or 1 I-2 tons per 
square foot and the whole foundation confined inside of tight 
sheet piling. 

Clay soils are of great variety. Some are hard and compact 
and free from moisture and incompressible. When found in this 
condition they have a good sustaining power and are considered 
reliable foundations, but it is difficult to give the limit of weight 
with which they should be loaded. In some instances when very 
hard, so that they yielded only to the pick, they have been loaded 
with 5 tons per square foot. In other cases hard pure clay has 
failed with the same load. 

As a general rule, soil of this kind, that is, hard clay free from 
moisture, will bear a load of 2 tons and perhaps 2 1-2 tons with 
safety. Yet with this as a limit they are unreliable unless kept 
free from moisture. Instances could be mentioned where build- ' 
ings have been erected on soil of this character with 2 1-2 tons 
load and have remained intact for years and then failed, prob- 
ably because water found access in some way to the foun- 
dation. 

Clay soils have a great propensity for retaining water when 
once admitted and in this condition they become yielding and
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compressible and unreliable, when considered as a foundation. 

Here the greatest care must be taken. The foundation should be 

spread over as much area as possible, and then if in ordinary plas- 

tic condition, the load is sufficient at I or I 1-2 tons per square 

foot, provided the whole foundation is confined by sheet piling. 

Clay when mixed with coarse sand and gravel is a good soil 

for building. Its supporting power increases as the sand and 

gravel increases. Sometimes the clay appears to act as a cement 

and binds the mass together into a sort of concrete. Waen in this 

condition it is commonly called hard pan and is safe for the 

heaviest loads an engineer would ever think of putting on any 

kind of soil, say 5 tons or more. 

In the various kinds of soil above mentioned, from wet and com- 

pressible clay or quick sand, to cemented clay and sand, the loads 

given as a limit are from 1 ton to 5 tons. Some engineers may 

disagree with these figures. If so no one will consider the ob- 

| jections more readily than myself. 

The Washington monument is built on a foundation of clay 

and sand, but of what degree of hardness the writer does not know. 

The weight per square foot is given at 3 tons near the outer 

edges and 9 tons in the centrai part of the foundation. 

This is the most excessive weight ever known to be placed on 

any natural foundation, The example should never be imitated 

and probably never will be. Much was said at the time the mon- 

ument was completed about it and grave doubts were expressed 

as to the ultimate fate of the structure. Whether their criticisms 

were just or not may require a very long time to determine. 

From the foregoing we might classify the natural foundations 

which an engineer meets with in ordinary practice, and which | 

should occasion him no trouble so long as he keeps within the | 

prescribed limits of loading, as follows: 

1st. Solid rock, which will maintain any load however great, 

governed only by the crushing strength of the material and the 

allowance of a sufficient factor of safety. 

2. Boulders and gravel—always a safe foundation to build 

on—and if the area is well proportioned, no danger of overloading. 

3d. Clay and sand. When in a hard and cemented condition 

this foundation will sustain heavy loads approximating to the
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softer kinds of rocks. This is considered a good natuval founda- 

tion. 

4th. Dry sand or sand and gravel is another ordinarily good 

foundation when not in any danger from running water and loaded 

not to exceed 2 or 3 tons per square foot. : 

5th. Compact clay, usually a good base to build on and 

reasonably safe if well guarded from water; one which will bear 

loads not to exceed 2 or 2 1-2 tons per square foot. 

Of Artificial Foundations—W henever the soil is too wet and 

compressible to build directly on, the engineer must resort to 

some other method which the size of the proposed structure, the 

locality, and other circumstances only can determine. 

The different kinds of artificial foundations now used by en- 

gineers are very few in number and might be enumerated as fol- 

lows: concrete beds, concrete on piling, timber on piling, and 

timber caissons. Any artificial foundation should be one of . 

these or a modification. 

There are other methods recommended by some writers, such 

as sand piles, compressing a soft soil by short piling, and filling : 

in with sand or gravel, but no practical engineer would ever think 

of using any of them. 

If a wet and yielding stratum is underlaid by a firm and hard 

one, and is not too deep, the common practice is to remove the 

softer one entirely and build a bed of concrete, upon which the 

masonry structure is to rest. 

It is sometimes good practice, when the proposed structure 

is not too heavy, to build the concrete directly on the soft ma- 

terial, giving the bed as large an area as possible. The engineer 

is governed by the amount of load and the compressibility of the 

soil when he adopts this method. 

| Concrete is very often used as a foundation for heavy bridge 

piers when piling can not be used or is unnecessary. When the 

river bottom is found to be a bed of mud or silt overlying some 

hard material such as hard clay, hard pan or rock, it is customary 

to sink a pier or bed of concrete enclosed in timber, or a cassion. 

filled with the same material, through the soft and changing bot- 

tom to a substantial bearing on the hard stratum. This is the 

common practice and is the best method that can be used when- 

ever a hard and reliable bottom can be reached. The bridges
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over the Missouri river at Bismark and Plattsmouth are good il- 
lustrations of this method. | 

Concrete is a material which enters largely into engineering and | 
architectural works and its use is still growing. Every prac- 
tical engineer is expected to understand it and its preparation. 
Theoretically, or as we read about it in the text books, it is a good 
material to put in substructures. It is supposed to be an artificial 
stone, but as contractors are apt to make it, it is not always what 
is desired in good work. The best conerete the writer ever saw 
was what he made himself and what he has seen other engineers 
make—not contract work but by day’s labor. 

To make the best concrete, where it is essential to have good 

work done, Portland cement should be used. The additional 
cost will be money well expended. It is a good method and it 
is very often followed, where a large quantity of concrete is to be 
made, say three or four feet or more in thickness, to make the 
lower portions with American cement and the upper part with 
Portland. 

Though concrete is usually a good foundation when laid on a 

medium soft soil and the weight above it is not too great, it is 
unsafe when these conditions are reversed, and it is sometimes 
difficult for an engineer to decide which to adopt—concrete or 
piling. If the soil is any ways wet and the superstructure to be 
of considerable size and weight, then there should be no hesita- 
tion about using piling’ 

Several years ago the Union Depot in this city was built on a 
bed of concrete where piles should have been driven. The loca- 
tion was on low ground near the Mississippi river and the soil 
was wet and soft. The fault was soon apparent after the build- 
ing was completed. 

A very unusual and at the same time a very interesting foun- 
dation was put in by the writer on the Great Northern Railway 
bridge over the Columbia River in Washington during May and 
June, 189s. 

A timber trestle some 60 feet high and 275 feet in length was 
to be replaced by a steel structure. The old trestle was in most 
part built on a bank composed of basaltic rocks and chips mixed 
promiscuously which had been thrown in when the road was 
built some three years previously. The embankment rested on 

en
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solid rock. The new bridge required ten supports besides the 

abutment at one end. Four of the supports were on solid rock. 

The others were on the stony embankment where it was necessary 

to shink shafts or wells each 8 feet by 8 feet with curbing put in 

as the excavations were carried down through the made bank to 

solid rock. This was a most tedious operation, and required 
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time and great care, on account of the character of the material 

removed and the old trestle to be maintained intact. Two of 

these shafts were 32 feet deep, two others 26 feet. Each well when 

| excavated was filled with broken rock, of different sizes, put in by 

| hand and well rammed and pounded, and each layer of 1 1-2 feet 

| grouted. This filling was carried to within 6 feet of the top. 

Then came 6 feet of the best concrete and after this a short mason- 

ry pier.
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When a wet material is ‘oo deep to be excavated piles are in- 
variably driven to secure a substantial support. If they are in 
soft ground only, they depend for their sustaining power on the 
friction of the surrounding material against their surfaces. If 
there is a hard stratum below and it can be reached, they are always 
driven to it, and if practicable into it, to a firm bearing. 

Piles are extensively used in all kinds of heavy work, where 
the location requires it, and have been for ages. It is doubtful if 
anything cheaper or better will ever be devised. A practical 
knowledge of pile driving is essential to every engineer. The 
empirical rules for finding the weight a pile will bear from the 
fall and weight of the hammer may not have much value. Ran- 
kin gives as the safe load for a pile driven to a firm bearing 1,000 
Ibs. per square inch, and for a pile in soft ground, that depends 
only on friction, 200 Ibs. (See Civ. Bng., p. 602.) That writer is 
cited because he is a very reliable authority. For piles of stand- 
ard size this would be 50 tons and_ ro tons. In all works in this 
country the loads on piling are between these extremes. 

In this city there are a number of buildings five and six stories 
high and covering large areas of ground which are built on what 
was originally a swamp. All of them rest on pile foundations 
with beds of concrete surrounding the piles from two to three 
feet thick and sometimes a foot above. In some of these build- 
ings the piles were from 25 feet to 30 feet in length and driven to 
a hard bearing. In others they were 50 and 60 feet long and 
driven without reaching bottom. In every instance these build- 
ings are solid and stable. One of them is thirteen stories high. 

Of course in all localities where pile foundations are put in, 
there is always sufficient water to insure the preservation of the 
piles. Wooden platforms on piling are built only when they are 
to be forever under water. Concrete beds should always be used 
instead of timber platforms whenever it is possible to do so. 

Foundations of whatever kind should be deep. This is a prin- 
ciple of engineering always to be observed, whether it applies to 

an ordinary dwelling house, a pile bridge or a railroad or high- 

way, or to a large bridge pier in mid stream. In all buildings they 

should be deep enough to be below the effects of frost if for no 

other reason. The roadway of a pile bridge will heave and warp 

out of line and grade if the piles are not driven below the reach of 

eee
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frost. The foundations of bridge piers, if in a shallow stream 
must be below extreme low water mark and out of the reach of 
ice, and if the stream is deep and has a stiff current there must be 

no danger from wash and scour. 

During the past year the writer was called to superintend the gs I y P 
construction of a steel highway bridge over the Mississippi river 

at Aitkin, Minn. The contract had been let for some time on 

plans furnished by the contractor himself. All the men and 
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material were on the ground and work about to commence. The 

pivot pier to sustain the draw was to be built in mid stream and 

was to be a cylindrical drum filled with concrete, 18 feet in diam- 

eter and 22 feet high. It was intended to build this pier on the 

foundation shown in figure IT.
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This absurd piece of work was about to be imposed by the con- 
tractor on a board of unsophisticated county commissioners. The 

foundation was actually built as shown in figure ITI, which was 

the best that could be done under the circumstances. Instead of 
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piles 22 feet long, heavier ones 35 feet long were driven through 

the soft material into a harder one and to a solid bearing. These 

piles were cut off three feet lower than at first intended and would 

have been cut off six feet lower if the plan of the bridge above
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had not been governed by high water mark. Finally after the cut 

off, over 100 loads of boulders were gathered from the surround- 

ing country and placed between the piles and on the outside, after 

which the platform was sunk and bolted. 

This change was a vast improvement on what was at first in- 

tended. It brought the timber platform below the zeach of ice 

and gave more stability to the pier. Perhaps this foundation is 

not a model one but it is safe and substantial enough for an ordi- 

nary highway bridge where there is no scouring or wash. The 

whole load on each pile is about ro tons. 

A foundation to be stable, should be uniform throughout its 

whole area. One of the greatest difficulties an engineer ever has 

to contend with is when the soil is of variable character and of un- 

equal hardness, as for example, rock or compact earth in one posi- 

tion and common earth or a yielding soil in another. So long as 

a foundation is of equal compressibility whether it is hard or soft 

the settlement is equal and no damage is liable to occur, but if 

the underlying soil varies in this respect then whatever is built 

upon it will settle accordingly. Any structure on such ground is 

bound to settle unequally and unequal settlement causes cracking. 

In my opinion, a foundation in a swamp is preferable, for in 

such a case an engineer knows just what to do, but when the soil 

is of different supporting power he is sometimes uncertain how to 

proceed. About all he can do is to make it as uniform as possi- 

ble, and take extra precautions in that part where the soil is softest. 

He should always endeavor to make a foundation to a uniform 

plan as near as circumstances will admit, that is to say, it should 

be all earth, all concrete or all piling, and not part one and part 

the other. 

The east abutment of the Seventh Street Improvement Arches, 

built by the writer in this city in 1883, was a long piece of ma- 

sonry about 225 feet in length, and supported on piles. At the 

south end the ground was very hard and piles were driven with 

difficulty. At the north end every thing was different, wet and 

soft. After the whole work was completed. unequal settlement 

took place and a slight crack vertical in direction occurred 

through the whole abutment from bottom to top, exactly at the 

dividing line between the hard and soft ground. 

There is a large wholesale building in this city, which was built
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with one end on sand rock and the other on piles. This building 

shows the same result from the same cause. 

Foundations should be spread and the superstructure so de- 
signed that the weight will bear equally throughout the whole 
area. This is another principle to be followed. It is the only 
safe way to build on a bad foundation, and the principle holds 
good whether the foundation is bad or not. A long paper might 
be written on this subject alone detailing how this principle should 
be carried out in all structures and giving interesting illustrations, 
but time and space will not permit. The writer is now (July, 1896) 

engaged on the foundation of a large office building which rests 

on piles from 20 feet to 30 fect in length and driven to a hard 

bottom. The foundation is so planned that together with the 

outside walls and interior supports the lead per pile will be from 

ro to rf tons. 

Foundations should never be built on made ground. This is 

| another principle of good engineering, though it is not liable to 

be violated in works of large magnitude. When made ground is 

sand and gravel it will come to rest in a comparatively short 

time, but if clay, it may be years before it reaches a final rest. 

Anything built on made ground is liable to settle and usually 

does. When a soft stratum rests on a hard one, some of our text 

books advise excavating the soft material and filling in with sand 

or gravel as a base to build on. This is bad practice whether 

the deposit of sand is rammed and puddled or not. One of the 

worst failures that ever occurred in this city was a wall built on 

such a foundation. This rule is not laid down because that par- 

ticular failure is in mind, but because it is a well known fact with 

builders that made ground is not reliable. 

‘To an engineer well posted in his profession the practice of foun- 

dation work should present no difficulty. Engineering science 

has made rapid strides in this country during the last 25 or 30 

years, and many celebrated works have been constructed, which 

have been fully described and illustrated and are accessible to 

study and inspection. The engineer now about to commence his 

profession will find that so much has been done by others before 

him that his work is, in a great measure, only a process of imi- 

tation and very little opportunity is left for originality. It is well 

ee ee
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perhaps that this is so. Foundation work from its very nature 

, and importance must necessarily be a question of experience. 

| It is too hazardous to attempt any original and untried meth- 

; ods, and no engineer who has his reputation at stake would 

think of doing so. He must let experiment and theory alone. 

It is far better to follow the old beaten paths which heretofore 

have always lead to success. 

ABRASIVES. 

By A. L. GODDARD, B. S., ’96. 

During the last few years there has been a remarkable devel- 

opment in the manufacture and use of abrasives. The multiplicity 
of the applications of the various kinds of abrasives makes a gen- 

eral knowledge of the methods employed not only useful, but nec- 

essary to engineers. 

Formerly the grindstone was used almost altogether for grind- 

ing. The stone was a soft, even standstone. For shop-tool grind- 

ing it was run slowly, but for heavy grinding and grinding cutlery 

a fast speed was used. The stones were quarried and roughed out 

with mallet and chisel, then mounted and turned up with an old 

file or chisel or with a piece of soft iron gias-pipe. A slow speed , 

was generally used for turning up and for trueing up in the shop; 

but if this was not easily obtained, the high spots were first marked 

with a piece of chalk or charcoal held against the revolving stone, 

and then the stone was stopped and these spots were picked with 

a pick or old chisel, after which they could be more readily turned 

off. The turning was always done dry except the finishing when 

. water was sometimes used. If the stones were to be used for 

grinding tempered steel as axes or other edged tools, the surface 

of the stone was picked with a tool shaped like a small adze. This 

made it cut more rapidly with less likelihood of drawing temper. 

Hard or soft spots are very likely to occur in grindstones ard 

cause much trouble as the wheels soon wear out of true and be- 

side this hard spots will draw the temper of tools unless much 

-care isused. Grindstones are not much used in this country now; 

the best ones here come from Ohio. In England, however, they
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are still used. Mr. Paret, president of the Tanite Emery Co., in a 

visit to Sheffield in 1892, found the workmen in about all of the 

shops grinding razors and other cutlery on grindstones with the 

same methods that were used fifteen years ago. And this seems 

the more remarkable when we remember that these workmen have 

about as hard, dirty, disagreeable work as skilled workmen are 

obliged to do. 

Corundum is an oxide of aluminum, having the formula Al, O). . 

The gems, oriental amethyst, sapphire, garnet, oriental ruby and 

oriental emerald, are corundum crystals. The corundum which 

is used for grinding is mined principally in Georgia and Pennsyl- 

vania. The crystals are dark and very hard. Corundum having 

impurities, usually oxide of iron, is called emery. This occurs 

massive, sometimes in veins between other rock and sometimes 

it is found in large granular masses in the soil, That which oc- 

curs in veins splits easily with flat sides, but that which occurs in 

masses in the soil is amorphous and massive and is broken with 

difficulty. Corundum is much harder than emery. The hardest 

corundum is a light colored variety mined in Georgia. Emery is 

mined in Turkey, in the Island of Naxos, Greece, and in several 

places in this country. A very good emery is mined in Chester, 

Hampden Co., Mass. Westchester Co., N. Y., furnishes a some- 

what softer emery than the Chester emery, although it has about 

the same composition. Westchester county emery is ttsed by the 

Tanite Co. About three-fourths of all the emery that is imported 

comes as ballast. It is purchased at the ports of Turkey and 

Greece, not in proportion to the demand for it in the western na- 

tions but as it is needed for ballast, and when it reaches England 

or America it is sold to a broker. It varies widely in quality, and 

one must use his judgment in buying from the brokers as no guar- 

antee can be given with the emery, for nothing is known about it. 

It is crushed in an ore crusher and graded to fineness by screens, 

The numbers 10, 20, 30, 100, etc., indicate the number of meshes 

to the inch in the screen. It is graded still finer by decantation. 

This is called “washed flour” emery. A number of reservoirs 

have water flowing through them in succession at a fixed rate 

and the emery which is held at first in suspension is deposited in 

these reservoirs. Of course the coarser particles settle in the first . 

reservoir. It is marked F, FF, ete.
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While corundum is esseiitially an oxide of aluminum, commer- 

cial corundum is far from being a pure oxide. The purest spec- 

imen of aluminum oxide on record was a sapphire gem 

which was 98.5% Al, O;. Commercial corundum has from 20% 

to 40% of impurities, mostly silicates. Emery has from 30% to 

50% or more of impurities, mostly oxide of iron. This oxide of 

iron is frequently magnetite. Corundim is the harder, but as 

stated before, this is not the only essential to a good abrasive ir 

a grinding wheel. Where the abrasive is to be used as a loose 

powder, hardness is more to be desired. 

There are two general methods of making emery and corundum 

wheels. One is that used in making “chemical” wheels as they 

are often called, in which the bond that unites the grains hardens 

ot itself or at a comparatively low heat. The other is that used 

in making vitrified wheels. In this method the bond is composed 

of a silicate, usually feldspar (a silicate of aluminum) with litharge, 

gum copal and japan and sometimes other ingredients, different 

proportions being used to give different degrees of fluidity when 

hot and of hardness when cold. The emery and corundum, after 

being mixed with the bond, is molded into wheels and subjected 

to a heat of about 1,800°, which melts the bond and there firmly - 

embeds each grain in the wheel. 

Wheels known as “hard” have more of the bond than “soft” 

wheels and hence the grains are held in place longer. But “hard” 

wheels do not cut as freely as “soft” wheels; that is, when the cor- 

ners of the grains have become rounded off in use the grain does 

not break off and allow other sharp grains to operate. This is ob- 

viated more or less by using a mixture of emery and corundum 

in the wheel. The emery is softer and more brittle than corun- 

dum and splits off, thus keeping the wheel sharp. Since emery 

is massive in structure it always leaves sharp, ragged cdges when 

it breaks, so that it keeps the wheel sharp by breaking itself and 

exposing fresh particles of corundum. While some emery has 

greater crushing resistance than corundum, it does not necessarily 

follow that it will not break more easily on the wheel as this de- 

pends upon its brittieness. 

It is claimed by the makers of vitrified wheels that they are 

stronger than the chemical wheels, but this assertion is disputed. 

In the larger chemical wheels a mesh of brass wire is imbedded in
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the wheel to add to its strength. This cannot be done in the vitri- 

fied wheel as the high heat required for vitrifying would melt the 

brass. But the makers of vitrified wheels say their wheels do not 

need any such device to strengthen them. 

Ina wheel known as the “tanite” wheel, the bond is principally 

or entirely tanite, which is a hard, black substance formed from 

waste leather by a secret process. This tanite becomes plastic, 

and may be molded when subjected to heat and pressure; but what ‘ 

process it undergoes in the manufacture of emery wheels is not 

made public. It makes a very strong wheel. Where a wheel 

must be very thin compared to its diameter a composition of gutta 

percha is sometimes used as a bond. Rubber wheels, as these are 

called, 16 inches in diameter and from one-fourth inch to one- 

half inch thick, are often run at a periphery speed of more than 

amile a minute. Such wheels gum up very quickly, however, if 

anything oily is used on them. 

The average cutting speed for emery wheels is from 4,500 to 

5,000 feet per minute. The usefulness of a wheel is much im- 

paired by having the belt too loose or too small. This causes the 

belt to slip when heavy pressure is brought against the wheel and 

the wheel then wears away very fast and unevenly. 

Wheels are made either of emery or of emery and corundum 

mixed, the mixture never containing more than one-half corun- 

dum, because the corundum is so hard that it will not split off 

when it becomes dull and the whole grain will not readily break 

loose as the bond, for safety, must be strong enough to hold it 

fast. That the face of an emery wheel wears away by splitting of 

the grains can be readily seen by comparing the size of the grains 

on the face of a wheel that has been used with the size of the 

grains on the side. The grains on the face will be of about half 

the size of those on the sides. 

Polishing wheels, or buffing wheels, as they are sometimes 

called, are made up of wood to any convenient diameter, usually 

from six to twenty inches, and covered with leather pegged on. 

Generally this leather is sole-leather, but sometimes it is walrus 

hide, when the wheel must be somewhat yielding or must be turned 

or grooved to some special form on the face. To “set up” the 

wheel, the leather is given a good coat of hot glue and then is 

-quickly rolled in a trough of emery, This imbeds the emery in
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the glue and when dry the wheel is carefully balanced. It is then 

ready to be mounted on an arbor and used for polishing. For a 

finishing polish, a wheel that has been used till it is dull is still 

more smoothed off by holding a piece of smooth quartz against 

it and then a greased rag is applied. The wheel will then give 

an oil polish to the work which makes it less likely to rust. Pol- 

ishing belts are leather or cotton belts of suitable width, coated 

on one side with glue and emery. They are stretched over two 

pulleys and run at a high velocity. They are used for polishing 

irregular forms and hollow corners and grooves which cannot 

be reached with a wheel. 

Where the abrasive is to be applied in this manner—by means 

of glue—there is no advantage gained by using corundum, as 

corundum costs twice as much as emery and the glue does not 

form a bond strong enough to hold it till it becomes dull. 

It should be remembered, in the use of emery and corundum, 

that hardness is not always proportioned to purity, and abrasive 

quality is not necessarily proportional to hardness. The abrasive 

should be suited to the work to be performed. However, per- 
haps the following general statement may be made: For hardened 
tools use a rather soft, free-cutting wheel with moderate pressure, 

while for softer steel and iron use a harder wheel. For tool grind- 
ing in machine shops hard corundum wheels are used with a 
shower of water falling on the tool to prevent drawing the tem- 
per. These wheels have almost entirely supplanted grindstones 
in machine shops, though some shops keep grindstones in addi- 
tion for finish grinding. 

Carborundum, which is being more and more generally used, 
is a silicide of carbon with the formula, Si C. It has been manu- 
factured but a few years and was patented in 1893. It is the in- 
vention of Mr. E. G. Acheson, who attempted to crystallize car- 
bon by dissolving it in melted silicate of aluminum and then al- 
lowing it to cool. Instead of getting crystallized carbon he got 

crystallized silicide of carbon, which is so hard that it may be used 

to polish diamonds. It is prepared by mixing 20 parts of crushed 
coke, 25 parts quartz sand and 5 parts of salt, and subjecting the 
mixture to the heat of an electric arc. The furnace is about six 
feet long, eighteen inches wide and twelve inches deep. The core 

of the charge is a layer of coarsely crushed coke twelve inches 
2-Wis. Ena,
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wide and one inch thick. Four carbon electrodes, each two inches 

in diameter, are used at each end to bring the current into the 

charge. The charge is placed around the coke core, and covered 

with fire brick. ‘The furnace produces about fifty lbs. of carborun- 

dum at each heat. It requires a current of about two hundred 

* amperes a good share of the time. The time required for a heat 

is seven and one-half to eight hours. When the furnace is taken 

down, three degrees of the charge are found. That next the core 

is crystallized carborundum, that next this layer is amorphous 

carborundum and is of no use, and on the outside is found the 

unchanged portion of the charge. Actual tests of hardness of 

carborundum compared to diamond have not been made or at 

any rate not publicly recorded; but when finely powdered it ap- 

parently works about as well as diamond dust for polishing gems. 

The coarser crystals are too brittle to be used for this work so 

that it is only for finishing that carborundum can be used in pol- 

ishing gems. It is, however, used extensively for grinding glass, in 

dental wheels for dentists’ use and wherever extreme hardness is 

desired. It is also used considerably for grinding brass valves. 

It is also made into wheels for machine-shop grinding, but whether 

or not these wheels are better than emery and corundum wheels 

is a disputed question. It is held by corundum wheel manufac- 

turers that if corundum is so hard that wheels are usually made 

with less than half of the abrasive of corundum, then it is uscless 

to make wheels of anything which is so much harder than corun- 

dum, unless a much stronger bond can be made than any now in 

use. But the objection to the use of all corundum in a wheel was 

the toughness of the crystals and emery was put in to split away 

and keep the wheel sharp. The brittleness of the coarser carbor- 

undum crystals may make the use of this material in grinding 

wheels quite practicable, but the results of tests made with carbor- 

undum wheels in machine shops seem contradictory; some shop- 

men favor carborundum wheels and others object to them very 

decidedly. Possibly as the material becomes better known its use 

in this line may increase by reason of different treatment in manu- 

facture and use. 

At present the comparatively high cost of carborundum limits 

its use but this objection will doubtless be removed by improve- 

ments in the methods of manufacture. If anything approaching 

ne
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| a continuous process of manufacture could be obtained the ma- 

| terial could be sold at comparatively very cheap rates. 

Bort or black diamond is a form of carbon found massive, that 

is, not crystalline and having no cleavage. It is very hard and 

tough. In color it varies from gray to black. When powdered 

it is used for polishing diamonds and other gems. It is set in a 

soft metal setting and used for trueing up emery wheels. As it 

is tough enough to withstand the shocks of the emery wheel with- 

out splitting, the corners in time become rounded off. Then to 

resharpen it is best to chip off a small fragment. 

There is a great difference in bort; the preference is usually for ~ 

the darker variety. Though this is not always a sure test it is 

often used and leads to the practice of blackening poorer and 

lighter grades. 

Crushed steel and steel emery are other new abrasives which are 

now coming into prominence. They are about the same thing, 

differing only in the degree of their fineness. The coarser grades 

are used for sawing stone and the finer grades for rubbing down 

and polishing stone and metal surfaces. 

For sawing stone it is usually mixed with mud and fed to the 

saw, which may be either a revolving metal disc or a strip of soft 

steel stretched tightly in a frame and moving backward and for- 

ward horizontally. Stone saws usually run in gangs of varying 

numbers, depending upon the size of the work and the machine. 

The crushed steel is manufactured by tempering, crushing and 

| hardening. It is in the shape of coarsely crystalline grains which 

| are able to resist great crushing force and retain their cutting qual- 

| ities for a long time. It is used over and over again in working 

stone. The sharp crystals charge into the saw and thus save 

much wear on the saw, and at the same time it insures their hav- 

ing to take the full force of the cut, and allows moderate pressure 

to be used on the saw. 

Crushed steel is made from a poor grade of steel, probably with 

tungsten cr something else besides carbon to harden it. 

Chilled iron shot have been used for sawing and grinding stone | 

to some extent. The name describes the abrasive. Different | 

sizes of shot are used together. It cuts the stone by crushing it | 

away. The balls have little more than point contact, owing to 

the practice of using different sizes together. Of course consider- 

|
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able pressure is required and this is a serious drawback for it is 

likely to make the saws buckle and run out. 

Crocus is an oxide of iron, usually calcined. It is much softer 

than emery or even than sand, and is used for polishing brass and 

other soft metals. It is sold in powder or in sticks and is applied 

toa rag wheel with oil or tallow or a similar substance to make it 

stick on. 

Rouge is a softer oxide of iron and is used in the same manner 

for polishing plated ware and the like. 

French chalk, powdered pumice-stone, lime and other soft 

powders are used for similar work, depending upon the metal and 

its softness. 

Water stones or razor hones are sometimes of a soft clay stone 

but the best ones are of white petrified wood. 

Oil stones are of a fine grade of quartz. Good oil stones, 

whether hard or soft, must be even. A stone with either hard or 

soft spots will soon wear uneven in use and must be trued up. 

This is best done by rubbing upon a grooved iron block with 

coarse sand and emery. It may also be done more slowly by rub- 

bing upon sand paper. Oil stone powder is used by jewelers for 

polishing steel. 

COMPARATIVE COMMERCIAL QUALITIES OF AL- 

TERNATING CURRENT MOTORS.* 

By W. H. WILLIAMS, B. S., ’96, AnD J. H. PERKINS, B. S., ’96. 

The possibilities of long distance transmission and the demands 

of large central stations for a day motor load have resulted in the 

development of the alternating current motor, of which the most 

successful types have been either two or three-phasers. So urgent 

have been the demands, that although these motors are scarcely 

yet beyond the experimental stage, thousands of horse-power have 

already been installed. Thus far little exact data has been pub- —. 

lished in regard to them,—what has been given out coming 

mainly from the manufacturers, who, as interested parties, cannot 

* Spirepele: of thesis submitted for the degree of Bachelor of Science in ‘Electrical 

Engineering.
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be expected to speak impartially of them. Since a 500 volt, di- 

rect current motor service can be installed in cities where the dis~ 

tances are not excessive, the station manager wishes to know in 

considering the possibilities of alternating current motor service, 

first, if they can be operated from lighting circuits, and second, 

how their performance compares with that of direct-current mo- 

tors. 

A careful and impartial series of tests, which shows the compara- 

tive performance of alternating current motors with cach other 

| and with standard direct-current motors would therefore be of 

| great value to station managers and other prospective purchasers 

of such apparatus. With this purpose in view we therefore ob- 
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Fig. L—Solt-regalating Prony brake. 

tained 5 H. P. alternating’ current motors of the following makes: 

Westinghouse Electric & Manfg. Co., two-phase. Stanley 

Electric Manufacturing Co., two-phase. Fort Wayne Electric 

Corporation, self-starting, synchronous. General Electric Com- 

pany, three-phase. Allgemeine Elektricititts-Gesellschaft, three- 

phase. Reliable data was also obtained of recent tests on an Oer- 

likon three-phaser, and a two-phaser made by C. E. L. Brown. 

A1oH. P. Westinghouse two-phaser was also tested. 

A 5H. P. motor is probably about the average size used in 

central station service; and the tests may therefore be accepted as 

representing, for central stations, comparative results between the
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average motors they are likely to use on alternating current sys- 

tems; and the results may also serve as a basis for comparison be- 

tween the performance of alternating and direct current motors. 

Prof. Silvanus ‘Thompson has stated as the requisites of a good 

motor: 

First: It shall exert a good torque at starting. 

Second: It shall be capable of running at a nearly constant 

speed at all loads. 
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Fic. IL.—Three-phase motor or monozyelic cireuit. 

Third: It shall have a high commercial efficiency. 

To these we would add three additional requisites which deter- 
* mine to fully as great an extent the commercial success of the 

motor: 

(a) The motor shall have a high power factor. 

(b) It shall not require an abnormally large current from the 

lines at the instant of starting.
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| Fic. IL. —Effect of variable secondary resistance. 

(c) It shall not cause a large unbalancing of the line pressures 

ofa polyphase circuit. 

These last three requisites are of vital importance if the motors 

are to be operated on commercial lighting circuits. . 

Our tests therefore included: 

(a) Starting torque and current. 

(b) Speed regulation. 

(c) Commercial efficiency at all loads.
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(d) Power factor at all loads. 
(c) Effect on the line pressures when starting. 
The measurements were made by the following methods: 
The power absorbed by the motor was measured by direct read- 

ing watt-meters, the two watt-meter method being usually em- 
ployed. Currents and apparent watts were obtained from the 
readings of ammeters and voltmeters in each circuit. 
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Fic. IV,—Effect of condensers, Stanley motors. 

Outputs were measured by a special form of self-adjusting 
prony brake, shown in the accompanying illustration, Fig. I. 
This brake is exceedingly sensitive and steady in operation and en- 
ables all corrections to be accurately measured. It proved entirely 
satisfactory, and is by far the most accurate form of brake for this 
class of work. 

Disturbances of the circuits upon starting the motors were de- 
termined by observing the effect upon incandescent lamps oper- 
ated from independent transformers, and by voltmeter readings 
of the pressures on the lines.
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Fic. V.—A three-phase motor. 

The statie torque of the motor was found by clamping the 
‘brake up tight and then balancing the pull of the motor. The 
true starting torque was obtained by diminishing the load by 
successive units until one was found under which the motor would 
start from rest and pull up to full speed. Starting torque, we 
found, can be made approximately equal to static torque by using 

a properly adjusted and subdivided starting resistance. ~ 

The accuracy of all instruments used was checked by the labor- 

atory standards.
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| Fic. VI.—A two-plise motor. 

The Stanley motor was tested on a Stanley generator circuit, 

and the Westinghouse motors were run by a Westinghouse 

generator. Two of the three-phasers were tested on the mono- 

cyclic circuit, the two transformers being connected so as to give 

an unbalanced three-phase circuit. The other three-phaser was 

tested on a balanced circuit. | 

Since most of the circuits used were usually slightly out of 

balance We have used total current (sum of the line currents) in 

our curves, instead of current in each phase. 

The unbalanced three-phase circuit obtained from a monocyclic
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Fic, VIL—A two-phase motor. 

generator may cause a peculiar current distribution in an induction 

motor, which is illustrated in Fig. II. At light loads the lag of 

current in one circuit of a star wound motor was over 90°,—that 

is, it acted as a generator. 

The relation between starting torque and current is well il- 

| lustrated in Fig. IIT. (What is here called starting torque is in _ 

reality static torque.) As will be seen, the use of starting resist- 
ance gives a wide range of torque, capable of meeting all service 

conditions; but very large starting torque requires abnormal cur- 

rents. Kapp has also shown that decreasing the self-induction 

increases the torque. We also found that subdividing the start- |
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ing resistance made the true starting torque practically equal to s 
the static torque, since this allows the motor to attain its normal | 
speed by successive steps, and the gradual cutting out of resist- 

ance does not lessen the torque sufficiently to cause the motor 

to slow down. It is evident therefore that with a motor havingi 

sinall self-induction, and a well adjusted and subdivided starting 

resistance, large starting torque may be obtained without an ex- 

cessive flow of current. A glance at the table will show that 

most of the machines tested were not the equals of standard di- 

rect-current motors in starting torque; but as indicated above this 

defect is easily remedied. 
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Fic, VILL.—Efficieney curves, alternating current motors. 

In regulation and efficiency alternating-current motors are 
fully equal to the best direct-current motors as will be seen by a 
comparison of the two sets of efficiency curves. 

The matter of power factor is of great moment to central sta- 
tions; since a low power factor means a larger investment in ap- 
paratus, on account of the increased capacity required, hence 
larger interest charges, and larger line and transformer losses. 
We found all the American motors, with a single exception, in- 
ferior to the foreign ones in power factor. It is our opinion, hovw- 
ever, that the two three-phasers tested on the monocyclic circuit 
would have a higher power factor if run on a balanced system, 

a ee
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| The evidence on this point is not conclusive, and the matter will 
: be investigated further. Until power factors of alternating-cur- 
| rent motors are improved’ central stations may well hesitate about 

using such motors except for long distance service. 

Of the six motors tested by us, only two could be started under 

load without seriously affecting the lights of the system. Both 

of these motors are of American make and could be thrown on 

or off with the armatures blocked without visibly affecting the 
lights. Voltmeter measurements showed practically no unbal- 
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» Fie. IX.—Efficiency curves, direct current motors, 

ancing of the line pressures. None of the others could be used 
on commercial lighting circuits where good regulation and the 
satisfaction of the customers are considered of importance. (It 
should be noted here that the generators used in these tests were 
af 75 to 300 K. W. capacity). As evidence of what proper de- 
sign of motors may accomplish in this respect, the performances 
of (1) and (5) may be considered. Both were tested on a mono- 
cyclic generator of 300 K. W. capacity, running on about one- 
third load. When started under load a very perceptible winking 
of all the station lights was caused by (1), while the effect pro- 
duced by (5) was barely measurable by a sensitive voltmeter, 

We noticed also that the line pressures were most seriously
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affected by the induction motors where the generator had a very 
peaked, irregular electro-motive force curve; and least affected 
where the curve was practically of the sine form. Our experi- 
ments upon this point, however, were not sufficiently extended 

. to make our results conclusive, but we believe they are in har- 
mony with recent theoretical conclusions. An irregular curve 
ofe.m. f. gives rise to harmonics which distort the motor field, 
thus rendering the motor more of a disturbing element on the 
line, and also increasing the losses. In two-phase circuits, for in- 
stance, the third harmonic, which is the strongest, sets up a ro- 

tary field in opposition to the main one, thus also reducing the 

torque. With a sine curve, all these irregularities and extra losses 
are eliminated; consequently a generator having a sine curve of 

* -e.m. f. should give the most satisfactory service where induc- 
tion motors are used. 

Another fact emphasized by our tests is that central station gen- 
erators from which induction motors and lights are to be operated 
should have the smallest possible armature reactions; otherwise 
when the generator load is light the starting of a motor is sure . 
to affect the lights disastrously. 

The reduction of the wattless current and the consequent im- 

provement of the power factor by means of condensers in paral- 
lel with each phase of the primary is clearly shown in Fig. IV. 

For purposes of comparison, the efficiency curves of several 
of the latest type direct currrent motors are also here given. 

We believe the following conclusions are justified: 
First: Induction motors give as good regulation and efficiency 

as direct-current motors. 

Second: They can be made to have, and some of them do have, 

.as good starting’ torque as direct-current motors. 

Third: Their starting torque may be made as high as neces- 

sary to suit service conditions without using an excessive current 

at starting; and only such motors as are guaranteed to do this 

should be used on commercial lighting circuits. 

Fourth: ‘Only generators having small armature reactions, 

and approximately sine curves of e. m. f. should be used to 

operate both lights and induction motors for commercial sery- 

ice. 

Fifth: Such motors and generators are now furnished by at
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least two American manufacturers, and therefore it is uow possi- 

ble for central stations to furnish both light and power from the 

same generators with economy to themselves and satisfaction to 

their customers. 

Sixth: For power distribution the polyphase motor is the 

ideal motor on account of its simplicity of construction, mechani- 

cal stability, sparkless running, and constancy of speed in addi- 

tion to other desirable qualities already mentioned. | 

INTERNAL COMBUSTION ENGINES.* 

| By C. W. HART, B.S, ’96, anp C. H. PARR, B. 5., ’96. 

! 

| L. 
The first man to propose the use of explosion to obtain power 

was the Abbe Hautefeuille, the son of a baker at Orleans. To 

him belongs the honor of designing the first motor in which heat | 

was used for the generation of power. 

In 1678, he planned to explode powder in a vessel in communi- 

cation with water and utilize the vacuum thus produced to lift the 

water. Other powder machines were designed and built, but 

during the next 100 years the attention of engineers was turned to 

steam and the first to design and construct an actual gas engine 

was John Barber, who took out a patent for one in 1791. His 

engine consisted of a pump which forced gas with air into a re- 

ceptacle where it was ignited and from which, combined with 

| steam, it issued through a nozzle against the blades of a paddle- 

wheel. 

A great improvement in the practical application of gas engines 

was made by Phillippe Lebon, a French engin@er who obtained 

a patent in 1799 on the production of gas from coal, and a second 

in 1801 in which he proposed to utilize this gas to drive a piston 

| in an engine very similar to that designed by Lenoir sixty years 

| later. The inflammable gas and a sufficient quantity of air to 

| make it ignite were introduced separately into the cylinder on 

both sides of the piston, and the inventor proposed to fire the 

mixture by an electric spark. The machine was double acting, 

“A thesis submitted for the degree of B. S. in mechanical engineering; received 

pecial honors.
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| and the explosions of gas took place alternately on cach side of | the piston. The piston rod worked not only the motor shaft but 
through it the two pumps in which the gas and air were com- | pressed before they entered the motor cylinder. Lebon also sug- ) gested that the machine generating the electric spark should be . driven from the motor shaft. The excellent theoretical principles 
on which this machine was designed were striking at that early 
period, and marked a new era in gas engines; but more than sixty 
years elapsed before the great advantages Lebon had so clearly 
understood, of compressing the gas and air before ignition, were 
fully realized. 

The next engine of note was that of Barnett, patents for which 
were taken out in 1838. ‘The first had one working cylinder, sin- 
gle acting. Gas and air were drawn in and compressed by two 
pumps, and passed into a receiver below the motor cylinder where 
they were mixed. During the down stroke of the pumps, while 
the charge was being compressed into the receiver at a pressure 
of about 25 Ibs. per square inch, the return stroke of the motor 
piston was discharging the burnt gases through the exhaust. All 
three pistons moved simultaneously up and down. As the motor * 
piston reached the bottom of its stroke, a valve at the side opened 
communication with the receiver. At the same time a revolving 
ignition cock immediately above the exhaust fired the charge is- 
suing from the receiver, and, as the crank passed the dead point, 
the burning gases entered the motor cylinder through the admis- 
sion port and impelled the piston upward. Barnett may justly 
claim the honor of having been the first to introduce compression 
of the gas and air in a practical shape as now used in gas engines, 

Up to 1860, the designs for engines were numerous and many 
were built. Certain conditions came to be recognized. The heat 
generated was so great that it had to be carried off as quickly as 
possible, and even with water jackets on the cylinder, parts of the 
engine somtimes became red hot. It was also impossible, in a 
double acting engine, to compress the gas and air before ignition, 
and expansion of the gases was also greatly limited. It was some 
time before inventors came to know that the discharge of the 
products of combustion at high temperatures was a great loss of 
energy. : 

Barsanti and Matteucci, in England, sought to overcome this 
3-Wis. ENc. 

|
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difficulty by their vacuum engine. A long cylinder was provided 

in which was a piston free to move out, but which clutched the 

shaft by means of a ratchet and gear on its return. During the 

early part of the out stroke the mixture was drawn in. At a cer- 

tain point it was fired by an electric spark and the piston pushed I y fT P Pp 

rapidly out until the atmosphere without and the vacuum within 

stopped it. The vacuum was further increased by the cooling of PI
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the gases and the piston, in consequence of this and of its own 

weight, was drawn forcefully in, doing work on the shaft. While 
this motor was not a success owing to its mechanical construction, 
its cycle was good as it utilized to the fullest extent the expansion 
of the gases. . 

We have now gone over in brief the purely experimental period 
of the gas engine and come now to the period of application, which 
began about 1860. Great as was the perfection to which steam 

engines had been brought, it was felt that they did not and could 
not supply all the various requirements for an economical motor. 

The necessity for some other kind of engine had already been 

pointed out by Chevarton in 1826. In a letter to the Mechanic’s 

Magazine, he says: “It has long been a desideratum in practical 
mechanics to possess a power engine which shall be ready for use 
atany time, capable of being put in motion without any extra con- 
sumption of means, and without a loss of time in its preparation. 
These qualities would make it applicable in cases where but a small 
power is wanted, and that only occasionally required. They are 
so numerous, and the consequent saving of human strength would 

be so great, that the advantages accruing to society would be im- 
mense, even if the current expense were much greater than that 

| of steam.” No words could better describe the present advantages 

| of the gas engine. 

| In 1860, much had been achieved by mechanical ingenuity in 

the construction of the gas engine. All the parts had been de- 

signed and the details thought out. Scarcely a single improve- 

ment has been suggested in modern engines, which may not be 

found in the drawings of Lebon, Barber, Street, Barnett, and 

others. In the words of Professor Witz: “The gas motor had 

been invented; the problem was how to make it a working suc- 

cess.” It is here that we enter on the second period of applica- 

tion. 

| The first practical working engine was that of Lenoir. It re- 
| sembled in construction a double acting horizontal steam engine, 

and the gas was fired electrically. Gas and air were admitted at 

both ends, drawn in by the piston during the first part of the stroke, 

and then fired and expanded. Admission of the charge was cut 

off either at half stroke or a little later. The cylinder, both covers, 

and the chamber into which the gas was admitted were water-
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jacketed, and the circulating water was used over and over again. 

Hugon, in 1862, introduced the flame ignition and forced a jet 8 $1 J 
of water into the cylinder in order to keep it cool, lubricate it, and 

increase the efficiency. The injection of water has since been 

proven to be of no advantage. 

, At this time very little scientific work had been done on the 

gas engine. Those experimenting with the motors recognized the 

, great waste of energy without being able to better their work. 

They could not tell why one engine worked better than another. 

Any one who has experimented with the gas engine is able to ap-
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preciate their position. About this time (1862) a remarkable pat- 

ent appeared in France by Beau de Rochas. He pointed out that 

the reasons for the extravagant working of these engines were in- 

complete expansion, lack of compression, and loss of heat through 

the walls. He laid down as conditions essential to good efficiency: 

I. The largest cylindrical volume with the smallest circumfer- 

ential surface. 

II. Maximum speed of the piston. 

III. Greatest possible expansion. 

IV. Highest pressure at the beginning of expansion. 

These rules have not been improved upon even to this day; and 

the intelligent inventor has, since these conclusions were brought 

out, worked to produce mechanism which would best fulfill these 

essential conditions. Large cylinders were used instead of mul- 

tiple cylinders as the cylindrical volume increases as the cube of 

linear dimensions, while the surface of walls increases as the square. 

The wall surface exposed being smaller, less heat passes through 

it. As the absorption of heat by the walls is a function of the 

time, a higher piston speed is desirable. In order to avoid great 

waste through the exhaust the expansion should be utilized to the 

fullest extent. In order to obtain a good range of expansion, and 

for the best combustion, a high pressure at the beginning of ex- 

pansion is desirable. This cannot be obtained without previously 

ccmpressing the charge. Beau de Rochas not only put forth the 

conditions but proposed a cycle of operations for realizing their ~ 

accomplishment. He proposed a single cylinder in which was. 

to be carried out in four consecutive strokes: 

1. Drawing in the charge of gas and air. 

2. Compression of the same. 

3. Ignition at dead point, with explosion and expansion. 

4. Discharge of the products of combustion from cylinder. 

This is the cycle upon which the best modern gas and oil en- 

gines are founded. 

In 1866, Otto and Langen brought out an engine somewhat 

along the lines of Barsanti and Matteucci. In an earlier patent 

they say: “Experience has shown that the interval of time be- 

tween the heating and consequent expanding of the gases, ant 

the subsequent cooling with consequent contraction, is but a very 

short one, and therefore, in applying the expansive force of such
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heated gases as motive power, unless they are allowed to expand 

very rapidly—immediately after combustion has taken place—a 

great portion of the heat which should have produced such ex- 

pansion will be absorbed by the cylinder walls of the engine, and 

consequently, a great part of the motive power will be lost.” 

The principle of their engine was to obtain the most rapid and 

complete expansion possible. In theory their premises were true 

and their engine realized an economy, 26 cu. ft. of gas per H. P. 

ask: 
aa a 
a - 

Kat ag ; 
( | 

ee cee is) 

i he ca ¥ poke | 
vg Yh a 

; eee oN pede etx. 
oe ee, | cee 
Se ae ie g Poti? los 7s | | hee Pe 

AA: bili 
os Pog ae ai. 

1 ae ee 

2| mio Pex 
ie NEA | 

ec ee i 
te te... 

a 

Gasoline Engine attached to ordinary windmill pump. 

hour, in excess of any engine up to that time, and which com- 

pares favorably with engines of the present day. About 5,000 of 

these motors were built. They were not a mechanical success, 

but they approached more nearly to being such than did the mo- 

tors of Barsanti and Matteucci where the principle employed was 

the same. 

In 1872, Brayton introduced at Philadelphia a motor which 

promised well. He was the first to employ ordinary heavy oil 

and kerosene. His engine employed the principle of combustion 

at constant pressure instead of at constant volume. ‘The charge
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of gas and air was ignited before its admission into the cylinder, 

entered in a state of flame, and drove the piston forward without 

any rise in pressure. A steady combustion was maintained dur- 

ing one-third of the forward stroke, and then expansion took 

place. The return stroke expelled the products of combustion. 

A gauze diaphragm prevented the flame from igniting the sup- 

plied gas too soon. Two pumps supplied the oil and air at the 

pressure of explosion. The system of breaking up the petroleum 

| by a blast of air forced into it, rendered possible the use of heavy 

oil. Brayton was therefore the inventor of the first safe and prac- 

tical oil engine. 

Until 1876, no engine had been constructed which carried out 

completely the cycle outlined by Beau de Rochas. During this 

year Otto brought out a motor working according to this cycle 

and with it obtained results of economy never before realized. 

The exact reasons for increased economy were not known to the 

imaker of this engine. He attributed the good results to a strati- 

fication of the charge. 

This engine was single acting. A clearance space equal to 

about 4o per cent. of the stroke was left in the cylinder into which 

the piston never entered. The out stroke of the piston sucked 

in the charge; the return stroke compressed it; ignition took place 

at the dead point; expansion existed during the entire out stroke; 

and the next back stroke drove out the exhaust, leaving, of course, 

the clearance space full at atmospheric pressure. His distribut- 

ing valve was so arranged that pure air was admitted first, then a 

weak dilution of gas, and finally pure gas, into which the ignition 

flame passed. He thought thus to propagate the combustion by 

degrees and obtain a cushioning from shocks. He supposed that 

next to the piston existed a charge of the exhaust; then a weak 

layer of gas and air, and further back in the admission port a rich 

charge easy to ignite, and attributed his success to this arrange- 

ment. His conclusions were faulty, however, as experiments have 

been instituted which showed no such arrangement. A glass 

cylinder containing a piston was provided with an admission port 

at the same point as in the Otto cylinder, and smoke was drawn in 

during the out stroke of the piston It was found that at the be- 

ginning of the stroke the smoke entered in a stream which contin-
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ued to the piston where it was reflected back and mixed com- 
pletely with all the contents of the cylinder. 

Otto’s success was due, however, to the introduction of com- 
pression, and, as recommended by Beau de Rochas, carrying out 
the entire cycle in one cylinder. His success was also no doubt 
due largely to his good mechanical design and construction. 

Few engines more ingeniously constructed than the Otto have 
yet appeared, and even now, when so many later motors have been 
brought out, it is still one of the most economical. The German 
firm had, up to 1892, constructed 35,000 engines, while many other 
firms in Europe and America have been putting them on the mar- 
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Otto Gasoline Engine. 

ket in large numbers. Many changes in detail have been made. 
Hot tube and electric ignition have been introduced and in most 
modern engines, including the Otto, makers have discontinued the 
use of the slide valve, and use in its place lift valves. In general,. 
the proportions of the cylinder have not been changed; the ratio 
of stroke to diameter being 2:1. 

It is now generally recognized that the cycle of Beau de Rochas 
should be carried out to obtain a good engine, but the mechanism 

which is to do it is a subject for much study. The Otto engine is 
open to the objection that it gives only one impulse for four 
strokes of the piston. This causes some irregularity of motion 
and necessitates a heavy and cumbrous construction. In order
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to remedy these defects, Clerk brought out in 1880 an engine giv- 

ing an impulse for every two strokes. Of the four operations of 
the cycle, Clerk proposed to transfer the first to an auxillary cylin- 
der called the displacer. The gas and air were drawn into the 
displacer and slightly compressed. The action of the engine was 
as follows: The charge being compressed in the cylinder and 
the engine at the dead point, it was fired. Expansion took place 
during most of the out stroke when the piston uncovered holes in 
the cylinder through which the products of combustion passed. 
Soon after the uncovering of these holes, and before the expan- 
sion stroke had ended, communication with the displacer was 

opened and the charge of gas and air, already slightly compressed 

in the displacer, rushed in and cleaned the remaining burned gases 

out through the exhaust ports. As soon as the piston returned 

sufficiently to cover the exhaust holes, compression began and 

continued during the back stroke, and at the end of chis ignition 

was effected. Of course some mixture of the incoming charge 

and the burned products took place, and Clerk endeavored to over- 

come this by the shape of the cylinder. He made the clearance 

space conical in form and introduced the charge at the small end, 

hoping to push the contents of the cylinder before the incoming 

charge without much mixture. Great care was used in determin- 

ing the volume of the displacer so that as little as possible of the 

new charge would pass out of the exhaust, and so that the great- 

est part of the burned gases might pass out. This engine, it is 
| said, worked with some economy, the consumption of gas of a 

rich quality being a little over 20 cu. ft. per I. H. P. hour in a 

12H. P. engine. It was not, however, a perfect success and its 

manufacture was’ discontinued. 

Some experimenters thought that the burned gases remaining 

in the cylinder to be mixed with the new mixture caused a loss of 

economy, and engines with six strokes in the cycle were buiit. 

The best example is the Griffin. Its cycle was, 1st. admission of 
| charge; 2nd. compression; 3rd. explosion and expansion; 4th. ex- 

pelling the products of combustion; 5th. drawing in air; 6th. 

expulsion of charge of air. The defects of this cycle are: the 

| want of regularity in the speed, and the loss of power due to the 

| small number of ignitions, there being only one motor stroke in 

| six. This fault was in part overcome in the Griffin by using both 

|
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sides of the piston. No greater economy was secured by the scav- 

enger charge of air as what was gained by the increased purity 

of the charge was lost in the increased friction of moving the en- 

gine through another revolution per explosion. It was also found 

that the cooling influence of the piston rod lowered the pressure 

on that side of the piston by taking away heat. 

Another engine which is wortky of note is that of Atkinson. 

By an ingenious toggle connection between the piston and the 

crank he succeeded in securing four strokes of the piston to one 

revolution of the crank, and in varying the length of stroke so as 

to obtain undoubtedly the most perfect cycle ever invented for a 

gas engine. The cycle was a short out stroke of the piston, from 

a 
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A Ruger 5 H. P. Gasoline Engine. 

a very small clearance space, which sucked in the charge; then a 

still shorter back stroke of compression, at the end of which the 

charge was ignited and expanded through a long out stroke of the 

piston, securing the full benefit of the expansive force; the return 

stroke brought the piston back nearly to the head, completely ex- 

pelling the burned products. This engine on trial gave a small 

consumption of gas, yet it was not a successful engine as it was 

large for the power developed. The speed was low as the parts 

could not be balanced for high speed. 

Another engine whose simplicity is noticeable is that invented 

by Day of England, and which goes by the name of the Sintz type 

in America. Its cycle of operation is accomplished in the same 

order as the Clerk, but instead of a displacer cylinder the crank 

end of the cylinder is surrounded by an air tight case in which the
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crank revolves. The only valve on the engine is an automatic 

lift valve operated by the suction of the mixture into the crank 

case. The operations are performed as follows: The piston be- | 

ing at the top of the stroke with a compressed charge above it, 

ignition takes place and expansion forces the piston down doing 

work on the crank and compressing slightly the charge in the 

crank case. Near the end of the stroke the piston uncovers a port 

in one side of the cylinder and exhaust takes place. Still nearer 

the end of the stroke a port in the other side of the cylinder, which 

leads to the base, is uncovered and the mixture there slightly com- 

pressed rushes in, driving before it the exhaust. Soon after the 

piston returns covering the ports, compressing the charge above 

it, and sucking in a new charge below, completing the cycle at the 

-dead point. 

We now have before us in the preceding pages the most import- 

ant work which has been done in developing the internal combus- 

tion engine. After perusing all the publications on the subject 

which we could secure, we selected the motors which we have for 

description because each was the chief representative of its class. 

The designs which have been gotten out and which have been 

tried number into the thousands. 

(To be continued.) 

ELECTRIC MOTORS IN FACTORIES. 

By C. M. CONRADSON, ’83; M. E., 785. 

In machine shops and factories electric motor driving has in 

many cases displaced belt and shaft transmissions, sometimes with 

very favorable results and many times with doubtful economy. In 

many instances the receipt for making an electrical transmission 

is as follows: “Leave as much of the line shafting, belting and 

gearing as possible. Belt a large motor to the line shaft, being 

careful to set it on the floor where it will be as much in the way as 

possible. Turn on the current and trust to luck.” Contrary to 

common opinion it is very easy to make an electrical transmission 

very uneconomical The writer is a believer in direct connected 

‘motors wherever possible even on the smallest tools and ma-
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chines. In existing plants of course it is frequently impossible 

to direct connect but it should be done in every new plant. 

Many engineers have other views, however. Quoting from 

“The Iron Age” of May 28: 

First: “When the tool requires only a fraction of a horse 

power forits operation, itis not the best practice to drive it by means 

of a motor, the first cost of which would, perhaps, more than coun- 

terbalance the benefits arising from its use. To put this more 

broadly, the tools found in the usual shops, and which vary largely 

in the power they need, cannot all be driven economically by indi- 

vidual motors, or single units, for each machine.” 

There may be some truth in the above statement at the present 

time due to the fact that suitable mechanisms have not yet been 

developed for connecting the motor to the tool in an economical 

and efficient manner. This difficulty will rapidly disappear, how- 

ever, as soon as machine shop proprietors (naturally the most 

conservative of men) appreciate the enormous advantages to be 

gained by direct electric driving of each tool, and competent en- 

gineers take hold of the problem of designing such connections. 

There is an enormous amount of new work to be done by machine 

tool designers, however, before it will be possible to apply motors 

directly in a thoroughly satisfactory manner. 

Many of the combined motors and machine tools that have been 

brought out so far are very crude. Quoting from a letter received 

from a distinguished mechanical engineer (“They look as if the de- 

signers have just come out of the backwoods and ought to return 

there.”) Some of the most pretentious attempts at combining 

electric motors and machine tools show the worst engineering. 

The machine tool to be driven must be harmonized with the driv- 

ing motor. The method of connection must be simple, effective, 

durable, efficient and cheap. The requirements of each kind ofma- 

| chine tool must be specially studied and the necessary modifica- 

tions made both in the machine tool and motor. The arrange- 

ment required for an engine lathe will not answer for a planing 

machine or an automatic screw machine. As soon as it is possible 

to secure motor driven tools properly designed for the work they 

have to do there is not the slightest doubt that they will displace 

shaft and belt driven tools. This is equally true both in the instal-
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lation of new plants and in adding new tools in an old plant because 

the motor driven tool can be set anywhere without being forced to 

fit itself to existing lines of shafting. It is a fact well known to . 

every works manager that it is impossible to arrange belt-driven 

tools in such a manner as to cover a given floor space to the best 

advantage. Frequently a line shaft becomes so filled up with 

pulleys that it is impossible to find room for the necessary driving 

pulleys for the new machine, while at the same time there may Fe 

ample vacant floor space. It then becomes necessary to put up 

another short line shaft or else locate the machine in some other 

(perhaps much less desirable) point where it is possible to belt to 

countershaft. It is generally forgotten in comparing belt driving 

with motor driving that the machine tool must be charged with its 

share of the cost of the building in which it is located, as well as 

its share of the cost of the entire transmission plant. In the first 

case the total amount of space utilized for machine tools must be 

charged pro rata to the various tools, including all waste space; as 

for instance that directly under the line shaft, which is generally 

unavailable. The cost of the transmission plant should be pro 

| rated proportionally among the various tools according to the 

| amount of power required by each. To obtain the running ex- 

pense, interest, and all expense for the power plant, depreciation, 

taxes, insurance, repairs, etc., must be charged proportionally to 

| each tool. Whenthe total first cost ofinstallingatoolisfigured out on 

this basis it will be seen that the first cost of the tool itself is not 

the only item to consider in installing the tool. There may be 

considerable space wasted directly due to the fact that the tool is 

belt driven and that its location is therefore fixed by other consid- 

erations than those of economy of manufacture. It is safe to say 

that motor driven tools will not occupy more than sixty per cent. 

of the floor space of corresponding belt driven tools; hence a large 

saving in the cost of the shop chargeable directly to the tool. This 

| percentage will vary with different shops, but the above figure has 

| been obtained by actually comparing an existing modern shop 

| with a proposed plant of the same tools motor driven and arranged 

in better shape tor economical work. Inthe motor and line shaft 

driven shop there is no advantage obtained over the ordinary belt 

-and line-shatting transmission. In the motor driven shop there
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will be no main belting, jack shaft, main and secondary line shafts, 

pulleys, hangers, etc., the net cost of which will be saved and which 

can be applied for the purchase of motors and the necessary elec- 

trical equipment. Furthermore in a new plant a large saving can 

be made in the cost of the shop itself due to the fact that the fram- 

ing can be made much lighter, as there are no line shafts or coun- 

tershafts to support and the sole function of the framing will be to:
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support the roof. In a line shaft driven shop the friction load it 

the shaft transmission is practically constant and it is not di- 

minished materially even if all of the tools are stopped. In the 

motor driven shop under like conditions there is no power being 

used chargeable to the transmission excepting enough to overcome 

the friction in the generator. [nan all electric transmission the 

efficiency from the engine shaft to the machine tool will not be less 

than seventy per cent. (at fair loads with scarcely any loss when 

the driven machinery is shut down.) The best that can be done 

with line shafts driven by electric motors gives an efficiency of 

from 20 per cent. to 30 per cent. less, depending upon the con- . 

dition of the shafting and amount of Joad. 

The writer has just completed a power test of about two hun- 

dred machines in a large factory to determine if electrical motor 

driving can be profitably substituted for the present belt, shafting 

and gearing transmission. A test of a new electrical transmission 

recently installed in another factory owned by the same firm has 

also been made to determine the efficiency actually obtained and to 

secure such further data as might be available in making the new 

installation. The curves shown on Fig. I. represents the 

actual electrical efficiency of the present plant and the expected 

electrical efficiency of the best possible plant that can be installed 

to do the work. 
Fig II. shows the efficiency of the belt transmission of 

the old plant and also shows the electrical efficiency expected from 

an electrical transmission where as many as possible of the motors 

are direct connected. In this case the old engines will be retained, 

which reduces the efficiency somewhat. To operate the 249 

machines a total of 124 motors is recommended. About 80 of the 

machines will be direct connected. It will be readily seen that the 

electrical transmission as at present running does not show any 

economy over belt transmission. It is about 17 per cent. less than 

would be obtained by a rope transmission accomplishing the same 

purpose, i. e., driving a line shaft 150 feet longatadistance from the 

engine room. The specific reasons for the poor economy shown 

by the electrical transmission are as follows: 

1st. The generator is driven by a countershaft belted to the 

engine by a nearly vertical belt.
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2nd. The belt from the countershaft of the generator is also 
nearly vertical. 

3rd. The motor installed for driving the line shaft is so large 
that itis only loaded from 30 to 35 per cent. of its rated capacity. 

4th. The motor is belted to a line shaft, causing considerable 
friction. 

5th. The line shaft is out of alignment. 

ee
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6th. The belt transmissions from the line shaft and counter- 
shaft to driven machines causes further unnecessary loss, 

Leaving efficiency out of consideration, motors should be direct 
connected because it was shown in the test referred to above that 
on the average but 55 per cent. of the machinery was in operation 
at one time and this at a time when every foreman was specially : 
instructed to put on as much load as possible. There is every 
reason to believe that under average running but 30 to 4o per cent. 
of the machinery will be in operation at any one time. 

In the factory operated by line shafts and large motors the 
motors will necessarily be running all the time unless the entire 
department is shut down, consequently large losses will result if 
there is a breakdown in the motor. Ina factory of the kind tested 
operated by direct driven machinery the motors will last much 

| longer as they will be in actual operation but one third to one half 
of the time. A breakdown in a single motor will cause no more 
delay than is caused by the failure of a belt lacing. 

Quoting further from the Iron Age: “Grouping these tools 
and operating them from a short length of counter shafting, 
possesses decided advantages. In this method the aggregate 
power required is less than would be the case of individual 
motors and the first cost of the plant is greatly reduced.” All 
other conditions being equal there is but one reason for greater 
aggregate power being required in the case of individually driven 
tools than in the case of shaft driven tools, and that reason arises 
from the fact that very small motors cannot be made so efficient 
as the larger sizes. As a matter of fact, however, the loss from 
this source will be comparatively slight, especially when the large 
net saving of power that arises from individually driven tools is 
taken into account. From the very fact that it rarely happens 
that the power required is the sum total of the maximum re- 
quired for cach tool, arises the chief economical advantage of the 
individually driven tool as compared with the shaft driven tool 
with the direct electric motor drive. Absolutely no power 
is being used except when the tool is doing useful work. 
It seems that this writer has confused the maximum power 
required by an individual tool with the total aggregate power re- 
quired to drive a complete plant. It is true the cost of the elec- 
tric motors for an individually driven plant will be much more 

: 4—Wis. Exe. 

|
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than the cost of motors for driving by short lengths of shafting. 

It is not true that the aggregate power required to drive a whole 

plant will be greater. On the contrary, there is every reason to 

suppose that it will be much less. It is almost impossible to give 

accurate figures in this branch of engineering, as very few reliable . 

tests have been made of the power required for operating tools. 

Some of the tests that are on record are peculiarly amusing. An 

electrical engineer of high standing naively states that a “small 

} lathe operating on a light cut,” requires at 110 volts, 1.14 am- 

peres, equivalent to 1.68 HP. The volts, amperes and HP. re-
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‘quired are accurate to the second decimal place. Such compara- 
tively unimportant details as the size of the lathe, the diameter 
of the work being operated on, the kind of metal, cutting speed, 
rate of feed, kind of cutting tool, etc., are passed by. The reason 
why motors are being put in to operate short lengths of shafting 
at the present time is because the manufacturers of machine tools 
and electrical motors are in this particular very much behind the 
times. The writer does not pretend to have any prophetic instinct 
but will venture the assertion that all ordinary machine shop tools 
will be electrically driven in less than five years. There are other 
considerations besides economy of operation, which will be ap- 
parent from an inspection of the machine shop interior shown. ! 
This photograph is from probably the best arranged manufac- ‘ 
turing plant in the world and certainly shows some of the dis- 
advantages of belt driven machines without much argument. 

The following conclusions seem to be true: 
ist. The most efficient means of transmitting power to ma- 

; chine tools is by means of electric motors directly connected to 
each tool. 

2d. The cost of the necessary electric motors for such a trans- 
mission is considerably more than if the line shaft method is used 
but the total cost of plant need not and probably will not be as 
large. 

3d. The efficiency of the direct connected plant will be at least 
10 per cent. higher than of the line shaft driven plant. 

4th. The cost of maintenance of the transmission plant as a 
whole will be about the same in each case. 

5th. Motor driven machine tools can be arranged in any way 
. desired and frequently with considerable economy in floor space 

over belt driven tools. 

6th. There is no loss of power and no wear and tear of loose . 
pulleys and shafting when the machinery is not employed. 

7th. A motor driven shop would be much cleaner, as there 
would be no overhead countershafts and belts to throw oil. 

8th. The light in the motor driven shop will not be obstructed 
by vertical belts. 

gth. The cost of a machine shop building for motor driven 
tools will be materially less than necessary for the line shaft driven . 
shop. 

|
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toth. There is nothing to obstruct the free movement of either 

jib or traveling cranes in the motor driven shop. 

11th. Properly designed motor driven tools will be much more 

efficient than ordinary belt driven tools. 

12th. The direct motor driven plant will be more durable; 

: break-downs will not be so likely to occur and will cause less loss 

when they do occur; furthermore repairs can be easily effected 

without shutting down. 

A COMPARATIVE TEST OF STEAM INJECTORS.* 

By G. H. TRAUTMANN, B. S., ’96. 

This test was made in the Engineering Laboratory of the Uni- 

versity of Wisconsin and extended over a period of several 

months. The object of the work was to test each of the eight in- 

jectors according to a definite system so that they could be com- 

pared exactly in every detail carried out. The plan of the appa- 

ratus used explains itself. (See page 52.) 

The steam is supplied from the boiler-house, passes through a 

separator before entering the injector and is regulated by means. 

of a throttle-valve (g). The feed water is drawn from one of the 

tanks and is conveyed to the injector by means of the suction pipe 

(c) into which is placed a valve (e) which regulates the lift. The 

suction is measured by the vacuum gauge (h). The water, after 

passing through the injector is conveyed to the other tank by 

means of the delivery pipe (b) into which is placed a valve (f) for 

regulating the delivery pressure. This pressure is registered by 

the pressure gauge (i). The steam gauges (j) and (k) register the 

pressures at injector. Temperatures of water, steam, and the: 

room are taken by means of accurate thermometers, and the 

weight of water is measured by means of water gauges (m) at- 

tached to the tanks. 

In making out the log of the injector test the following read- 

ings were observed: 

Duration of run; pressure at injector; delivery pressure; suc- 

Tw Abstract of a, thesis’ lor-the degree of B. S., in mechanical engineering. Re- 

ceived special honors.
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tion in inches of Hg. from which is obtained the lift in feet; de- 

livery in feet, calculated from the delivery pressure and lift; tem- 

peratures of supply and delivery water; barometer; quality of 

steam, calculated from the throttling calorimeter readings; pounds 

of water supplied and delivered; pounds of steam used, obtained 

by subtracting the number of pounds of water supplied from the: 

number of pounds of water delivered; water per pound of steam 

by experiment; and the same by calculation. 
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The formula for this last value was the following: 
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y = the number of pounds of water per pound steam; 

X, = quality of steam as found: 

r, = heat of vaporization corresponding to the steam pressure at injector;. 

q, = heat of the liquid corresponding to the steam pressure at injector; 

q, = heat of the liquid corresponding to the temperature of water delivered: 

qs = heat of the liquid corresponding to temperature of feed water. 

8 te
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The efficiencies of each test were worked out according to 

the formula— 

Ww W+wyh 
vy (de a) + de +i a aay 7 

Efficiency = ep x ~in which 

W = weight of water supplied: 

w = weight of steam used. 

» = the heat of liquid corresponding to delivery temperature; 

q, = the heat of liquid corresponding to the feed water temperature; 

q = the heat of liquid corresponding to pressure at injector: 

h = lift in feet; 

(r) and (x) the same as in preceding formula; 

Be == number of foot-pounds in one heat unit. 
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The results given by this formula are all very nearly equal. 

With hardly a single exception the first three figures in the expres- 

sion for efficiency are 9’s, thus showing that the efficiency of the 

injectors is nearly 100 per cent. 

The following injectors were tested: 

Penberthy—Scott Valve Co., Chicago, Ill. ‘ 
Korting—Made at Hanover, Germany.
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Sellers—Wmn. Sellers Co., Philadelphia. 

World—American Injector Co., Detroit, Mich. 

Sherwood—Sherwood Injector Co., Buffalo, N. Y. 

Monitor—Nathan M'fg Co., N. Y. City, 92--94 Liberty St. 

Excelsior—N. A. Watson, Erie, Pa. 

Metropolitan—The Hayden & Derby Mfg Co., N. Y. City, 111 
Liberty St. 

All injectors in this test were lifting injectors. The Korting, 

World, Metropolitan, and Sherwood are double tube, and the 
Sellers, Monitor, Penberthy and Excelsior are single tube in- 
jectors. 
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The system used to compare the injectors was as follows: 
The pressure at injector was always kept at 80 pounds. The 

lift was always kept constant at 8” of Hg. The discharge pres- 

sures were taken at 20, 40, 60, 80, 100, 120, ete., to the limit. For 

each one of these pressures a run of a certain number of minutes 

was made keeping all values constant during the run. Temper- 

atures of feed water were 50°, 70°, 90°, 110°,120° I*,, ete. to the 

limit. lor cach change of feed water temperature a complete 

series of tests was made using the discharge pressures as given
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above. The limits were also determinted after each series of 

tests. In order to determine the limit of delivery, the pressure at 

injector being kept constant at 80 pounds and the vacuum gauge 

at 8’, the discharge pressure was carefully increased until the in- 

jector would stop working. This highest pressure being the limit 

of discharge for 80 pounds boiler pressure and a lift of 8” of Hg. 

for each certain temperature of feed-water used. This series of 

discharge-limit tests was carried out for boiler pressures at 80, 60, 

40, 20, etc., to the lowest limit at which the injector would work. 
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Suction limit tests were also made for each change of feed- 

water temperature. This was done by keeping the boiler-pres- 

sure constant always at 80 pounds, and finding the limit of suction 

for varying pressures of discharge, i ¢., at 20, 40, 60, 80, 100, etc. 

Several curves were drawn in order to compare the workings 

of the injectors more easily. The curves on Plate I. are tempera- 

ture curves. The feed-water temperatures are taken as ordinates : 

and the delivery temperatures as abscissas. The different injec- 

tors are shown by lines drawn according to the key at the bottom 

of the plate. This plate shows that the Sherwood heats the water
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to a higher temperature than any other but the following table 
shows that the number of pounds of water per pound of steam 
(7.83) is much less than the others. This is a natural conse- 
quence as a smaller amount of water would be heated to a higher 
temperature: 

, |. |retiar | Average | ‘Temp. Limit 41 ne te oH a a 1 | Stamé [Gell as, ature, |e Sizo | water | of '| Suction | ‘of 3| Name. | Pet | of feed jof Steam per Ib. of| deliv- | “limit. | feed S| a water. | pipe. PSfeame| “sry. Temp. 
| | =} J | 

1] Sellers......0..0.....] 615 30 rain. | 12.47 | 137 | 20.5 in, | 195 | 
2| Sherwood. | 579 50 1 in. | 7.83 | 179 | 21.25in. | 122 
3 Habra eos 645 50 1 in.| t1.07 | sat | a7. in. | 118 
4| Monitore.....0..../ IL 50 1 in.) 12.37 | 175 | 12.5 in. | 102 
5 | Penberthy...........| 478 sO | in. | 12.03 | 137 | 16.5 in. | 94 
6 | Korting.............{ 508 300 | min. | 9.47 | 159 | 18.5 in. | 190 
T | WEA ccccssseyyeel BIO 50 Min. | 9.22 | 160 | 19.5 in. | 130 
8 | Excelsior... 286 50 in. | 7.95 | 175 14-25in.| 87 Te ee 
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This same table shows that the Monitor delivers the greatest 
number of pounds of water per pound of steam (12.37), but in plate 
I. it ranks last in heating capacity. The World and Korting are 

i
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nearly the same in plate I. They are a little above the average in , 
heating capacity and are nearly up to the average in the table for 
the number of pounds of water per pound steam, the World being 
(9.22) and the Korting (9.47). The table as well as plate I. shows 
that they are higher than all the others in the range of feed-water 
temperature, being equal at the limit (130°). The Sellers aver- 
ages up well, the limit of feed-water temperature being 125°, the 
number of pounds water per pound of steam, 12.17 (ranking sec- 
ond) but the heating capacity is quite low, ranking about sixth in 
plate I. . 
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The Metropolitan is fifth in rank on plate I., being the lowest 
. of the double-tube injectors for the limit of feed-water tempera- 

ture (118°), and next to the lowest in heating capacity. ‘It 
ranks fourth in the above table, the number of pounds water per 
pound steam being (11.07). Plate I. shows clearly that the dou- 
ble-tube injectors are best suited for hot water. The heating 
capacity of the single-tube injectors are all much lower than the 
double. 

Plate II. shows that the order of highest suction limit is as fol- 
lows:
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1. Sherwood..............double. 5. Metropolitan...........double. 

2. Sellers..................single. 6. Penberthy...............single. 

3. World..................double. 7. Excelsior................single. 

4. Korting................double. 8. Monitor.................single. 

Plates III. to X. show the effects of changing the feed-water 

temperature. Lach is for a separate injector. In these curves 

the maximum delivery pressures are taken as ordinates and the 

boiler pressures as abscissas. In these curves it is shown that 

the Korting and Metropolitan are the least affected by change of 

feed-water temperature, the curves for different temperatures 

being nearly identical. The Sellers and World vary quite a little, 

while the Sherwood changes considerably. On plates XI. and 

XIII. will be found comparison curves for feed-water at 50° and 

go° F. Plate XI. is made up by transferring the 50° curve for 

‘each injector to the same plate, the object being to make a plate 

of curves where the injectors could be directly compared. Plate 

XIII. is made up in the same manner with go° curves. 

It is difficult to draw definite conclusions from these tests since 

‘injectors may be used under so many different conditions. Prob- 

ably the most important property of an injector is its ability to use 

hot feed-water, and next its lifting power. The other properties 

do not figure so much since the efficiencies are all nearly 100 per 

~cent. 

NEW U. W. PUBLICATIONS. 

The two following publications have recently appeared. Their 

origin is distinctly U. W. and Wisconsin may well feel proud of 

the authors. Mr. Ford took his second degree last June. He is 

a very young man and we hope he will live to realize the bright 

future his past work has indicated. Professor D. C. Jackson is 

also a young man, when his reputation is considered, and it will 

-be a long time before his sun shall have risen to its zenith.
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BULLETIN OF THE UNIVERSITY OF WISCONSIN, 

ENGINEERING SERIES, VOL. 2, NO. I. 

A COMPLETE TEST Of MODERN AMERICAN TRANSFORMERS OF 
MODERATE CAPACITIES. 

ARTHUR HILLYER Forp, Fellow in Electrical Engineering. 

The publication begins with an introductory note by Prof. D. C. 

Jackson, addressed particularly to central station managers, con- 

taining in condensed form a method for making tests and some 

guarantees which should be required for transformers. 

These guarantees are as follows: Iron loss from 30 watts to 

150 watts, and exciting current from .055 amperes to .2 amperes 

for sizes from 1,000 watts to 10,000 watts output, with primary 

pressure 1,000 volts and at a frequency of 100 cycles per second. 

Pressure drop in secondary 3 per cent. between no load and full 

load. Maximum rise in temperature 70° F-. Disruptive strength 

of insulation between primary coil and core to be ro times the 

primary pressure. ‘Testing all transformers on the line at least 

once a year is also advised. 

The body of the publication is taken up with the results of the 

tests on 21 different transformers, ranging in size from 1,000 watts 

to 10,000 watts capacity, representing all the American makers 

except two. Most of the tests were made during the year 1895, 

but others have since been made on new types of transformers so 

that the tests show the practice up to July, 1896. 

The points tested are copper loss, core loss, exciting current, 

regulation and heating. The methods used in the tests are then 

given, after which follow the results of the tests in the form of 

tables and curves, showing losses and efficiencies. Following this 

is the discussion of results. Justruments—Even the best instru- 

ments for the measurement of alternating currents are unreliable. 

fethods—The method devised by Dr. Sumpner for determining 

the losses was found to be the best. The iron losses are meas- 

ured with a wattmeter by connecting the low pressure coil of the 

transformer to a source of alternating current, having the pressure 

at which the coil is designed to work, through the wattmeter, the 

primary being open. The copper loss.is measured by short cir- 

cuiting the secondary through an amperemeter and supplying an 

alternating current to the primary through a wattmeter; the pres-
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: sure being just sufficient to force the desired current through the 
secondary. The wattmeter gives the copper loss in the trans- 
former plus that in the ammeter, which can be easily calculated. 
Losses and efficiencies—The iron losses are all reduced to the loss 

per cubic centimeter and the hysteresis factor is calculated so that 

the quality of the iron used in the different transformers can be 
compared. Measurements of the foucault current losses are at- 

tempted but were not satisfactory. Exciting current—The pres- 

ence of butt joints increases the exciting current. Regulation— 
Transformers with coils having the greater dimension of their 
cross section parallel to the axis have better regulation than 
those with square cross section. Transformers for giving con- 
stant current with primaries at constant pressure which depend on 

the magnetic leakage, for their regulation will work at only one 
frequency. Conclusions—It pays to make a careful selection of 
transformers and even to throw away those on the line which do 

not come up to the standard. Transformers which are perma- 

nently connected to the line and which have the load on for only 

a small portion of the time should be built with the maximum ef- 

ficiency at about quarter load even at the expense of regulation, 

instead of at or above full load, as is now done in most cases. 

ALTERNATING CURRENTS AND ALTERNATING CURRENT 

MACHINERY. 

BEING VOLUME II OF THE TEXT-BOOK ON ELECTRO-MAGNETISM AND THE CONSTRUC- 

TION OF DYNAMOS. 

By DucaLp C, Jackson, C. E., and Joun Prick Jackson, M. E. 

‘The Macmillan Company, New York, 

This book is based mainly on the lectures of Professor D. C. 

Jackson to seniors and graduate students in the University of 

Wisconsin, but the manuscript was carefully revised and extended 

by Professor J. P. Jackson of Pennsylvania State College. The 

book contains over seven hundred pages and deals with the sub- 

ject ina very thorough manner. There are a number of original 

demonstrations which help to clear up the somewhat difficult 

. problems in alternating currents. A great many words are saved 

by the free use of diagrams and all the illustrations have been se- 

lected for their clearness. An important change in nomenclature 

has been introduced: the term active to represent the component 
we Ws 2. ENG.



226 The Wisconsin Engineer. 

of electromotive force in phase with current, and to represent the 

working component of current. This removes the inconvenience 

caused by the use of the term effective as formally adopted to mean 

Vmean. A number of the laboratory tests referred to were 

worked out by students at U. W. In most cases foot-notes 

acknowledge the authors’ indebtedness. 

Following is a review of the contents: 

* Chapter I. Electric Pressure Developed by Alternators. 

Chapter IT. Armature Windings for Alternators. 

Chapter IIT. Self-Induction and Capacity. 

Chapter TV. Graphical and Analytical Methods of Solving 

Problems in Alternating Current Circuits. 

Chapter V. The Magnetic Circuit of Alternators. 

Chapter VI. Characteristics, Regulation, etc. 

Chapter VII. Regulation and Combined Output. 

Chapter VIII. Efficiencies, ete. 

Chapter IX. Mutual Induction. 

Chapter X. Operation of Ideal ‘Transformer and Effect of 

Iron and Copper Losses. 

Chapter XI. Efficiency and Losses in Transformers. 

Chapter XII. Design of Transformers. 

Chapter XIII. Polyphase Conducting Systems and the Meas- 

urement of Power in Polyphase Circuits. 

Chapter XIV. Alternating Current Motors. 

Chapter XV. Polyphase Transformers. 

APPENDICES. 

A. The Application of Fourier’s Series to Alternating Cur- 

rent Curves. 

B. The Characteristic Features of Alternating Current Curves. 

C. Oscillatory Discharges. 

D. Electrical Resonance. 

Index. 

‘As the essence of the book is taken from lectures to college 

classes, its chief function will be that of a text-book, and for this 

reason it is so designed that it may be used for either a longora 

short course. In the latter case, chapters IV., X., XI., XIL, 

XIl., XIV., XV., and the appendices may be omitted. An 

abbreviated course is not, however, advised by the authors, for 

students in Electrical Engineering.
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Descriptions of commercial machinery are avoided as the stu- 
dent is expected to get his working knowledge from the labora- 
tories and by reading the numerous references, 

The practical engineer will find in this volume an excellent ref- 
erence book. There is no padding, the tables are modern, theory 
is simple and the mathematics are not such as would stagger a 
person. These good points, however, would be of little avail to 
the busy engineer, were it not for the index which was compiled 
for use. 

: 

COLLEGE TECHNICAL JOURNALS. 

The Technograph for 1896, published annually by the Asso- 
ciation of Engineering Societies of the University of Illinois 
issued in May, contains several interesting articles on technica 
subjects. It also contains a descriptive index of central stations 
giving a brief description of situation and equipment of the prin- 
cipal central stations in the United States, as described in the. 
leading technical journals. 

The Minnesota Year Book, issued annually by the technical 
students of the University of Minnesota, contains several valu- 
able articles of interest to scientific men and engineers. The 
articles are contributed by professors and students and many of 
them are the resuit of extensive research in their respective 
lines,
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EDITORIAL. 

The marked success which attended the first appearance of the 

ENGINEER was gratifying not alone to the editors, but to all the 

professors, students and alumni of the University. This suc- 

cess was due in no small part to the active interest taken by all in 

the new magazine. The immense amount of work required in its 

edition was gladly given by those who were able to assist. 

Naturally it is to be expected that many things in the new maga- 

zine can be bettered. But time and experience will soon show 

what is best. Beginning with this number, the ENGINEER appears 

in a permanent cover. This, we think, will greatly improve its 

external appearance. Some changes have been made in the maga- 

zine itself. Smaller type has been used in the index, making it 

much more compact, and it has been improved by the addition of 

index letters, making it more convenient for use. : 

The senior engineers and several of the engineering faculty are 

indebted to the Western Society of Engineers for a very pleasant 

and instructive trip to Louisville. The party, consisting of mem- 

bers of The Western Society with their wives and friends, left 

Chicago Thursday evening, October 15th, on a special train con- 

sisting of five Pullman sleepers on the Monon route. Thursday 

morning the party found themselves at Bloomington, Indiana, 

where, after partaking of breakfast as guests of the Stone Quarry 

companies, they proceeded to inspect the quarries at Bloomington 

and Bedford. In the afternoon the train proceeded to Louisville, 

arriving in time for supper. On Saturday morning the party 

became the guests of the Louisville Cement company and were 

taken from the depot to the Louisville Hotel in a special train of 

five electric cars. From there the party took a train on the Pan- 

handle road to the quarries of the Louisville Cement company, 

where the complete process of the manufacture of cement was 

seen. The works of the Black Diamond company were also vis- 

ited. Here a large blast was exploded for the benefit of the party. 

After dinner a steamer was boarded and a trip was taken up the 

Ohio river to the Louisville waterworks, where the large pumping 

engine and the filters for purifying the river water were inspected. 

It was expected that the party could go on to the Mammoth
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To Current Engineering Periodicals. 

explanation:—W, words. M.Jan., W. Jan. 4, or P. Jan. at the end of the reference, 
indicates that a description or digest of the article may be found in the index of the 
Engineering Magazine of January, in The Electrical World digest of January 4, or in 
the Electrte Power digest for January. 

List of periodicals from which articles are indexed: 

American Architect, The. w, $6. Boston. Eng. Soc. of Western Pennsylvania. im. $7. Pitts 
Am. Engineer and Railroad Jour, m. $2. New burgh. 

York. | . Foundry, The. mm. 31._ Detroit. 
Am. Chemical Journal, b-m. $4. Baltimore. Gas Engineers’ Magazine. im. 6s. 6d. Birming- 
Am, Gas Tlie una. m. $3. New York. ham, 

Am. Journal of Science. m. $6. New Haven, Heating and Ventilation. m. $1. New York. 
American Machinist. «. $3. New York. . U1. Carpenter and Builder. w._ ss. Sd. London, 
Am. Manufacturer and Iron World. w. $4 Pitts- India Rubber World. am. $3. New York. . 

burgh, . Gas World, The. 2. 138. London. 
American Miller. an. $2. Chicago. Indian and Kastern Engineer. i. 20 Rs. Cal- 
American Shipbuilder. 1, $2. New York. cutta. 
Am. Soc. of Lrrigation Engineers. qr. $4, Denver. Indian Engineer. w. 18 Rs. Calcutta. 
Annual Report of Illinois Society of Engineers and Industries and Iron. 2. £1. Loudon. 

Surveyors. New York. . Inland Architect. m. $5. Chicago. : 
Architectural Record. qr. $1.. New York. Inventive Age. s-m. $1. Washington, 
Architect, The. ww. 26s. London. . Tron Age. a. $4.50. New York, 
Architecture and Building. a. $6. New York. Tron and Coal Trade Review. w. ?0s. 4d. London, 
Architectural Review. gr. $5. Boston. Tron and Steel Trades Jour. aw. 25s. London, 
Australian Mining Standard, w, 30s. Sidney, Tron Industries Gazette. m. $1.50. Buffalo. 
Boston Journal of Commerce. w. $3. Boston. Iron Trade Review. w._ $3. Cleveland. 
Brick, m. $1. Chicago. Jour. Am. Soc, Naval Engineers. yr. $5. Wash- 
Brick Builder, The. m. $2.50, Boston. ington. 
British Architect, The. w. 28s.8d. London, Jour, Assn. Eng. Societies. am. $3 St. Lonis. 
Builder, The. w. 26s. London. Journal of Electricity, The. am. $l. San Fran- 
Bulletin Am, Iron and Steel Assn. 7. $4. Phila. cisco, 
Bulletin of Uniy. of Wisconsin. Madison, Jour Franklin Institute. m. $5. Phila. 

California Architect. mm. $3. San Francisco. Journal of Gas Lighting. a. London. 
Canadian Architect. m. $2. Toronto. Journ, of Inst. of Elect, Engineers, London 
Canadian Engineer. m. $1. Montreal. Jour, New England Waterw, Assn. yr. $2. New 
Canadian Mining Review. mm. $1.50. Ottawa. London. 
Cassier’s Magazine, m. $3. New York. Jour, of Royal Inst. of British Arch. s-yr. 6s. 
Clay Records. am. $1. Chicago. London, 
Colliery Engineer. im. $2. Scranton. Journal of Society of Arts. w. London. 
Colliery Guardian. vw. 27s, 6d. London. &'Eclairage Electrique. w. France. 
Domestic Engineering. m. $2. Chicago. L'Electricien. ww. France. 
Electric Power. m. $2. New York L'Energie Electrique, France. 
Electric Railway Gazette. w._ $3. New York. L'Industrie Electrique. b-m, 
Electrical Age. iw. $3. New York. Locomotive Engineering. am. $2. New York. 
Electrical Engineer. w. 19s. 6d. London, Machiuery. m. $1, New York. 
Electrical Engineer, w. $3. New York. Machinery (Mach, Lond.) m. 9s. London. 
Electrical Engineering. m. $1. Chicago. Manufacturer and Builder, am. $1.50, New York. 
Electrical Industries. m. $1. Chicago. Manufacturer's Record. aw. $4. Baltimore. 
Electrical Journal. im. Chicago. Marine Engineer. mm. 7s. 6d. London. 
Electrical Plant. mm. 6s. London. Master Steam.Fitter. mm. $1. Chicago. 
Electrical Review. w. 21s. 8d. London, Mechanical World. a. 8s. 8d. London, 
Electrical Review. aw. $3. New York. Metal Worker. a. $2. New York. 
Electrical World. a. $3, New York. Mining and Sei. Press. w. $3. San Francisco, 
Electrician (Electn.) w. 24s, London. Mining Industry and Review. 2. $3. Denver. 
Electricity, (Elec. Lond.) w. Zs. 6d. London, Mining Journal, The. w. £1, 8s. London. 
Electricity (Elec.) w. $2.50. New York. Mining World, The. aw. 21s. London. 
Electrochemische Zeitschrift. m. Ger. National Builder, m. $3. Chicago. 
Electrotechnische Zeitschrift. w. Ger. _ Nature, 1. $i. London. . 
Engineer, the (KEng.) s-m. $2.50. New York. New Science Review, The. qr. $2. New York. 
Engineer, The (ng, Lond.) w. 36s. London. Paving and Municipal Engng. m. $2. Indian- 
Engineer and Contractor. w._ $1. San Francisco, apolis, 
Engineer's Gazette. m. 8s. London. Physical Review. b-m. . 
Engineering (Engng.) w. 36s. London, Plumber and Decorator, m. 6s 6d. London. 
Engineering and Mining Jour. w. $5. N.Y. Popular Science Monthly. a. $5. New York. 
Engineering Magazine. m. $3. New York. Power. mm. $1. New York. 
Engineering-Mechanics. m. $2. Phila. Practical Engineer. , 10s. London, . 
Engineering News. w. $5. New York. Proceedings Engineers’ Club. gr, $2. Philadel- 
Engincering Record. Ww. $5. Now York. phia. oe 
Engineering Review. m. 7s. London. Progressive Age. s-m. $3, New York. . 
Eng. Soe. of the School of Prac. Sci. Toronto, Railroad Car Journal, The, am. $1. New York,
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cave, but owing to the short notice plans could not be perfected; 

so Saturday evening the party left Louisville, arriving in Chicago 

Sunday morning. After returning to Chicago the seniors divided 

into their respective courses and made their regular inspection 

trips among the various works of interest in the city. As guests 

of the Western Society and the Cement and Stone companies, the 

seniors speak most highly of their entertainment and are exceed- 

ingly grateful for the opportunity from which they were able to 

derive so much pleasure and benefit. 

A word about our index may not be amiss. It has received 

many compliments and has also been severely criticised by some 

whom we believe do not understand our intentions. The primary 

object in view on starting the index was to continue the work of 

the Associated Societies which had been discontinued on ac- 

count of the heavy expenses involved. It was decided that to 

start an index with a digest of each article would be impracticable 
on account of the immense amount of work required and also the 

space needed would make it prohibitive. It was then decided to 

publish an index that would give the name and length of every 

article, the periodical in which it might be found and, if reviewed 

in one of the large magazines, the fact was to be mentioned. In 

this the index becomes similar to Poole’s Index. All American 

Technical Journals and the principal foreign journals are in- 

dexed. Thus if any one wishes to find what current literature 

there may be on any technical subject it is only necessary that he 

should look under its principal alphabetical heading and there 

will be found all that has been published in the last three months. 
To find a year’s writings it is necessary to refer to but four num- 

bers. In order to do this with the others it would require the ex- 

amining of twelve different numbers and as many different head- 

ings. Another desirable feature is the printing of the index on 

one side of the paper only. This makes it convenient for clipping 

where engineers desire to clip titles to insert in their scrap books 

for future reference. 

It is our desire to make the index as complete and convenient 

as possible, and any suggestions for its betterment will be gladly 

received. :
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Railroad Gazette. w. & 2. New York. Stevens’ Indicator. q7. $1.50. Hoboken. 
Railway Age. w. $4 Chicago. . Stone. m, $2. Chicago. 
Railway Master Mechanic. m. $1. Chicago. Street Railway Journal, m. $4. New York. 
Railway Press, The. m. 7s. London. Street Railway Review. m. $2. Chicago. 
Railway Review. w. $4. Chicago. Tradesman, s-m. $2. Chattanooga, Tenn. 
Railway World. m, 5s. London. Trans. Am. Inst, Elect. Enginecrs. m. $5. New York. 
Safety Valve. m. $1. New York. Trans. Am. Inst. Mining Engiheers. New York. 
Sanitarian. m. $4. Brooklyn. Trans. Am. Soc. Civil Engineers. m. $10. New 
Sanitary Plumber. s-m. $2. New York. York. 
Sanitary Record, m. 10s. London. Trans. Am. Soc. Mechanical Engineers. New York. 
School of Mines Quarterly. $2. New York. Transport. w. £1,5s. London. 
Science. w. $5. Lancaster, Pa. Technology Quarterly. $3. Boston, 
Scientific American. w $3. New York. Western Electrician. aw. $3. Chicago. 
ScientificAm. Supplement. w. $5. New York. Western Mining World. m. $1. Butte, Mon. 
Scientific Machinist. s-m. $1.50. Cleveland. Wiedemann’s Annalen. 

Sibley Jour. of Engineering. m. $2. Ithaca,N. Y. Zeitschrift fiir Beleuchtungswesen. Ger. 
Southern Architect. m. $2. Atlanta. Zeitschrift ftir Electrochemie. s-m. Ger. 
Stationary Engineer. m. $1. Chicago. 

A BREE Dore (Ill.)—R. W. Paul, Builder. Age. Mch. 16. 500 w. M. May. 
April 4. 4000 w. M. June. Acetylene, The Fire Hazard of—Am. Gas Lgt. 

ABSORPTION Photography—See Roentgen ~ Jour, Apr. 27. 600 w. _M. June. 
Rays. Acetylene—See Electric Energy. 

ABUTMENT, To Ascertain the Best Angle for ADJUSTER, Brake Slack—R. R. Gaz. April 
Wing Wall of Bridge—J. H. Sewiss, Il. Soc. 24. 1800 w. M. June. 
of Engs. and Sury. 11 An. Rept. ADMIRALTY Officers, The New (Ill.)—Eng. 

ACCIDENTS in April—R. R. Gaz. May 22. Lond, July 31. 1600 w. 
2200 w. AERIAL Navigation, Latest Inventions in 

Accidents in May—R. R. Gaz. June 26. 500 w. dl.)—Rudolph Kosch, Sci. Am, Sup. May 
Accidents in the United Sta.es in June, Train— 30. 2800 w. 

R.R. Gaz. July 24. zu w. ’ Aerial Lramways—W. R. Shaw, Ind. and East 
ACCUMULATOR—Elec. Jour. May 15. _ Light- Eng. July 1. 2200 w. 

ing. June 11. W. July 18._L’Elec. July 1. Acrial Navigation—See Navigation. 
W. Aug. 1. L’Hclair Wlec. May 16. W. June ‘ArreRDAMP—T. Davies, Col. Guard. July 
13. 17. 2000 w. . 

Accumulator Accessories—Elec. Lond. July 3. AGRICULTURAL MACHINERY—Sci. Am. 
Serial. Part 1. 1000 w. July 25. 4200 w. 

Accumulator Jars—E.ectrotechn Zeit. June 11. ATR and Other Gases, The New Process for 

Accumulator, Prize for—Blectn. Apr. 10. |W the Liquefaction of—Nature. April 2. 1000 
May 2. Electrotchem Zeit. Aug. W. Aug. w. M. June. 

2 j Air'as Used for Power Purposes, Compressed 
Accumulator Petetion—Hlee. Eng. Lond. July ~—prederick C. Weber, Compressed Air. May. 

. W. Aug. 8. 2000 w. 
Accumulator Traction at Birmingham—Elec. Air Brake Hose Dummy Coupling—R. R. Car 
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May 16. . Air Brake Hose, The Inspection of—Ry. Mas, 
Accumulators, Celluloid in—Elec. Rey. Lond. Mech, June. 1200 w. 
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News, Elektrochem Zeit. June 5. W. July 4 AirBrake Men’s Association, The—R. R. Gaz. 
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Accumulators, Weight of Solution in—Fitz- “4900 w. M. June. 
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Hi. Birchmore, Am. Gas Lgt. Jour. May 25. Club. Ry. Rey. Apr. 18. 1800 w. M. June. 
3400 w. M. July. Air, Compressed—W. L. Saunders, Compressed 

Acetylene and Car Lighting—P. Conradson, ~ Ajy, Mch. Serial. Part 1. 1700 w. M. May. 
Ry. Rev. July 25. 1800 w. Air Compressor, Test of a Compound—Am, 

Acetylene Apparatus (IIl.)—T. O’Conor Sloane, “Mach. Apr. 16. 1000 .w. M. June. 
Sci. Am. Sup. Apr. 4._ 2800 w. M. May. Air Compressing at Drummond Colliery, N. 

Acetylene, Domestic Lighting with—L'Ind. S.. Experience Wwith—Charles — Fergie, Can. 
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July. 3800 w. July 31. Serial. Part I. 2000 w. 

Acetylene Gas as an Illuminant, Commercial Air Compressors of the Pneumatic Gun Bat- 
Value of—T. A. Ferguson, Eng. News. May ~ tery, High Pressure (Ill.)—B. ©. Batcheller, 
14, 2000 w. M. July. Am. Mach. Apr. 23. 1800 w. M. June, 

Acetylene Gas as an illuminant for Polariscope Air Compressors, ‘The Efficiency of—C. P. 
Work, Note on the Use of—H. W. Wiley, ~ Paulding, Am. Mach. July 9.° 1200 w. M. 
Pro. Age. Mar. 16. 800 w. M. May. Aug. 

Acetylene, Practical Use of—W. W. Goodwin, Air in Colliery Workings, Continuous and Au- 
Am. Gas Lgt. Jour, June 1. 2700 w. tomatic Sample—Taking of (Ill.)—Paul Petit, 

Acetylene Standard for Photometry, An.—Pro Col. Guard. Mech. 27, 2000 w. M. May.
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A new scientific organization to be known as The Science Club 

of the University of Wisconsin, has recently been formed. Its 

existence is due to the energy of Professor George C. Comstock. 

In the past there have been a number of minor clubs devoted to 

special branches of science; but the experience has been that the 

interest taken in them, while very great at their inception, gradu- 

ally dies out, leaving the major part of the work in the hands of 

a few over-taxed specialists. ‘This is due to the decidedly techni- 

cal character of the programs and for this reason a larger body of 

a less technical nature is desired. Such an organization will not 

encroach upon the ground of the smaller clubs devoted to special 

branchesof science, but these will notbeexpected to have so large 

a membership. 

The object of the organization is expressed in the preamble: 

“Tor the promotion, within the University of Wisconsin, of an in- 

terest in and knowledge of the physical and natural sciences and 

their useful application.” * * * One of the by-laws reads: “The 

pregramme and discussion at regular meetings of the association 

shall be, so far as possible, of an untechnical character.” Meet- 

ings will be held once a month. 

The advantages of the club may be enumerated as follows: 

1. The untechnical character of the program enables men of 

science to become acquainted in a general way with the branches 

of science in which they themselves have not specialized and to an 

extent which would otherwise require the expenditure of more 

time and study than the returns would warrant. 

2. The researcii work in the University can be presented by 

the investigators, which is a great advantage. 

3. The members become well acquainted with one another so- 

cially. 

The present officers of the club are: President, Professor 

George C. Comstock; Vice President, Professor D. C. Jackson; 

Secretary and Treasurer, Dr. William S. Marshall. These three 

men constitute the executive committee. 

The program committee consists of Professor Comstock, ex- 

officio chairman, Dr. Edward Kremers and Dr. Joseph Jastrow. 

There are about fifty charter members, consisting of members of 

the faculty and graduate students. 

The Wisconsin Engineer wishes the club success and will pub- 

lish a resumé of their procecJines ip its future numbers.
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Hlectn, June 5. W. June 27. the Wld, June, 1500, w. 
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R. Hmmett, Blec. Rey. May 13. 5000 w. M. — of Power, The Utilization of—N. W. Perry, 

duly. J Fr Inst, July. 6500 w. M Aug. 
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Messrs. Williams and Perkins in their article of this number, 
have used the terms static torque and starting torque in connec- 
tion with their tests on alternating current motors. The static 
torque was found by clamping the band of their brake tightly and 
balancing the pull of the rotor*; the starting torque by loading 
the brake to the maximum value at which the machine would 
start, and come up to speed. This distinction is a good one. 
Some manufacturers have been calling static torque the starting 
torque, and this is misleading. Static torque is of no use what- 
ever except to show what limit the starting torque can be made to 
approach by the use of finely divided resistances in the armaturet 
circuit, as pointed out by the writers. 

Messrs. Williams and Perkins found loads between the starting 
torque and the static torque under which the rotor would revolve 
but would not come up to speed. This seems to indicate that the 
starting torque is a variable quantity, depending on the kind of 
load to which the motor is subjected; i. e., a line of heavy shafting 
with a large static resistance to turning and a small running fric- 
tion, could be brought up to speed by a certain motor, and perhaps 
this same machine would fail on a piece of machinery intended to 
be driven at the same speed and having the same static resisting 
moment, but a larger running friction than the shafting. The 
starting torque of Williams and Perkins’ tests holds for light ma- 
chinery with small moment of inertia. It would be interesting to 
know just how much this quantity can vary with different classes 
of loads. 

One of the special advantages which the students in engineer- 
ing at the University of Wisconsin enjoy is the Special Lecture 
System. Successful men in practical life are invited to talk to 
the different departments of the University and the engineering 
lectures are quite frequent. These lectures are given on Friday 
afternoons, the work in the class rooms and laboratories being 
suspended that all may take advantage of the treat. It isa 

good thing for young engineers to listen to older men of expe- 

rience in the profession, for their talks are always profitable and 

of a practical nature. The observing student not only gets in- 

"*Part which revolves. 
+ Part in which current is induced.
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formation from the substance of such a lecture but learns 

something of the successful man’s method of thinking. This is 

well shown when the lecturer recites some of his experiences 

with difficulties and his methods of overcoming them. Many 

of our lecturers are men of national reputation and their talks 

are often published as University bulletins. Following are 

names of some of the lecturers and their subjects: 

1894-95.— Bell, Alexander Graham — Radiophony. Gray, 

Llisha — Early Reminiscences. Abbott, Arthur V.,C. E., Chief 

Engineer—Electric Transmission of Power. Baker, W.E., C. E. 

Chief Engineer — Electric Equipment of Elevated Railroads 

Benzenberg, George H., C. E., City Engineer — Water Supply 

Tunnel. Brownell, H. G., B. S., Designer— The Operation of 

Galvanoplasty. Cooley, L. E., C. E., Trustee — Deep Waterway 

from the Great Lakes to the Atlantic. Ferguson, Louis A., B.S. 

Electrical Engineer — Modern Electric Power Stations. Graf- 

ton, W. McC.,, Signal Engineer — Interlocking Signal System. 

Johnson, J.B, C. E., Professor Civil Engineering — The United 

States Timber Tests. Lewis, F.H., C. E., Consulting Engineer — 

Specifications and Tests for Structural Steel; Specifications and 

Tests for Cements. Lindemann, August, M. E., Superintendent 

— Presses and the Die and Tool Work connected therewith. 

Loree, L. F., M. Am. Soc. C. E., Superintendent — Emergencies 

Arising in the Operation of Railroads. Mead, Daniel W., B.C.E., 

: Consulting Engineer—Water Supply Engineering. Peck, S. B., 

M. 1., Consulting Engineer—Conveying Machinery. Sweet, 

John E., M. E.— The Modern Steam Engine. 

1895-96.—Baker, W. E, C. E— Electric Equipment of Ele- 

vated Railroads. Brown, Charles C., C. E., Consulting Engineer . 

— Sanitary Engineering. Gannett, Henry, Chief Topographer 

U.S. Geological Survey — Topographical Methods of the Geo- 

logical Survey. Gregg, J. H.— The Prevention of Scale in Steam 

Boilers. Johnston, Thomas T., C. E., Assistant Chief Engineer— 

Construction of the Canal. Lundie, John, C. E— Motocycle 

Tests. Pierce, R. H.— Electrical Storage Batteries. Summers, 

i. ..— Motocycle Tests. Swenson, Magnus, M. E—- Econom- 

ical Xvaporating Machinery. Van Ornum, John L., C. E.—- 

Topography.
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BARODA Palace—R. F. Chisholm, J Roy Inst Berliner—See Microphone. 
Brit Archs, May 21. 10000 w. M Ang. BESSEMER Process, The Invention of the— 

BARS, Graphics of ‘Truck Arch—Soc Engng, Ir & St Trs J, Mch 21. 5000 w.  M May. 
May. 1100 w. Engng, Mch 27. 3000 w. M May. 

Bars of Any Section by Extrusion at High Bessemer Process, The Invention of the—Jos. 
‘Temperatures, The Production of Metallic — Db. Weeks, Am Mfr & Ir Wid, May 29. 2500 w. 
()j—Perry IF. Nursey, Eng, Lond, May 8. Bessemer Process, The Inventor of the—Ry 
2400 w. M. July. Age,Apr 11. 1400 w. M June. 

BASIC Open Hearth Plants, Cost of—Ir & BESSEMERIZING — Nickel | Matte—H.  W. 
Coal Tr Rey, June 4. 1400 w. , Noyes, Eng & Min Jour, May 2 1500 wi. 

Basic Open Hearth Process at Granite City, | M June. . 
(Ill), The—Ir Age, April 16. 900 w. M June. BICYCLES AND TIRES, The Export of 

BATHS, Public Rain—M. Morris, San, July. Amorican—Ind Rub Wid, July 10. 1600 w. 
5600 Ww. M. Aug. 

BATTERY During Electrolysis, Energy of a— Bicycle, ‘The (Ill)—Sci Am, July 25. 1800 w. 
Elec Rey, May 8. W. May 30. M Sept. 

Battery, Electrodynamic Theory of the Gas- BIRDS, ‘The Sailing Flight of—Engng, May 
Quincke, Elektrochem Zeit, Apr 1. 29. 1000 w. 

Battery, Evolution of the Storage, Electn, BISMUTH—See Resistance. 
May ‘15. BLACK Diamond Express, The-R R Car 

Battery, Jacques Carbon—Elec, June 3. W Jour, June. 450 w. 
June 13. BLAST-Furnace Gases, The Economical Use 

Battery, Small Electric Light (III)—L'Elec, — of—A. 8. Keith, Ir & Coal Trs Rey, Apr 17. 
May 30. W_ June 27. 2500 w. M June. 

Battery, The Hyolution of the Storage—Mau- Blast-Furnace Sha.t without Bricawork, A— 
rice ‘Barnett, Jour Fr Inst, Apr. $800 w. FP. Biittgenbach, Ir & Coal Trs Rey, Apr 3. 
M May. . 900 w. M June. 

Battery "Traction at Birmingham—Ry Wd, Blast Furnace Practice, American—J. L. Ste- 
Apr. 800 w. M_ June, yenson, Eng, Lond, July 10. Serial Part 1. 

Battery, Velyo-Carbon Primary—Altlingham, 3000 we 
Elec’ Rey, Lond, July 24 W Aug 1. Blast Furnace Stack, A Sketch of a Modern— 

Batteries, Advances in the Theory and Con- A. P. Gaines, Eng Assn of the South, April. 
struction of Secondary—I*. Zacharias, Electn, 3400 w. 
Apr 17, P June. . Blast Furnaces and ‘Their Value, Standard 

Batteries, Carbon Consuming (Ill)—Elee Eng, — Physical Tests for the Product of the (II)— 
May 13. W May 23. tT. D. West, Trans Am Inst of Min Engs, Apr. 

Batteries, Commutator for Storage (II)— Blast Furnaces, Lighting of—F. Brickeraux, 
Stine, Elec, May. W May 23. Col Guard, April 2. Serial Part 1. 2600 wi : 

Batteries. Construction, and Theory of Lead— M. June. 
Loeb, Blectn, Apr 17. . Blast Furnaces, Past and Present—Ir & St 

Batteries, Experiments with Air—Zettel, Elek- Trds Jour, July 4. 1000 w. 
trochem Zeit, Apr 5. W May 16. Blast in Cupolas, ‘The Action of—L. West, 

Batteries for Electrical Locomotion, On Sec- — Engng, July 31. 2700 w. 
ondary—Desmond D. Fitzgerald, Elec Rey, Blast Meter’ Tell the Truth? Does  the—H. 
Lond, Mech 20. Serial Part 1. 2500 w. M Hansen, Foundry, Apr. 1200 w. M. June. 
May. . an Blast Penetration “and Improvements in Cen- 

Batteries, On the Charging of Car Lighting— “ter Blast, Power of—T. D. West, West 
Elek Anz, Apv 16, . Found Assn. Ir Tr Rey, June 25. 5300 w. M 

Batteries, Storage (II)—Charles Blizard, Elec Aug. 
Pow, May. 5300 w. W May 22. M July. Blasting in Pole Line Construction—I. J. Ma- 

Batteries, Theory and Construction of Sec- comber, Sib Jour of Engng, April. 500 w. M 
ondary—Zacharias, Electn, Apr 17. June. 

BATTLESHIP ‘“Juasiguiberry,” The French Blasting Operations in Collieries, Improve 
—Eneng, July 3. 800 w. MM. Sept. ments in—M. C, Thlseng, Am Mfr & Ir Wd, 

Battleship Massachusetts, Contract Trial of June 26. 2800 w. M Aug. 
the United States Coast Line (I)—C. Hl. BOATS. Inclincd Planes for (II)— Sei Am 
Hayes, Jour Am Soc of Nav Engs, May Sup, April 18. 3500 w. M June. 
8500 w. M July. | | - BOARD of Trade, The Reconstruction of 

Battleships, Queen of—Sea, April 30. 1700 w. the Plant of the Chicago (Ill)—Bions J. Ar- 
M June. Co nold, Elec Eng. May 27. 2000 w. M July. 

Battleship ‘Yashima,” The Japanese (MW)— BorLieR, circulation” in Water-Tube—W. H. 
Engng, Mch 6. 2600 w. | M May, . Watkinson, Paper Inst of Naval Architects. 

BEAM or Girder from Irregular Loading, A — Engng, April 3. 3800 w. M June. 
Method of Determining the Size of a—Rob- Boiler Coverings, Experiments with—Can 
ert D. Kinney, Power, Apr. 1200 w. M May. “yng, June. 1200’ w. We Aue. 

Beams, Strength of—Walter Ferris, Am Mach, Boiler Explosion at Bridgeport, Ala (Ill)—RR 
Apr 16. 1500 w. M June. | 5 Gas, April 24. 150 w. M_ June. 

Beams, The ‘Transverse Strength of—M. Boiler Explosions. Does High Steam Pressure 
Lewinson, Tr Am Soc of Ciy Eng, Mch. ~“Jnerease the Danger of—Loc Engng, May. 2500 w. M May. . 1400 w. 

BHAR Trap ‘Type, Dams,  Sluices and Lock Boiler Firing, Smokeless Combustion and— 
Gates of (II)—A. Powell, Jour Assn of W. Hempel, Col Guard, July 24. 700 w. M 
Engng Soc, June. 11500 w. Sept. 

EpSRINGS, Machinery ids Dewrance, Ind & Boiler’ Inspection—Ind Engng, June 20. 2500 
Tr, July . ve ” w. 

Bearings, Side Pressure Ball—Ry Wld, May. poiler Making Contrasted with Old Methods, 
1400 w. 2 Modern—H. J. Hartley, Paper Am_ Boiler 

BELFAST and Its Industries (I1)—Eng, Lond, — Mfrs Assn. In Age, July 2.2500 w.. M Aug. 
July 10. 1800 w. M Sept. Boiler Plates, New Rules for Testing—Eng 

BELT Lacings, Odd (I)—B. F. Fells, Am “News, April’ 9.1100 w.. M June. 
Mach, May 28. 500 w. . Boiler Room, The—L. H. Tullen, Elec Wd, 

Belting, Laying Out (1l)—Thomas Hawley, “April 11. 
Bos Jour of Com, May 2. 2200 w. M June. Boiler Scale, The Conductivity of (I1l)—Power, 

Belts and Their Use, Notes on Conyeying— May. 1500’ w. M June. 
Thos. Robing, Jr., Col Guard, May 15. 3000 Boiler, Tests of Two Systems of Firing ona 
w. M July. rater-Tube—G. TH. Barrus, E ec, Jul BERGEN Coimty Traction Company (1il)—St Jeet aang Darus: Eng Hee, July 

y Jour, June. ier. TI Sovering—G. Hartley, Min & Sei 
BERLINER "Controversy, .'The—W. Clyde PGA sui Ge Glo we Sept 
Jones, Elec Engng, July. 3800 w. Boiler, The Efficiency of a Steam. What is
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BUNDY FEED WATER HEATER. 

“thie Ae OS” A New Feed Water Heater has 
WATE TET wy ovo, been brought out called the Bunpy, 

waren th + a rather peculiar name, altough quite 
canoes | ) well known on account of the radia- 

of Pea Mg || tor made bearing the same name. 
& i ih De hae came The Bundy Feed Water Heater is 
at Te of the cylindrical tubular type hav- 
Li i? ==—"—ivwsromer ing an outer shell of wrought 

| ii — 7 iron, containing a series of 
Hy n) rae 2 inch brass tubing. The exhaust 

BRASSTUBES i Wi enters the wrought iron shell at A 
APT 1 | and passes out at B, heating in 
WN Hi Wh | transit the water that enters at Gc, 

» 1 | the passes through the pipe E and 
JAH hy out at G. Dis a sediment cham- 
i » j ari ber and F a water chamber, each 

i | i ih ! supplied with blow off connections, 
i HF ( | | I for sediment discharge and H for 
All | HT AL scum blow off. K is a safety 

conse a AW | valve and J the condensation drip. 
} — Fo | He The exhaust st inlet d = Eo HT aust steam inlet an 

MO A A | outlet may be changed to different 
: lee WAT a} is | parts of the cylinder or be reversed, 
i laine «tml the steam entering at B and leav- 

waren ae ie | ing at A, or both may be on the 
a = Sage ll same side. 
“a a ee ae It will be observed that the ex- 
Sef op poe yes haust steam acts on the exterior 

Pome EES] of the brass pipes and this the 
manufacturers claim heats the water to a higher temperature than it is 
possible to secure with a heater in which the exhaust steam passes through 
the pipe having the water on the outside. Then again the friction in pass- 
ing the exhaust through the pipes is liable to induce a back pressure on 
the engine which the makers of the Bundy guarantee cannot occur with 
this heater. 

It will also be observed that the water outlet pipe G enters the water 
chamber several inches drawing the water that is pure while the scum 
rises to the top and is removed by occasionally opening the valve in the 
water blow off. 

The water outlet pipe G may be connected to a return trap setting on 
the boiler three feet above the water line of the boiler and so the water be 
put into the boiler without cost for running a pump. 

The Bundy is the product of the A. A. Griffin Iron Co., 66-68 Center 
St. N.Y. City, with offices at 177-179 Fort Hill Square, Boston, and 702 
Arch St., Philadelphia, and works at Jersey City, N. J. Printed matter 
may be had of them for the asking, giving further particulars and prices.



, 

Index of Engineering Literature. 2389 

it?—Wm. Kent, ‘Tr Am Inst Mech Engs, Vol Bridge at Knoxville, Tenn, The New Tennes- 
XVI. 2300 w. M June, see River (Ill)—Eng News, May 7. 400 w. M 

Boilers, Circulation in Water-Tube—A. C. El- _ June. 
liott, Engng, May 1. Serial Part 1. 2200 w. Bridge at Niagara, The New Railway—R R 

Boilers, Compound Marine—N. Soliani, Paper — Gaz, Apr 24.” 2000 w. M June. 
Inst Nay Arch. Engng, Apr 3. 1400 w. M Bridge at Paris, New_ Cantilever—Eng, Lond, 
June. - . . May 15. 900 w. M July. 

Boilers and Engines, Efficiency of—T. F. Bridge-Building, Architecture of (Il)—B. O. 
Scheffer Jr, Mach Mag. Serial’ Part 1, 1800 — Gardner, Eng Mag, Aug. 2000 w. 
w. M June. Bridge, Calibration of Slide-Wire (Il)—Be- 

Boilers, “Efficiency of—J. ©. MeMynn, Elec — ecke Elec, July 8. W July 18. 
Engng, Apr. 1300 w. M June. Bridge Construction in’ New South Wales 

Boilers, Formulae for the Strength of Seams, Timber (1l)—Perey Allen, Eng, Lond, May 
Stays and Braces for Cylindrical (II) Jour — 22. 4500 w. M July. 
Am Soc of Navy Engs. © May. 2800 w. M_ Bridge Construction on the “Big Four’ RR, 
July. Emergency— Ry Rey, July 1, 1500 w. 

Boilers, Marine—Abst Paper N E Coast Inst Bridge, Counterweighed Arch (II)—R R Gaz, 
Eng and Shipbuilders. Ind & Ir, June 26. Iuly 24. 1000 w. 
2400 w.. M Aug. Bridge Disaster at Victoria B. C._Eng News, 

Boilers, Mineral. Oil in Marine—Engng, May — June 18, 3000 w. M Aug. 
22. 3000 w. M July. Bridge, Bast Coast Railway India, The Kistna 

Boilers on H. M. S$: “Sharpshooter, The Belle. — (1I)—F. J, FE. Spring, Engng, July 3. Serial 
ville—A. Dodgson,. ungng, Meh 6. 400 w. — Part 1. 2700 w. 
M May. Bridge, Erection of a Long Plate-Girder Rail- 

Boilers, The Commercial Efficiency of Steam road-—-Eng Rec, Mch 28. 400 w. M May. 

—A. Hanssen, Engng, July 17. 3200 w. M Bridge, Gate for the Wallabout Draw, Brook- 
Sept. lyn (II) Eng News, Meh 26.900 w, M May. 

Boilers, The Efficiency of Steam—Eng News, Bridge, Melan Concrete and Stone Arch, To- 
June 11. 1800 w. M “Aug. peka’ Kan. (Ill)—Eng News, Apr 2. 2800 w. 

Boilers, The Maintenance and Repair of Ma- | M May. 
rine J. F. Walliker, Prac Eng, July 10. 1800 Bridge, Modified Wheatstone—Lacoine, L’Elec, 
w. M Sept. May 15. W_June 6, 

Boilers, Their Equipment and Management: Bridge over Harlem River, N YC & HR RR, 
Steam—Albert A. Cary, Elec Rev, May 20. ~ Four-Track Swing (Il)—Eng News, April 80. 
Serial Part 1.1500 w. 1000 w. M June. 

Boilers. Water-Tuhe—J. Watt, Eng, Lond, Bridge over the Hudson River at New York, 

Meh 27. 2800 w. M May. The New (Il])—Sci Am, May 2. 1300 w. M 
Boilers see Corrosion. June. 
BOLSTER 70,000 lb. Car, Body— Ry Rev, May Bridge over the River Inverness, The New 

9. 800 w. Waterloo (Ill)—Eng, Lond, Apr 10. 2400 w. 
BORDER, The Haray Plant—E. F. Canning, | M June. 
Gar_& For, July 29. 1200 w. Bridge Problems of the Greater New York, 

BRAKE Cylinders, Economical Oiling-R R The—Eng Rec, May 23. 900 w. M July. 

Car Jour, June. | 3000 w. M Aug. Bridge. Permeability—Chittock, Electn, May 
Brake Gear, Efficiency of Foundation—R. A. | 15,” W June 6. 
Parke. RR Car Jour, June. 1200 w. M Aug. Bridge, Raising a Highway—Ry Rev, May 9. 

Braxing Cars (1)—Elek Anz, Apr 19. W  _ 900 w. M July. 
May 16. Bridge. The Adopted Plans of East River (11) 

Brakes, Continuous Railway—Engng, June 26. —Eng News, July 30. 400 w. 

800 w. Bridge. Widening a Swiss Arch (IIl)—Eng 
Brakes for Goods Trains, Automatic—Ind & — Rec, May 23. 150 w. M July. 

East Eng, Feb 22. 1500 w. M May. Bridge, Widening of Iron “Truss  (Ill)—Eng 
Brakes, Maintenance. of Passenger and — Rec, July 25. 800 w. 
Freight—R R Car Jour, June. 4000 w. M Bridge, see Abutement, Arch. South Rocky 
Aug. River. Pratt Truss. North River. Merrimac. 
Brakes on Street Cars, Hand or Air—Die — Rock River. Scine. : 

Blek, Apr 18. Bridges, Cantilever—Ry Rev, Apr 25. 900 w. 
Brakes on Railways in India, The Working of — M June. 
Automatic—Ind Engng. Mch 21, 800 w. Bridges, Cantilever (II)—E. Marburg, Pro 

BRAZIL. Minerals and Mining of—Cons Rept. | Engs Club of Phila, July, 5000 w. 
July. 1600 w. Bridges for Branch’ Lines, Railway—M. A. 

Brazil Railways and Shipping—Trans, July 1. Pollard-Urquhart, Paper Soc of Engs, Lond. 

500 w. Arch, June 5. 2500 w. M June. 
Brazing Rail. Bonds. (1ll)—Payne system, St Bridges. for Electric Railroads—C. Stowell, 

Ry Rev, July 15, W_Aug 1. RR Gaz. July 10, 1500 w. 
BRit AGES, An Increasing Problem in Bridges, Highway—C. Gaylor, Jour Assn of 

Knuekle—Ry Mas Mech, May. 1400 w. Engs Soe, June, 2860 w. . 
BREMEN, Free. Port of—Consular Reports, Bridges in England, Cast Iron Railroad—R 

Feb, 4800 w. M June. Gaz, May 8. 1000 Ww. | 
BRICK Buildings. Notes on the Design of—G. Bridges in the Port of Marseilles, Swing— 

¥. Newton, Br Build, Apr. 2300 w. M June. — Engng, May 29. 120. w.) M July. . 

Brick Paving—See “Paying.” Bridges. Low Level—A. Brady, “Eng News, 
BRICKMAKING in Tuskegee Ala. Industrial — July 16. 2200 w. . 

School (I)—V. E. Matthews, Brick, Apr. Bridges of Short Span—F. W. Wilson, Eng 
1200 w. M May. News. May 7. 1600 w. 

Brickwork Tests, (II)—-W. ©. Street. Jour Bridges, Opening—George Wilson, Prac Eng, 
Roy Inst of Brit Arch, April 2. 1000 w. Mo — May 1. 2200 w, M July. . 
June. Bridges. Some Curious—Ill Car & Build, May 

Brickwork Tests, A Further Note on—H. H. 15. 2800 w. M July. . 

Statham, Builder, April 11, 1800 w. M June. Bridges. The Influence of Braked Trains on 
Brickwork, Tests of Canadian and English— the Superstructure of Metallic—P. Jasinski, 

C. H. Wright, Can Arch & Build, July. Ry Rey, April 1. 900 w. M June. 
Brickwork, The Resistance of—C. A. Black- Bridges see Railroads. 

all, Brickbuilder, May. 2800 w. M July. BRIGHTON—Lond Elee Eng. June 26. 
BRIDGE, Accident to Rochester (II)—Engng, BRONZE Casting in Europe, The Art, of 

Mch 20. 1200 w. M May. Geo. Simonds, J Soe of Arts, June 19. 13, 
Bridge, A Conerete Foot—A. N. Talbot, I 500 w. . . 

Soe ngs & Sury, lth An Rept. 3500 w. BROM CYAN. .ome_ Experiments with—H. 

Bridge, Adjustment of the Kelyin—Appleyard, — C. Cutter, Eng’s Yr Book, Uniy of Minn. 
Phil Mag, June. soo w. M July.
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SIX MONTHS OF ELECTRICAL JOURNALISM. 

The Evecrricat Review has just completed its twenty-eighth ‘ 

volume, which contains some of the best newspaper work ever 

done by a techincal journal. In addition to giving thoroughly 

reliable news of the progress of electrical work in all its branches, 

the ELecrricaL Review has secured in the past six months a 

large number of unusually valuable and exclusive articles on 

important subjects. It printed the first official interview with 

Professor Roentgen and the only interview with Professor Sal- 

vioni, of the University of Perugia, Italy, who made some very 

interesting and remarkable discoveries on the Roentgen ray. 

The Review was also the first to give an illustrated descrip- 

tion of the new Westinghouse-Baldwin electric locomotive, 

and obtained the first official interview with Thomas A. Edison 

on his new fluorescent lamp. This interview was illustrated 

with a sketch of the lamp made by Mr. Edison for the Revirw. 

The greatest honor that this journal has attained is that it was 

selected exclusively by Nikola Tesla for giving to the world the 

remarkable series of articles written by him, describing his won- 

derful progress in X-ray photography and in vacuum-tube light- 

ing. 

The electrical field is rapidly broadening and the class of 

people interested in its progress is as rapidly widening; the prog- : 

ress made from week to week is faithfully delineated for their 

benefit in the Etecrricar Review, of New York City. 

Tue Srreer Rattway Review, commencing with January, 

1897, will begin the publication of a foreign edition of their 

magazine. 

The new publication will be similar in appearance to the home 

edition, which will continue as a quarterly. It will contain 

descriptions of the principal street railway plants outside of the 

, United States, and also a resumé of the best and latest appli- 

ances and ideas which have been brought out in this country, 

As this new edition can not help but boom American inter- 

ests, we all unite in the hope that it will be a success. 

eee
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BRUGES (Ill)—George $. Morris, Am Arch, Morehead and G. de Chalmot, J Am Chem 
June 6. 1:00 w. M July, Soc, April. 5800 w. M May. 

BUDA-PEST Millenium Exhibition Alterna- CALIFORNIA Will be a Leader— Min & Sei 
ting Current Machinery (11])—Elec Eng, July Pr, April 18. 3000 w. M June. 
22. “Serial Part 1. 1800° w. CALORIMETER, New Form of Steam (IIl)— 

BUDA-PEST  Conference—Elec Rey, Lond, R. C. Carpenter, Trans Am Inst of Mech 
July 10, Engs, Vol XVIi. 1800 w. M June. 

BUILDING Artistically Considered, The Tall Calorimetry: Methods of Correction for Cool- 
Office—Louis H. Sullivan, In Arch, May,  ing—Silas W. Holman, Tech Quar, Dec. 3500 w. M July. 2500 w. 

Building Bill, Discussion of the High—Arch & CANADIAN Electrical — Association—Elec 
Build, May 23. 2500 w. M July. News, July. 

Building, New Library; University of the City CANAL Boat Towing by Electricity ()— 
of New York (Ill)—Eng Ree, Mch 28. 200 w. Lightning, Apr 30. 
M May. Canal for Connecting the Bristol and English 

Building, Some Observations on Ancient and Channels, Proposed Ship—W. O. E. Meade-- 
Modern—Arthur Dixon, J Roy Inst of Brit | King, Eng, Lond, Mech 13. Serial Part 1. Arch, Mch 5. 2800 w. ‘M May. 1800 Ww. M May. 

Building Stones of Eastern Ontario—Andrew Canal in Wyoming and Colorado, ‘The West 
Bell, Can Arch, Mch. 3000 w. M May. Side Irrigation “and Mining (Ill) E. Meade, 

Building, The Commercial Cable—Rk R Gaz, Eng News, July 30, 
June 5. 1000 w. M July. Canal, Methods of Work and Special Plant on 

Building, The Westfield Bank, N. J. (1M)— cago Drainage (Ill)—Eng Ree, Apr 4, Eng itee, Mch 4. $00 w. M May. Serial’ Part 1, 3800 w. M May. 
Building Without Walls, A (l)—Im Arch, Canal, The Crinan Ship—Eng, ‘Lond, May 15. 
May. 4500 w. M July. 1000'w. M. July. 

Building see Electricity. Canal, The Manchester Ship; and Canal and 
Buildings Commission, ‘United States Public— River Hydraulies—Eng, Lond, May 15. 2800 

A. EF. Tennile, Arch & Build, Mch 21, 2700 w. M July. 
w. M May. Canal, ‘The’ Report on the Nicaragua—R_ R 

Buildings, Failure of—Roger Smith. Arch, Gaz, Meh 13. 3500 w. M May. 2 R Gaz, 
Lond, Mech 27. Serial Part 1. 5500 w. M Mch 20. 1900 w. M May. 
May. CANDLE Power and " Luminosity—W.  D. 

Buildings in the Hungarian Millennial Exhibi- Birchmore, Pro Age, April 15. 4000 we M 
tion, The Historical (IIl)—Areh Lond, Mch June, W May 16. 
13. 1100 w. M May. Candle Power of Are Lamp or other Luminous 

Buildings, New Municipal; Croydon—Brit Sources, An instrument for Directly Meas- 
Arch, May 22. 6000 w. M July. uring Mean Spherical—Elec Wld, “May 9. 

Buildings, © Stafford — County “’ Council—Brit 1500 w. -M_ June. 
Arch, May 1. 3000 w. M July. CANTERBURY Cathedral—Arch, Lond, July 

BULLETS ‘see Blectric Currents. 10. 2000 w. ‘4 
Burgundy, Notes on some Remnants of Medi- CAPACITY—Sce_ Self-Induction. 
aeval—P. S$. Worthington, J Roy Inst of CAPITOL, The Ventilating of the National— 
Brit Arch, Mch 5, 4300 w.’ M May. J. G. Dudley, Designed by Gen, sleiggs, Heat 

CABLE, A New French Trans-Atlantic—Elec  & Vent, July 15. 2000 w. 
Rev, Lond, Apr 10. Serial Part 1. 1880 w. CAR and Line Tests—Pond and Curtiss, Sib 

M June Jour, May. W June 27. 
Cable Communication and the Projected Pa- Car, Budapest Underground Railway—Elee cifie Cable, Colcnial—Elec Rey, Lond, Apr3. Eng, May 27. 

Serial Part 1. 5000 w. M June. Car Builders’ Conyention, The Master—R R 
Cable Coupling, High Pressure (1Il)—Klectn, Gaz, June 19. 10000 w. M_ Aug. 
May 22. W June 13. Car Building, Art in (U)—D Doty, R R Car 

Cable Laying on the Amazon River—Siemens, Jour, June. 3000 w. M Aug. 
Electn, May 22. lee Rey, Lond, May 22) Car, Chicago, Great Western Ry, 60000 1b Pur- 
2500 w. M ‘July. W Elec, July. 18. niture—Ry Mas Mech, June. i400 w. M Aug. 

Cable Specifications and ests—J. A. Jechell, Car Construction, The Progress of American— 
Blectn, July 17. 3000 w. Blee Eng, Lond; 1. S. Haines, Ry Rey, June 20. 3200 w. M 
June 12. Aug. 

Cabie Steamer, Gear for Japanese—Hlectn, Car, Ditching (IlI)—Eng News, May 7. 1500 w. 
Apr 17. Elec Rey, Lond, Apr 17. Elec Eng, Car, Brie Railroad, Postal (11)—Loc Engng, 
Lond, Apr 17. July. 700 w. 

Cable, The Submarine (Il)—Sei Am, July 25, Car for the Erie R R, 80,000 1b Ore—R R Gaz, 
1700 w. June 12. 1400 w. 

Cable vs Electric Traction—Elee Ry Gaz, Apr Car Hire and Movements—W. W. Wheatly, R 
10. 2000 w. M June. R Car Jour, June. 2000 w. M Aug. 

Cable Working, Duplex—Electn, May 15. Car House Construction in Boston )—St Ry 
Cables and their Accessories, High Pressure— Jour, Apr. 1100 w. M May. 
Hetherington, Cas Mag, Sept. W Sept 12. Car Inspectors, Examination of—R R Car Jour, 

Cables, Concentric—Elee’ Rey, Lond, Apr 10. Apr. 1800 w. M June. 
1400 w. M June. Car Law, Supreme Court on the Separate—R 

Cables, Insulation of Underground—EP. J. Gaz, June 19. 1100 w. 
Spencer, St Ry Jour, May. 1000 w. Car of 60,000 Pounds Capacity, Hopper Gon- 

Cables in War’ Time, Submarine—Elee Rey, _dola—Am Eng & RR Jour, May, 500 w. 
Lond, July 3. 5800 w. Car Owner's Responsibility-F. i. Stark, R 

Cables’ see “Inductance Mines. R Cra Jour, June. 2000 w. M Aug. 
Cabling and Serving Machine, Combined (il) Car Owner's’ Stanupoint. The Rules of Inter- 
—Eng Lond, April 24. w. M June. change from the—Maurice, RR Car Jour, 

CALCIUM Carbide and Acetylenc—Jacquin, May. 1600 w. 
L'Eelair Elee, Apr 18. Car Service Reforms—Ry Age, May 23. 2000 w. 

Caleium Carbide in Agriculture—Cosmos, June Car Shops. Piece Work in—G. L! Potter, Ry 
13. W July 18. Rev, Mch 28, 2000 w. M_ May. 

Caleinm Carbide, Manufacture of—Dunlap, Car Speeifieations—St Ry Jour, Aug. — 1800 w. 
W Elec, May 16, 2000 w. W May 23. Car, the Construction of Stecl—Eng News, 

Calcium “Carbide, Manufacture “of-—Electn, “July 2. 2400 w. M Aug. 
June 26. Car, The Question of the Big—R R Gaz, Apr 

Calcium Carbide Plant at Niagara—Dunlap, _10. 1700 w. M May. 
Flee Eng, May 20. CARBIDE—Acetylene Patents, The—Gas WId, 

Calcium Carbide, The Cost of—Hutchinson, “Apr 11,2500 w, M June. 
Elec, May 6. W May 23. CARBIDE of Calcium and Acetylene—Pro Age, 
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PHYSICAL LECTURE ROOM. 

The Physical Lecture Room contains There are two stereopticons, the screens 

seats for 200. Its equipment is the most for which can be raised or lowered at 

modern. The lights are connected with pleasure. The lecturer’s table is fitted 
a stage dimmer by the use of which they with a small Pelton-wheel for operating 
can be regulated to any desired degree of light machinery. There are numerous 
illwnination. By means of curtains con- other conveniences, all of which help to 
trolled by a hydraulic device the room make this an ideal lecture room. 
can be darkened on turning a valve.
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BOILER HOUSE. 

The Boiler House of the University is of those of the College of Agriculture and 

situated back of Science Hall and is the the Washburn Observatory will be heated 
best equipped boiler plant in the state. from this plant. At one end of the Boiler 
There are at present six tubular, two house is the coal pit, having a capacity 

Heine boilers, a Root and a Standard of 1,000 tons. The boilers are stoaked by 
boiler, but two more will be added, mak- the Roney stoaker. The steam is con- 

ing the plant 1500 horse power. The new ducted to the various buildings through 
boilers are to provide for the heating of pipes carried in underground tunnels. 
the new Library and also the old Library The water from the condensed steam is 

and Ladies’ Hall are to be neated from returned direct but the high pressure feed 
the plant. When this is done all of the water is passed through the fuel econo- 
University buildings with the exception mizer. 

a -
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DRAUGHTING ROOM. 

The above engraving shows the interior photograph dces not do justice to the 

of the largest of our three draughting size of this room as there are 150 individ- 
rooms. It is used by the senior, junior ual desks besides cases for filing draw- 

and sophomore mechanical and electrical ings, instrument cases and cases for mod- 

engineers. The room is well lighted, els and specimens. 

having windows on three sides. The 

’ 

OE
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Coil Winding, Computations for—W. Slingo and — Supnly of—Frank Richaras, Am Mach, May 
‘A. Brooker. Elee Rey, Lond, June 5. Serial 7 1800 w. M_ June. 
Part 1. 1800 w. Compressed Air for Street Car Motors—R. 

Goils, Separable Armature (Ill)—William Bax- — Lundell, Elee Eng, June 10. 2000 w. M Aug 
ter, Jr, Am Mach, Mch 19. 2300 w. M May. Compressed Air for Street Car Motors—Haupt, 

COKE and Its Selection for the Foundry, The — Elec ung, July 8 W July 18. 
Manufacture of—W. 'T. Rainey, Abst Paper Compressed Air Haulage—Col Eng, May. 5000 
Foundrymen’s Assn, Ir Age, June 11, 1600 w. —w. M June, 
M Aug. Compressed Air in Car Shops—Wm. Apps, 2 

Coke Drawer, A Mechanical (III)—R. Cook, —R Car Jour, June. 1600 w. 
Trans Am Inst of Min Engs, July. 100) w. | Compressed-Air Victims, Some—Frank Rich- 

Coke Industry, The Vast Importance of (III)— ards, Am Mach, June 18. 1800 w. M Aug. 
John Fulton, Eng Mag, May. 5000 w. M GCompressed-Air—See Traction, Transmission. 
Jure, Compressors, Air on Santa Fé Ry.—Ry Rev, 

Coke Oven Construction—R. M. Atwater, Col — April 25. 400 w. 
Eng, June. 2500 w. M_ July. COMPUTING Instrument, A New (IID)—H. 

Coke Production in 1895—J. D. Weeks, Am Mfr Schuermann, Eng Assn of the South, April. 
& Ir Wid, July 17. 1500 w. 2400 w. 

Coke, Some ‘Considerations as to—Ir Tr Rey, CONCRETE and Steel in Combination, 
April 23. 1200 w. M June. Strength of—Frank H. Constant, Eng’s Year 

Coke, The Effect of Coke Oven Construction Book, Univ of Minn. 2000 w. M July. 
on—R. M. Atwater, Ir Tr Rev, Mch 26. 2500 CONDENSATION, A Study of Initial—A. Ti. 
w. M May. Rice, Sib J Engng, June. 1000 w. M Aug.
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BLACKSMITH SHOP, 

The Blacksmith-shop is located in the students in mechanical engineering. It 
northeast wing of the machine shops. It is used in the heavier forgings and it 
contains forges and anvils for 50 stu- makes possible the working of “scrap” 
dents. The system was installed by the into bars. The work consists of exer- 

Buffalo Forge Co. All of the pipes (both cises in bending, upsetting, welding, etc., 
suction and blast) are underground and also forging and tempering sucu tools as. 

the forges are provided with the anti- chisels, punches and lathe tools. As in 

clinker, dumping tuyeres. The large the other parts of the shop the exercises 

cooling tank is also underground. The must be made-according to the drawings 

steam-hammer which plainly shows on blue-print cards. 
in the cut was designed and built by the
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Condensation, Initial—E, 'T. Adams, Sib J COPENHAGEN, Free Port of—Consular Re- 
Engng, June. 900 w. poss Feb. 9400 w. M_ June. 

CONDENSER, A Self-Cooling—L. R. Alberger, COPPER Assay by the Iodide Method, The— 
Tr A IME, Vol XVIII. 4800 w. M June. A. H. Law, J Am Chem Soc, May. 1600 w. 

Congensts for Steam Engines, The Evapora- eel Cae Sificate—i, Inst Elec Eng, sive —Mach, Lond, July 15. Serial Par Copper Alloy, Silicate—Jour Inst Elec ? 
ching 500, " Serial, Part caley,, WW ddne 13, 3 enemy, £ 
ondenser Oscillations—Topler, st Elee Copper Mines of Lake Superior, The—W. P. 
Eng, Apr. WoMay 9 Pet J Inst Ele ee a atin Jour July ot Serial’ Part 1, CONDUCTIVITY of Cement and Concrete, On _,1600 w.. M Aug. ; the—Dr. St. Lindeck, Electn, April 10.’ 109) Copper Standard—Elektrotechn Zeit, July 2. 
w. M June. P June. W May 2. _W July 25. « Conduetivity concentrated Sulphuric Acid Copper Ore HE caress Spain, Mining aad 
=Guthe and Bangs, J Inst kiec Eng : Treatment of—C. F’. Courtney, Ind & Ir, Me! 
W Sept 5. . St kaec Eng, July. 99 A500 Ww. M Slay. 

* Conductivity of Mixtures of Electrolytes, Cal. Copper Ores in the Peronium of Texas—E. J. 
culations of the MacGregor, Phil Mag. Apr Schmitz, Trans Am Inst of Mining Engs, 

CONDUCTORLESS Roads—St Ry Rev, Apris. July. 2800 w. 
900 w. M June. f * Copper Plates, The Formation of Amalgam— 

CONDUCTORS, — Calculation —of—Bochet, Is, Bayliss, "Trans Am Inst of Min Engs, 
I’Eclair Elec, June 13. W July 18. "duly. 3500 w. Conductors, Calculations’ of—Gosselin, L'Eelair CORDITE—Eug, Lond, Mch 13. 2000 w.  M Elec, July 11. W Aug 15. : - May. 

Conductors Seo Telephone. COL with Eccentric Conduetor, Capacity and 
NDUITS, Cast Iron and $ vare—E Resistance of a—KElec Rey, Lond, Apr 17. 

bl FG d Stoneware—Electn, CORLISS High-Serviee “Low-Duty Beonping 
onduit Construction in Washing E rie Engine of the Providence Water Works, The (UI—St Ry Jour, May. 1200 qetOm Electric Ty Ming tec, Mech 1h. 200 Ww. ML May. Conduits from the Blectrical Standpoint, Eyo- CORROSION of Marine, Boilers, Unusual—H, lution of Interior—Luther Stieringer,’ Blee Maccoll, Engng, July 31. 1600 Ww. keh A 18, 700 w. -M July. ‘ COTTON HL, Hester, Mfrs Ree, July 17. 4000 
onduits of the Rochester Water-Works, Com- ..W: parison of the—Eng Ree, May aM B00 9 NT Cotton. js Bought: and. Sold, How-Mt Ree, une, July 17, 1100" w. 

Conduit Railway—Eng News, June 1, Cotton Mills of Japan—Consular Report, Mar. Conduit Road fn Washington, Operating Ex- 1000 w. M_ June. penses of the—St Ry J, Apr. W May 16, COUNTERWEIGHT System of Providence, 
Conduit System (I1)—Lachmann, Elek Anz R. J.-M. H. Bronsdon, St Ry Rev, April 15. odin (ging 1s. , ane Gold we AL Tune. is -, Becty, 4 onduit System in New York —Elee Ry COUPLER Attachments, M. C. B.--Ry Mas ote, MAY 8 ew Cork (bee Ry ee Fue OO antedd St 
onduit System on Amsterdam ” e, The Coupler Case, Decision of the United States 
Lore (Ill}—Ilee Tey Gas, Aye ee he CO eme Court of Appeals i the. Gould: Conduit, Tests of the Tightness of n Vitrified ,Trojan—Ry Rey, May 30. 3000 w. Harthenware Water—Dabney H. Maury, Jr., Coupler Tests, Some Recent—Ry Age, May 9 Eng News, May 21. 1600 w. Tl Soc of Enes ,200 - . & Surv, 1th An Rept. 4500 w. * Coupler, Thermoelectrie—Mewer, Electrochem 

CONS Soe Rata. sapling Sharps Shaft—Ind & Bast Eng, Jul VES, Segar—Brick, June. 1300 w. Coupling, Sharps Shaft—Ind & East Eng, July 
CONGRESS HALL, Philadetphia, Restoration (4 00 We 8 safety Applt —G. C. Mason, ‘Arch & Build.’ Me “ouplers—See Safety Appliance. ; 

w. M May. wild, Meh 14.4000 GRPNE, Dower Calculation for a ‘Traveling— 
Congress of Electricians at Geneva, Interna. C. I. Griffin, Am Mach, Apr 2. 1300 w. M tional—L'Ind Elec, May 10. W June 6. May. CONNECTICUT River, Flow of—Dwight Por. Cranes, Foundry—A. E. Outerbridge, Jy, Dr ter, Science, Apr. 1000 w. M June. Age, May 14. 1600 w. 
Connecticut Street Railways, Earnings and Cranes, Foundry—Elec Rev, Lond, July 10. W 

perating Expenses of the—S ay . Aug 1. 
opanadlitss y the-St Ry Rev, Apr Cranes, “Traveling--Adamson, Blee Rev, Lond, 

NNECTION for High Tensi Sunn July 17. W Aug 8. 
Serviee—Wlek Zeit, May a ron Currents, ORANK Pins, A Device for Turning Worn— 

Connections, Mechanicai—Francis B. Crocker Loc Ingng, May, 200 w. ‘ Elec Pow, Mch 1, 480 w. M May. P May,’ CRIPPLE Creek Goid Field—Aust Min Stand, 
CONSONANCE—See Electrical. ~ OE June 11. 2000 w. CONSTRUCTION, Greek vs Roman—R. Guas- Cripple Creek. History of (II)—Min Invest, 

tavino, Arch, June 12. 1600 w. M Aug. June 20. 4200 w. M Aug. CONSUMING Devices, The Control by Munici- Cripple Creek Gold Production—E. Skewes, 
pal Authorities of—C. H. Wordingham, Pa- Eng & Min J, July 4. 1500 w. 
per Mun Elee Assn. Electn, June 26. 50909 CROOKES Tube Analogous ‘to the Photo- 

ode MADE. * graphic Action Discovered. by Rocntgen, On 
NTACT System,. Surface a Y, a Mechanica ction Emanating from the— 

Tuy 5. (M)—Elee Jour, AoM Am Sup, Apr i, 800 we AL May, 
Contacts—See Railway. Crookes Apparatus, On a—H. Pfloum, Electn, 
CONTRACTOR-See Architect. April 24. 800 w. ‘L'uelair Elec. July 18. 
Contractor's Fair Profit, The—J. Burnham, Crookes Tube, Charges and Electric’ Figures 

Il Soc of Engs & Sury, 11 An Rept. 4200 w. on the Surface of a—Villari, Electn, July 17. 
Contracts, A Paper on—T. M. Clark, Am Arch W Aug 8. i a 

April 1. 5800 w. M June. ’ Crookes Tubes, Concerning—C. C, Hutchins 
Contracts, The Baltimore ‘and Ohio Equip- and F. ©. Robinson, Am Jour of Sci, June. 
ment—-R R Gaz, May 1. 1200 w. 1300 w. W June 27. | 

CONTROLLER, for Hour-Motor Equipments, Crookes Tube, Conditions of Maximum Power 
The General Electric Series Parallel—Wm _ of—L’Eclair Elec, Apr 7. W May 9. 
Baxter, Elec Wld, July 18. 3000 w. Crookes Tubes, Electric Images without (Il)— 

Controllers, Rheostat and Series Parallel R. K. Dunean, Elec Eng, Mch 11, 200 w. P 
Decker, Rose Tech. June. May. M May. 

CONVENTION and Bxhibition, The New York Crookes ‘Tube for Roentgen Rays—Colordeau, 
—Mercein, Elec, July 29. L'Eelair Blec, June 27. W July 18. 

CONVEYING-Belts and Their Use, Notes on— Crookes Tube, Mechanical Action from—Ryd- 
Thomas Robin, Jr., Trans An Inst of Mim _ berg, L’Ind Elec, Apr 10. . 
Eng, April. 4000 w. M June. Crookes Tube, On a Rotational Motion of
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STEAM ENGINEERING LABORATORY. 

The Steam Engineering Laboratory is trolled by the governor, may vary from 

located in the basement of Science Hall. zero to nine-tenths of the stroke. A Root 
It contains a hot-air engine, a gas engine boiler placed in the boiler house, fur- 
and several steam engines of various nishes the steam for this engine. The 
types. The most important of these is a laboratory is supplied with friction 
fifty horse-power, compound, experiment- brakes, dynamometers, and means for 
al engine, so arranged that e..w.er cylin- testing steam, vacuum, and other gauges; 

der can be supplied with live steam and there are also the necessary tanks, weigh- 

run as a simple engine. The condenser ing apparatus, pyrometers, calorimeters, 

and pumps can be disconnected so that indicators, counters, etc., for making 

the engine may be run as a non-condens- complete engine and boiler tests. An en- 

ing one. Both cylinders and receiver are gine of the type used in creameries has 
provided with steam-jackets which may been placed in the laboratory by the 
be used at will. By means of a Proell Dairy department to enable the dairy 

governor the revolutions can be varied students to become familiar with the type 

from 50 to 125. The cylinders each have of engine they are apt to meet with in 

four poppet valves, and the cut-off, con- practice.
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the Cathode Disk in the—Elee Rev, May 27. Dam, Lifting—A. Stickney, Jour Assn of Eng 
800 w. W June 6. Soc, June. "1800 w. 

Crookes Tube Phenomena—Smith, W Elec, Dam, The Cold Spring N. ¥. Concrete (Il)— 
June 13. W June 20. Eng Ree, July 1. 1300 w. 

Crookes Tube Phenomenon and a Method of Dam—See Kampsville. 
Preparing Tubes—Sestini, Klee Rev, Lond, Dams, Marshall's Bear Trap ()—W. L, Mar- 
May 1. W May 23. shall, Jour Assn of Engng Soc, June. 7000 w. 

Crookes Tubes, Pictographs in the Interior Dams, Masonry, Remscheid and Chemnitz 
of—Metz, L’Ind Blec, May 10. W June 6. Water Works (l)—Eng, Lond, July 31. 900 

Crookes Tubes, The Snape of (Il)—Elec Eng, — w. 
June 24, 500 ‘w. DAMASCUS Gun Rarrels, Belgian—Consular 

CROSSINGS—See Railway. Reports, March. 1500 w. M June. 
CucISKw “buenos Ayres,’ The Argentine Damascus,—Its Architecture—So Arch, July. 
(il)—Engng, May 29. 900 w. M July. 2000. w. 

Cruiser “Garibaldi” (11)—Engng, ‘July 10. DANVILLE Gas, Electric Light and Street 
400 w. . ae Railway Co.—Elec Ind, Apr. 

Cruiser Kherson, ‘The Russian Auxiliary- DAYTON-Miamisburg It. R. (IIl)—Hlee Eng, 
Engng. May 22. 2500 w. M July. July 15. 

Cruisers, Our New (Ill)—Engng, June 12. Se- Dayton, Tenn., Disaster, The—W. M. Gibson, 
rial Part 1. 3300 w. M Aug. Col Eng, May. 3000 w! M June. 

CUA, The Mineral Resources and Railways DEBTS, How to Minimize Bad—J. H. Penney, 
of—lr & Coal Trs Rey, Meh 27. 1300 w. M Gas Wid, May 2. 3400 w. 
May. DECISION, The Social Circle—Ry Age, April 

CULM, Tuc Utilization of Anthracite (I)—E. ~ 11. 1000 Ww. M June. 
H. Williams, Jr., Eng Mag, July. 3700 w. DEFENSE, Naval & Coast—Sci Am, July 25. 

M Aug. | 3800 Ww. 5 
CUPOLAS, Management of—H.  Grindrod, DELANY System of Machine Telegraphy (Ill) 

Foundry, April. 700 w. M June. —Jour Fr Inst, Aug. 2300 w. 
Cupolas and Cupola Practice up to Date—Ed- DELAVAL Turbine and Desrozicr's Dynamo 
ward Kirk, Ir Tr Rev, May 28. 2000 w. in the Edison Stations, New York, The—Elee 

CURRENT, A Simple Method for the Measure- — Eng, Mar 18. 
ment of Electric—I Goto, Elee Wld, Mch 28. DELAWARE and Schuylkill Rivers, The Im- 

300 w. M May. provement of—W. Atlec, R R Gaz, July 24. 
Current by an Edison Station, The Generation 5000 w. 

and Distribution of—J. W. Lieb, Jr, Elec DEMURRAGE Legislation—Ry Rey, Apr 18. 
Key, Mch I. 4700 w. P May. M_ May. 1000 w. M June. 

Current, Charging for—Gilchrist, Elec” Eng, DENTAL Surgery, Some Possibilities of Blec- 

July 1. W July 1. tricity in—Elec Rey, Lond, May 1. 800 w. 
Current Density for Electric Light Mains, The — M July. 
Economical—James Whiteher, Electn,’ Mch pEPEW Shops—N. Y. ©. & H. R. R. R.—Ry 
27. 2800 w. P June, M May. . Rey. June 13, 1000 w. 

Current in an Alternating Arc; A Direct—Gold, DERRICKS, The Design of—B. F. La Rue, 

Zeit f Elek, July 15. W Sept 19. Stone, June, 2500 w. M Aug. 
Current is Generated, How the Electric—Syd- DESIGN, A Question in Mechanical—F. King, 

ney P. Walker, Am’ Gas Lgt J, Meh 23. 1800 “Can Eng, July. 1000 w. M Sept. 
w. M May. DESROZIER’S Dynamo—See De Laval. 

Current—Sce’ Pressure. DETROIT Municipal Lighting | Plant—Elee 
Currents and Water Jets, High-Voltage— ~ Eng, July 29. 1800 w. W Aug 8. 

Electn, May 1. W May 28. DIAMONDS, Phosphorescent—Kunz, Elec Rey, 
Currents, Continuous Generation of High-Fre- ~ June 3. W June 13. 
quency—a'Arsonval, L'Ind Elec, July 2. pIRLECTRIG | Constants, . Determining— 
L’belair Elec, July 25. W Aug 29. . Small, L'Eclair lee, May 30. W June 27. 

Currents ina Cheap and Simple Way for Ex- pjelectric Constants, Method of Determining— 
perimental Work, How to Get ‘Different “Nernst. L'Kclair Blec, May 23. W June 27. 
Kinds of-—F, J. Patten, Am Electn, June. pjelectric Resistance—Drude, L’Eclair Elec, 

1400 w. W July 1 M Aug. June 6. 
Currents. Indicating and Measuring Open-Cir-  ,jelectric—See Potential. 

cuit—Nicolaieve, L’iclair Blec, May 9. Dielectrics—Appleyard, Electn, May 29. Elec 
Currents, Measurement of High IFrequency— Rey, Lond, May 29. Elee Eng, Lond, May 

Meylan, L'Kelair Elec, July i. W Aug 15. 99. W June 20. Phil Mag, Aug. 
Currents, Measuring High-Frequency (1)—  pjeiectries—Duhem, L’Eclair Elec, July 18. 

Gaiffe and Meylan, V'Ind Elec, May 25. Dislectrics, Viscosity of Polarized—Duff, Phys 
Currents, Measuring’ Three-Phase—Dobrowols- ~~ Rey, July—Aug. 

ky and’ Baueh, Blektrotechn Zeit, Apr 2. W_ pI PHTHERIA Toxine, Action of Alternating 
May 2. ; ‘urn —Tjurin, Elektrotechn Zeit, May 

Currents, ‘The Color of Water ag AMfected by | fPrrent en qiurin ileke y 
Conyectional—Seience, May 8. Ww. SATIN TAC Sestenise s 

Currents, ‘Thermal Tnsixuments for “Measur- DIRBET-weeding Systems—Bell, St Ry Jour, 

ing—Friése, L’Welair Elee, July 11. SO cai piace _Pow- 
CURVATURE of Chords iv Truss Bridges, A DIRECTOR of Eigivene Societies Pow 
New vonmuln. for the Eng News, Mech 19. niscHARGE of Bleetrified Bodies by Roent- 

TRV, Degree of (IIl)—Wm. D. Pence, Tech, gen Rays—Perrin, L'Eelair Elec, June oo 
ore sapere’ oF Ge Discharge Phenomena, in “Baritied  Metaiite , 

Curves, New Method of Analyzing Periodic— vanors— 2. es na amt Nay 1k * 
Wedmore, J Inst Elee Eng, Apr. W May 9. , Electn, Arte Sow’ Pose Vac ay ‘On Elec: 

Curves, Simple Method of Analyzing Periodic Discharges papouee Tee Ae tee Kw Se 
—Wedmore, Electn, June 5 int of P ey TOO ete ae I 
Tome oto Bi t of Power, art 1. sD y. 
Ce Mau DISCHARGING, Liquids by Vapors—Schwatbe, 
CYANIDE Processes—Elec Rey, Lond, Apr 17. Blectn, July 24. 
Cyanide Process at the Mercur Mine, the—B. DISCIPLINE Without Suspensions—Ry Age, 

TE. Ganes, Min & Sci Pr, May 23. 2400 w. M _ July 17. 900 w. . 
July. DISCOVERIES at Dahshur, M de Morgan's: 

‘Cyanide Works, Charter _Towers—Aust Min (i)—Sci Am Sup, Apr ll. 1900 w. M May. 

Stand, Mar 5. ‘700 w. M June. DISINFECTING Apparatus, Some Practical 
CYLINDER, Strength of Hydraulic—J. De D Ideas on—San Rec, Apr 3. 1700 w. M June. 

Tejado, Mach, May. 1700 w. M June. DISPERSION, The Electromagnetic Theory 

‘AM, ‘A Design for Movable—B. F. Thomas, _ of—H. yon Helmholtz, Electn, July 24. 
Jur Assn of Engng Soc, June. 800 w.' DISTRIBUTING Hlectrical Energy by Alter-
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WOOD SHOP. 

The Wood Shop is in the second story being elementary, consisting of carpenter 
of the Machine Shop. There are thirty- work, turning and later some pattern 

two lathes all of which were built at the work. Each is required to use his own 

University. There are also the same num- patterns for the exercises in moulding. 
ber of benches so that sixty-four students Blue prints of all the exercises are fur- 
may work at one time. The freshmen nished and the students are required to 

begin their shop practice here, the work follow the drawings. 

meetin =a iW sc __
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nating Currents, New System of—L’Ind Elec, Dynamo Regulation, System of—Elee Pow, 
May 10. W June 6. Apr. 2009 w. M June. P May. 

DISTRIBUTION of Energy, New System of Dynamo, The Selection of a—Poole, Amer 
Electric ()—Ferrasis and Arno, ‘L'Eclair, — Elec, July. W Aug 1. 
July 4. Dynamo, Theory of the Alternating Current— 

Distribution Plant, Monoclynie (Il)—Jour of — Goldborough, Phys Rey, May—June. Bloc: Dynamos (I1)—Boistel, Likclair Klee, Apr 25. 
Distribution System—Gutmann, Elec Eng, Dynamos, Action of Iron in—Potier, L'Elec, Tune 24. June 6. 
Distribution System, Alternating-Current (IH) Dynamos at Woolwich, Combined Alternating 
—Blec Eng, June. 3. and Continuous — Current—Moffett, lee 

DISTRIBUTOR ll)—Electn, July 3. Elee Lond, Aug 28. W September 19. 
Rev, July 3, 22. Elee Eng, July 3, 22. W Dynamos, Concentric Coil—Berthier, L’'Eclair 
July 25. Elec, Apr 25. 

DIVIDING Tools, Some (UI)—A. H. vieaver, Dynamo Construction—J. B. Hall, Can Eng, 
Am Mach, May 7, 800 w. M June. "May. 1300 w. M July. 

DOCK on Lake Superior, A Great Coal—Sci Dynanios, Design of—G. F. Sever, Elec Pow, 
Am, Mch 28. 400 w. M May. Mch. P May,” 2500 w. M’ May. 

Docks and Docking Appliances, Recent Im- Dynamo Electric Machinery, Notes on the De- 
provements in (il)—Kng, .Lond, June 19, Sign and Manufacture of—C, H. Chalmers, 
Serial Part 1. 2800 w, M Aug. Engineers Yr Book, Uniy of Minn, 1200 w: 

DOME, Plate Girder Construction for Large | M duly. 
Church ()—Eng Ree, July 25. 300 w. Dynamo—Electric Machines, Alternate Cur- 

DOORS in Mines—Jas ‘Blick, Col Eng, July.  rent—Hopkinson and Wilson, Elee Rev, 
2000 w. M Aug. Lond, May 29. W June 20. 

Doors, Water-Tight (II)—N. Soliani Engng, Dynamos, Bnergy Losses in—Corsepius, Elek- 
Meh’ 27, 3000 w. M May. trotechn Zeit, Aug 6. 

Doors, Water-Tight and Their Danger to Mod- Dynamos, Faults. in~Am Elect'n, May. 1700 
erm Fighting Ships—Charles ~Lteresford, _w. M July. Am Blectn, Aug. 
Engng, Mch 27, 3000 w. M_ May. Dynamos for Telegraph Working—W. Slingo 

DRAINAGE and Sanitary Equipment of the and A. Brooker, Elec Rey, Lond, May 1. W 
Hotel Cecil—Builder, May 9. 1800 w. M _ May 23, 2400 w. M July. 
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LIBRARY OF WASHBURN OBSERVATORY. 

The Woodman Astronomical Library, By provision of law the results of im- 
established in connection with Washburn portant investigations conducted at the 

Observatory, and supported from the in- Observatory, are published by the State, 
come of a fund given by the late Cyrus and under this provision nine volumes, 

Woodman, Esq., possesses a large and val- representing the more important work 

Hoe ada CUE upon astronomy done here, have been issued.
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crete, On the—Dr. St. Lindeck, Blektrochem Soc, June. 
Zeit,Mar 19, Electn, Apr 10. P June. ELECTRIC Plants, Municipal Ownership of— 

ELECTRIC |Current, Cliarging ‘for—Lewis, Edit, Elee Eng, July 1. 1400 w. M Aug. 
Elec ng, June 17, W June 2. Electric Plants, “Storage “and Reserve in—Mr. 

Electric Current, Charging for—Elec Rey, — Maxsenbach, Elektrotechn Zeit, Apr 23. 
Lond, July 10. W Aug 1. Electric Plows—Electn, June 26." W July 18. 

Electric Current, Chemical Effects on the— Electric Power and Light Plant, An’ Interest- 
Gordon, Elec Pow, June. ing—Prac Eng, June 12, 2800 Ww. M Aug. 

Electric ‘Current in’ a Conductor—Silberstein, Electric Power for Mines and Iron Works— 
Electro Chem Zeit, June. Carl Plankbuch, Am Mfr & Ir Wd, May 1. 

Electric Currents in Mine Surveying Instru- 1100 w. M June, 
ments, The Action of—W. Lenz, Eng & Min Electric Power, Long Distance ‘Transmission 
J, Apr 18. P June. W May 23. of—T, AL W. Shock, St) Ry Rev, May 15. 

Electric Currents, (Vertical Earth—Reucker. 1100 w. M July. 
Proc Lond Phys’ Soe, Apr. Electric, Power “fransmission Plant, The Fol- 

ELECTRIC Discharges in Vacuo, Effects of 2 som Sacramento Uli)—Eng News, May 7 
Strong Magnetic Field on—Swinton, Klectn, 1100 w. M June, 
July 10. W Aug 1. Electric’ Power—Sce Power. 

ELECTRIC Dredge—L'Eclair Elee, July 18. Electric Propulsion by Subterranean Conduc- 
ELECTRIC Driving for Works—Daniel’ Adam- _oys—Sci Am Sup, May 2 1500 w. M June. 

son, Col Guard, Mech 20, 2300 w. M May. ELECTRIC Railroad” Experts, New York 
ELECTRIC Eleyator, ‘Test of an—MacGregor — State Civil) Service Examination for—Elee 

& Kingsford, Elec ‘Eng, July 20. W Aug 8. Eng, July 8. 500 w. 
ELECTKIC ~Endosmose” of” Tannic Acid Electric Railroads, Bridges for—Stowell, RR 
‘Through Hides—Roever, Jour Inst Klee Eng, — Gaz, Elec Rey, July 22 Wo Aug 1. 
May, W June. - Electric Railway "and — Urban | Growth-- 
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_ May 25. 40 Ww. . . Glucinium for Leading-in | Wires—Elee Eng Gas pes ang Steam, Rollers Norton {ee Ham "bond, Stay 1. Wo sty 23 8, 
shrys, J Gas Let, Men Sl. 3000 Ww. MoMay.  GOp-Lowerine Ls BAe “ator Take 
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—C. W. bildt, dr Age, Apr gu. 130 we M Col Guara, Apr 24. 1200 we. M June. 
Tac. oN Ages APE SU. TOO WM Qs ati Seo Shaft Sinking. 

Gas Producer, The Kitson Ui)y—Ir Age, Apr COLD. An Age of—Aust arin Stand, Feb 6. 
30, 24bu Ww, "M. June, Eu we Maat. Gas Producers, ‘The Miliciencies of Charles &, Geld and Bromine Process, The Cassel-IHinman Jenkin, Col Guard, Meh zie Serlad lack 1 PC. Metihinery, Jour Am Chem Soc, May. 
2800 wl Mt May. 2200 we M June, 

Gas Sales on Fuel and illuminating Account, Gold and) Silver, Notes on the ILydro-metal- 
Diagrametric Gutlining of—am Gas Let dour, lurgy —W. G. Waring, Eng & Min’ Jour, May 

Gas, Selling—Uenry 4. Doherty. Ain Gas 200 we OM June, 
Let J, Ape 6 Serial Part 1.) 36) we MM. Gold” Beit of Gunnison County, Colorado. May. wonge, Minn & Sei Pr, duly 25. 1500 W. 
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London wargana--Gasx Wid, May 16° uw. -Blee’ Rev, Lond, May 8. Wo May 30, 
M July. Gol bxtraction, Compicte and Cheap—C, Grol- 

Gas. The Popularization ofA, Dongall, Gas let. Min sour, Aproas. 2500 we M June, 
Wid, June 13. satu we M Atg. Gold Extraction, Improvements in—H. LL. Sul- 

Gas Well, Notes on a Breathing (bl. W. tnan, Inst Min & Met Lond, Vol lil Pt UL. 
Fairbanks, Serence, May S. 900 Ww. (EEO WOM Mg 

Gas ys. Electricity as an Investment for Gold. in Course of Preparing Jewelry in Ben- May 11. S00 Ww. sal The Waste of—1, 8. Chakrabarti, | Ind 
‘Towns—Troughton, Elec Eng, Lond, Apr 4. eng. Mau V4. Serial Part 1. 2000 w. M June, 
lee Rey, Lond, Apr 24, Gold in Granite, An Gecurrence “of Free-— GASES—Sce luxplosive arixtures, George I. Merrill, Am dof Sci, Apr. S00 w. 
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tin, Jour Assn of Engng Soc—dune. lw) w. Gold in’ Granite and Plutonic Roeks—Wm. 
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Ms Gold in New Zealand--Min Jour, Apr 4d. Serial 

GEARS and PINIONS, A Study of the Causes 9 Part 13°60 w. M June. 
Which Lead to Breakage of St Ry J, Apr. Gold in South Africa, ‘Tho Deposition of—Am 
Serial Part 1. 1800 w. M May, Geol, May. 7000 we) M June. 
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dip—Elee Rey, Lond, Apr di. 40 ow. M Jour, July 18. 2500 w. 
Tune. Gold Bield, ‘Phe Ballarat—Aust Min Stand, 

Gear Question, ‘The Draft—Ry Mas Mech, May. 9 Mch 19. Serial Part 1. 1200 w. 
1100 ow. Gold Pield, The Opening up of Our Big—Dan 

GEISSLER and CROOKES Tubes, Phosphor. Ue Quille, Eng & Min Jour, June 6. 2400 w. esence and) X-Rays in—Campanile and Gold Field. The Victorian Alluvial—Aust Min 
Stromei, Elec Bng, une 24. Stand, Feb 6. 2400 wo M May, GENERAL ELECTRIC- WESTINGHOUSE Gold Pields, Coramba Creek— Aust Min Stand, 
Combination—Elee Rey, Mar 18. Po May. Mar 26. Serial Part 1. 3000 w. M~ June, 

GENERATION and DISTRIBUTION of Cur Gold Fields of Alaska, The—Robert Stein, Rey 
rent by an dison Station, The—J. W. Lieb, (of Rev. June. 2000 w. 
Jr. Wiec Plant, April, 1.’ May. M May. Gold Fields of Ecuador, The Placer—Min Jour, 

GENERATOR, Dr, W. OW. Jacques’ Carbon May 16. 1200 w, , 
Electrical—Klec, June 3. 900 we M July. Gold’ Fields, The Yalgoo—Aust Min Stand, 

GENERATORS Run as Slotors—William Bax- Mar 5. 1100 w. Mune. 
ter, I, Power, May. S400 w. M_ June. Gold Lode, The World's Greatest—Dan De 

Generators in Parallel, The Operation of Com- Quille, Min & Sci Vr, Mech 7. 3500 we. M 
pound Wound—J. BE. Woodbridge, Elec Ry | May. 
Gaz, April 25. 2600 w. M June. W May 9. Gold Milling, Notes on—E. B. Preston, Can 

Generators, Steam Engines for Direct’ Con- Min Rev, April, Serial Part 1. 12000 w.” M 
nected Electric (ib—. A. Sperry, Jo Assn June. 
Engng Socx, May. 2200 w. M Aug. Gold Milling, Recent Improvements in—H. M. 

Generators. The Nibley College Multi-Phase— Chance, Eng Mag. June. 3900 w. 
Sib J of Eng, June. (900 w. M Aug. Gold) Mines, Russian—Mach, Lond, Mch 15. 

Generators, Winding for Motor—I’, M. Heldt, 2000 w. M May. 
Blee Wid, July 1s. 860 w. Gold Mining Activity in Colorado—T, A. Rick- 

GENEVA—Sce ‘Electrical. — International. ard, N Amer Rev. Apr. 3000 w. Mo May. 
GEOMETRY in Connection with the Stability Gold Mining and Milling in the Black Hills— 

of Ships, Some—J. Bruhn, Engng, April 10. °C. G. W. Lock, Inst Min & Met, Lond, Vol 
4300 w. M June. WE Pt UW. 2800 w. M Aug. 

GEOLOGICAL Formations of the United King- Gold Mining in Colorado as an Investment— 
dom, On the Industrial Products of the—Col T. Tonge, Min Jour, July 25. 1800 w. 
Guard, June 1z, Serial Part 1. 8000 w. Gold) Mining in Georgia —B. M. Hail, Eng 

Geological Formations Trayersed by the Prin- Assn of the South, April. 1600 w. 
cipal Rivers of England—J. Dickinson, Col Gold Mining in Rhodesia—W. 'T. St Auburn, 
Guard, July 24. 2000 w. . Min_& Sci Pr, Mch 28. 2700 w. M May. 

GERMAN Society. of Electrical Engineers— Gold Mining in Rhodesia—W. Fisher, Jour Soe 
Elec Rey, Jaly 15. of Arts, July 3. 4000 w. 

German Union’ of Electrical Engineers—Flek- Gold Mining in the Appalachian Pelt—\v. HH. 
trotechn Zeit, July 23. Elec Eng, July 3. ‘Adams, Eng & Mind, July 4, 2000 w. M 

GLACIAL Gravel and Sand in Southern Michi- Aug. 
gan—C, Hunricu, Trans Am Inst of Min Gold Mining in West Australia, The Present 
ings, July. Position of—C, Schmeisser, Min Jour, June 

GLASS, The Manufacture of Cut (111)—Charles 20. Serial Part 1. 4500 w. M Aug. 
I. Garlic, Safety V, Mch. 3000 w. M May. Gold Mining Industry in Georgia and Ala-



268 The Wisconsin Engineer. 

Xa peo? BLY CLS és wee ee 

| aN @© J yo Sy Ne 
| " Dyce. a fy 

‘fll te cg AG bi U faery 

Lit ho ee tty oh 
ge i Cpe Nk 
mo ee al 

>, Re eae ca S 7 i ee RRR ce a 
tay «1 y ARERNEG 4 on! oe 
sme S BVO Se 
6 UT bey, jt eG 
x W, CI ay Sr fe” € Ll — Nes 

e in i eS, ee ae Boa uy & 
Go Pics Ba Lf 

ON eae Bai cert BN Ne bi 

(Cee oo aS. Te, 
SS eehG N eae ae Nae) a 

4 IN oe CLG) MD . 
FLAW RUE mM ee 

CN | ah 
aM > ne ve om ike a <i eA Ce, ORR ssedbpsnhh i” WS ROU ibe! ea. 

ig cl Seen Vee gt ee. Po ee tA woe) 
a Ne ied BOS, = ie a Co a S) » y= ee ee Ce 
ee ig. Gee i) Qe 

jo EME el ag Si 4 v “at 
ihe Ore Ch TG fe i ae ae



Index of Engineering Literature. 269 
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he Concentrater from a Nova Scotia—Kich- Heating “and. Ventilation’ of the Fitchburg 

ard W. Lodge, ‘Lech Quar, Dec, Sw w. M High ‘School ()—Heat & Vent, June 1 
: - on S00 w. M. Aug. 
Gold Ores, An Improved Method of Extract- Heating’ and” Ventilating Vlants in the Sut- 
see ust Min Stand, July 2. 1500 w. 9 M. folk Connty Court House and the Massachu 

Gola Ores, An Improved Process of Extract: Sar dea ra Sete we NM yune, 
ing W. Al. Grogveoe, Bug & Miu I, May". Heating by Means ‘of Electricity—Hlee Tech, 

1300 w. M June. W May 16. _ duly 81. W Sept 5. 
Gold Ores by ALS of Stone Treatment of eating Carriages on the Hastern Railway of 
Hoasted i, W. Lodge, ‘Tech “Quar, Dew. France Engng, June 9. Serial Part 1, "3000 

. M June w. M Aug. 
Gold Ores, Improvements in the Dressing of— Heating, Electrie—E, Puchta, Elec Eng, Bile, Ca Min Rev, Meh, 6000 a. ME rok sti Picci E. Puchta, Elee Eng, June 

May, | . . os . Texting, German  (l)—Dom Engng, June. 
Gold Production, Cost of—Eng & Min J, Apr Serial Part 1.1500 w. M) Ang. ane 
By ee icone! wee: of. ibe Onl Heating in a Rochester Residence, Indirect 
eid, the Geologienl Age of D.. De Quille, Hot Water ()—Eng Ree, Meh 28, 500 w. 

Min Jour, July is. : M May. 
Gold, The Land of—Trans, June 12. 2509 w. sating, Mi Heat & Ve ey 
GOVERNOR, A Cheap and’ Reliable Exhaustive Benen i (i)—Heat & Ven, May 15. 2000 
we suenen Am Gas Lgt J, Mch 23. 800 eating of Medical Baths at Bellevue Hospi- 

GOVERNOLS, miywasel_ceorge o, ata, Gill WWD Bp Mec, dune 20 ly, A ous. 
chett, Elec Wid, Apr 11. 1600 w. M May. dine tec, Mech 21. 1200 we M. May e 

GRADE Crossings in Newark, N.J., Plan’ for jyyeating, On Church (Il)—H. B, Prather, Dom 
Removing (1)—R R Gaz, May 29. "900 w. Engng, April. 2500 w. M dune. , “ 

GRADES. Asconding—Voster,” St Ry Jour, qyeating’ of the Lords’ Court Building (1Il)— 
Glades, the Uses of Momentume-NE Gi, Rays gr olb at Tae Ae Me ae “water 
mond, RR Gaz, April 17, 1100 w. M_ June. ()—Heat & Ven, Meh 15. 1400 w. M May. 

GRAPTING, Cast Iron—W. Hayden, Foundry, jyeating Plants, Steam—Sta Eng, May. 2800 w. 
July 30, 400 w. M_ Sept. SR rent tonne Sead) Se : 

GRASS Miller, Hlectric—Wallace, Elec Rev, Heating. Surface, Incxense of, in Hocomarived 
SG tN arse sce natecas soe Tam —C. W. Whitney, Ry Rev, ‘April 25. 2500 w. 

CRB EN HOT RE. Building a—Il Car & Build, jyeating, The Drop Systems of Steam—Thomas 
GhOENDS See" Alternating Current. Barwick, Heat & Ven, Meh 1. 2000 w. M 

GUARANTEES Impossible—Eng Rec, Mch 14. yeating the Law Court's Branch of Lloyds 
GUNES WIRES’ A German Substitute foc B&Bs: Himited, London, England (l}—Heat 

ARD WIRES, A German § & Ven, May 15. 1700 w. M July. 
GRE SE Be Het pe th. GDh A dane: Heating’ with Exhaust Steam, Economy of— 
Guns, Automatic. Piring—Hiram 8. Maxim, 7 Git Coe ee omni Titectrie 

Quick Firing (1)—Engng, May 1.0 1400 w. 7 TBAT. Light and Power Supply for. Build: 
Guns, Automatic, Piring “Hiram S. Maxim, “ings, Eeanomical-—G. A. Gerdtzen, Wis Eng, 
CON Oe Ree ae ee is oo 9 HEINRICIEERG Canal Litt, ‘The Gm— XPSUM, Nova Seotia—Can Min Rev, Meh. Ene, ond, Apeil 11800 W.-M June, 

MMOSTAT Elec Eng ay 09 yy HELIUM—See Argon. 
A EMOsr ar Blee Eng, Lond, May 22. W HERBERTON, Ny Q,, Mining in—J. Munday, 

Beny 3 i emai Min Jour, Aug 1. 2800 w. 
BALE Flenemenon, Be Bismuth Gsper- HIGHWAYS of Massachusetts, Specifications 
pens on Wonay pe hehe. Bec, ADP U). forthe State—Eng News, April 9. 2200 w. 
sane: May 2: M June. HAMBURGH—Electn, June 10. PITTORE Tube—Sce Electric Ima a a cu, wane . a : FB —See Ele ages. 

Hamburg, Free Vort of—Consular Rep, Feb. WOLLAND'S | War with the Sea—Tr Assn 
Hamburg, | The ‘Mal tig zoeition and_ the Gy, Bnes of “Cornell: “Luly; June” 8000) 

-rincipal Features of the Port of—F. A. 310,0LLIANE Globes—See Lighti a eS bes ss i. Ai . ANE G s Lighting. 
Meyer, Paper Inst ‘NiviAreh., “ug, ‘Lond, HOISTING Machinery (I)—W. M. Morris, 

a les 7 a oR Zealand _.Col.Eng. July. 1700° w. 
TEARBOR, Development in New Zealand yyo\g-WAKING, The Architecture of (I)— Trans, Apr 10. 3000 w. M June. CEB Dae Mage July. 3800 W.-M 
Harbor, Mallaig Railway and—Eng, Lond, yg.” emhony Ape sie July, 16000 owe 

ay 15. 1500 w. Ras They 
Harbor Works at Tampico, The—Trans, Apr 3. HOMES, Our; As They Are and as They to00 Ww. AL June. Ought to Be—John Balbimnie, Il Car & 
WAULAGE at a German Colliery, Electrical— _ Build, May 15. 2000 w. M July. < 
Herr Koepe, Col Guard, July 17. 1200 w. HONOLULU, | Four-Masted Steel Schooner 

WAUSMAN for London, A—Hl Car & Build, (1I)—Am Ship, June 25, 800 w. M Aug. 
July 16. 2000 w. FTORSELESS Carriage, Evolution of —the— 

HEAT Conductivity, Laboratory Note in—J. Spalding, Cas Mag. Apr 2 
Pennock, Trans Am Inst of Min Engs, July, Horseless Carriage—See | “Carriage,’? ‘Moto- 
700 w. cycles,” and “Vehicles.” - 

HATING, Air Pump and Ejector in Steam= Horseless Vehicles—L'Ind Elec, July 2%. 
G. W. Scott, Ir Tr Rev, Mch 12. 1300 w. M HORSE-power and Floor Space—Cas Mag. 
May. June. W June 27. 

Heating and Ventilating a Brooklyn Church Horse, ‘The Pull of a—Elec Rey, July 17. W 
and Chapel—Eng Rec, May 9. 1100 w. M _ Aug 8. 

Tune. HOSPTLALS in Europe, Modern (Ii)—A, de 
Heating and Ventilating of a U. $. Custom — Calorne, Arch Rec, July—Sept. 8000 w. 
House (UIl)—Eng Kec, Apr 4. 1000 w. M_ Hospital, South Calcutta. “Bhowantpore (l)-- 
May. nd Engng. May 2. 2000 w. M July. 

Heating and Ventilation by the Hot Blast MOT Blast Stove, The Ford and Moncur—
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Benjamin James Wall, Col Guard, May 8 SNCANDESCENT Lamp Filament, Photo. 
1800 w. graph of an—Cassels, Electn, Apr 24. W 

Hot Boxes avd Their Causes—Pro Cent Ry | May 16. 
Club, March. 5000 w. M June. Incandescent Lamp Filaments—Delahaye, L'- 

Hot Boxes, About—Loc Engng, July. 600 w. Eclair Elec, No 6. Jour Inst Blec Eng, 
HOTEL Cecil, London, England (Gilj)—Arthur — May. W_ June 6. 

Lee, Stone, Mech, 400) w. M May. _ Incmidescent Lamp Filaments, Photographs 
Hotel Cecil—Plumb & Dec, Apr 11700 w. M__ of—Elec Eng, June 3. 
June. Incandescent Lamps, xhausting—Zeit f Bel- 

Wot Piessures with Electrically Heated Gloss eucht. Apr 20. W May 23. 

Boards—Elec Lond, July te . Incandescent Lamps, Life of—Smith, Elec 
Hot-Water Heating | and Ventilating of the — Rev, Lond, Apr 10. W May 2. 
U.S. Post Oltice Building at Lowell, Mass. Incandescent Lamps, Non-Blackening—HElee 
(i)—Eng Rec, May 16. 1400 w. M July. Rey, July 24. W Aug 15, 

Hotawater’ Heating in a Bawimore Building Incandescent. Lamps,” ‘The — Welsbach | and 

dij—Eng Ree, July 4. WO we. M Aug. Other—G. Barrows, Pro Engs Club of Phila, 

HOUSES in Paris, City Apartment (Ij—Arch July, 50c0 w. 
Rec, April—June. 6000 w. M June. Incandescent Lamps with Alternating Cur- 

Houses of the English Suburbs and Provinces. rents, Series—L'Ind Elec, July 25. 
The Smaller-—Banister, Pletcher, Arch Rec. Incandescent Lighting, | High-Voltage—Am 
April—June, 6400 w. M June. | Elec, Aug. W Aug 29. 

HOUSTON, Kennelly and Kinnicutt, The Re- INCREASING the Striking Distance of a 

ply—Pro Age, July 16. 3000 w. Given E M F—. Thomson, Elec Eng, June 

yUMIDITY of Southern Kngland, ‘The Rela- 24. W July 4. 
tive—Bos Jour of Com, July 25, 5300 w. INDIA Rubber Supply, The State of the—Elee 

HUNGARIAN National Exhibition—Col Guard, “Eng, July 15, 1800 ww. 
July 3. 2500 w. cae INDUCTANCE as a Negative Capacity in 

HYDRAULIC Engines—See “Engines. Submarine Cables—A. Dayidson, Elec Eng, 

[lydraulic Formulae as Determined by Flow July 8.350 w. W duly 18. M Aug, 
Meirements inthe Diversion. Channel of TXpUCTION Coeflicients, A New “Method of 

the Desplaines River for the Sanitary Dis- Increasing—Andrreissen, Klek Zeit, July 9. 

trict of Chicago, Coeflicients iIn—W. ‘TE. Keat- Tyduction Coils, Self—Wien, Electn, July 24. 

ing, Jour of W. Soc of ngs, April. 38 w. Induction Curves—See ITysteresis. 

M July. = , . . Induction, Fundamental Laws of—L'Ind Elee, 

Hydraulic Ram for Use in Public (Water May 25, 

Works—D. Mead, Hl Soc of Engs & Surv, Induction, Series of Magnetic—Potier, L'Ind 

11 An Report. 2800 w. M Sept. : Elec, June 2%. L’Eclair Elec, June 6. L’- 
Hydraulic Rams—UN) Carl Pixis, Eng & Min Elec, Jume 20. 

J, June 20, 1000 w. M Aug. INDUS and the Best Way of mbanking it, 
Hyaraulic Shield for Shallow ‘Tunnels WIb— “pe River—Indian Forester, April. 10800 w. 

jong News, July 9. 1100 w. M Aug. M Aue. 
Hydraulics, ‘he ‘Theory of Energy in—L. M. INDUSTRIAL Interests in Electricity—Stock- 
Hoskins, Wis Eng, June, 1500 Ww. bridge, Eng Mag. September. 

Hydro-blectrie Installation, ‘The Rhone UM) TNERTIA “of “Matter,” An Wiectromagneue 

fingng,, April 17, 3500 w. M June. Theory of the—Edwin J. Houston and A, B. 

HYDROGEN—See Electrolytic. 2 Kennelly, Elec Wid, June 6, 2000 w. M 

HYGROMETER, The xe of the Wair—C. Jui, 
‘Trowbridge, Science, July 1, 1100 w, INFIRMARY, ‘The Halifax New (Ill)—Areh, 
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son, Phil Mag, July. W July 25, Elec. July TNPLUENCE Machine Discharges, Influence 

15. "600 we of Light. on the Character of—Elster and 
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W. Sprague, Eng & Min J, July 4.” 800 w. Locomotives, A Substantial Indicator Rigging  , 

Locomotives, Advantages of Raising the Cen- “Tso Gij—aAm Eng & RR Jour, June. 800. w. 
-  ter_of Gravity of—Ry Rev, Meh 28. 1200 w. Locomotives, Baltimore Tunnel—Dunean, Elec 

M May. “ Rey, Apr 29. W May 9. 
Locomotive and Other Matters, A Ride on a@ Locomotives, Comparative Test_of Compound 
Compound—R KR Gaz, April 24. 600 w. M “and Simple—W. 8, Hanson, F. I. Hartwell 
June, . . - and EK. W. Meyer, Wis Eng, June. 250 w. 

Locomotive, A ‘Twelve Wheel—Eng News, y,ocomotives, Compressed Air—Ry Age, April 
June 18. 500 w. . . . 25, 400. w. : Locomotive Boiler Construction, Safety in— yoeomotives, Economical High-Power—James 
Edit, Eng News, July 9. 1200 w. M Aug. Dunlap, Eng, Lond, May 15. 1400 w. 

Locomotive. Boiler’ with Mason’ Work Fire- pocomotives, Hlectric—Elec Rey, Lond, July 
box—Am Eng & RR Jour, May. 1800 w. 10. 400 Ww. 

Locomotive Building in Japan—Eng, Lond, pocomotives, Is It Good Practice to Use Blank 
July 17, 1400 w. " Drivers on—L. HB. Molineux, N Y R R Club, 

Locomotive, Compound Switching (I)—-RR  yfay 21, 9400 Ww. -M Aug. 
Gaz, Apr 24, 1000 w. M June. 5 Locomotives, Relations Between Boilers, Cyl- 

Locomotive, C, RT & P Ry, New bast Pas- “jnders and’ Weight on Driving Wheels of—M. 
senger—Ry Mas Mech, June. 300 w. Demoulin, Ry Rey, June 13.” Serial Part 1. 

Locomotive Counter-Balancing—Eng = News, 9999 ww. Ms Aug. ; 
July 2. 1000 w. . ; , Locomotives, Ribbed Tubes for—Ry Rey, April 

Locomotive Details, Boston, & Maine RRO 95°" 1690" Ww. 
H K—Loc Engng, May. 450 w. . Locomotives, The Form of the Exhaust Jet 

Locomotive Driving Wheels, The Destructive ““VO"Gcomotives—J. I. Deems, Eng News, 
Action of—Sci Am, May 2. | coo _ dune 4, 2100 Ww. 

Locomotive Electric Mine—Elee Eng, Sept 2. Locomotives, Types of High-Speed (II)—Ry 
Locomotive Engines, ‘The Fire-boxes of—Bug, “Stas Mech, May. 900 w. . 

Lond, May 8. 1700 w. LOGARITHMS, ‘fhe Use of—C. KK, Jackson, 
Locomotive’ Exhaust Pipes and Smokestacks. “any Mach, Meh 19. Serial Part 1, 1500 w. 
Experiments with—-R Ro Gaz, Meh 20,. 4900 3P May, , 
w. M May. LONDON and Northwestern Railway, Jubilee 

Lovomotive, Extended Front Buds of—Loe oe AV paley, ROR Gaz, July 17. 1100" w. 
Engng. June, 2200 w. . . London Churches, Old | (1)—Geo. H. Bireh, 

Locomotive for Contractor's Use, A Geared “Builder, June 6.3700 w. M. Aug. . 
(di)—Eng News, May 21.800 w. of LOOKOUT Mountain, New Incline up—St Ry 

Locomotive for the Elevated Railways of New “Rey June 15. 2200 w. 
York—Eng News, June 18. LORENZ Apparatus (IIl)—Elee Rey, Lond, 

Locomotive. Grates-Am Eng & kk Ro Jour, “yyy io, Blectn, June 26. . 
May. 2500 w. ; LOSSES in Continuous-Current Machines, Ex- 

Locomotive. THeilmann—Dronin, L'Elec, July “perimental Determination of | the—eidner, 
4 W July 25, Elec Rey, Lond, duly 30. Wo Brextrochem Zeit, Apr 1. W Mav 9 
Aug. 1, . LUBRICANTS, A New Method for, ‘Testing— 

Locomotive in France, The Present Status "aul MacGahan, Elec Wid, May 30. 900 w. 
of the Compound (II)—R R Gaz, May 22 jr July. . ; 
Serial Part 1. 2200 w. | Lubricant for Railway Axles, A New—Eng, 

Locomotive in Suburban Service, A Compound Lond, June 19. 800 w. M Aug. 
—RR Gaz May 22. 500 w. a LUGANO, 'Three-Phase Traction at—Elektro- 

Locomotive in Ten Days, Painting a—A. techn Zeit, Apr 30. Wo May 23. 
Ashmun Kelly, Ry Mas Mech, May. 1600) LUWINESCENCE—See Roentgen Rays. 
w. M July. . LUMINOUS Fountain, ‘The Adamoff—Elee 

Locomotive Jacket Pattern for Gusset Sheet “Png. Apr is. Po May. 
for—Met Work. May 2. 1000 w. M June, MACHINE, Designing. | Notes on Tohn H. 

Locomotive, Mining (l)—lng & Min J, May M Barr, Eng’s Yr Book, Uniy of Minn. 1400 
23. Elee Rev, July 1. W July 1. w. M July.
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KINGS 

Exhaust and Water Separator. 
i) 4. 

REMOVES ALL _ ee. , REMOVES ALL 
sf = a OIL 1 | aa Y WATER 

FROM e FROM 
EXHAUST. ea LIVE STEAM. 

i 

Six of these separators are in use in the University of 
Wisconsin Buiidings. 

Three Separations, No Back Pressure. Satisfaction Guaranteed, 
Send for circulars and prices to 

. KING & WALKER CO., Mfrs., 
623 E. Main Street, 

Madison, Wis. - 

GALENA OIL WORKS | The Robert W. Hunt & Co., 
(LIMITED.) © eo °0 

B ° PRANICLIN, PS, ureau of Inspection, 
° 

GALENA ous anc tue | Lestsand Consultation. 
NO. 80 BROADWAY, NEW YORK. 

STANDARD LUBRICATING 1137 THE ROOKERY, CHICAGO. 
OILS OF AMERICA. PARK BUILDING, PITTSBURGH. 

; / ; INSPECTION OF.. 

out a hot bos, Gold test 10. to 20 de Steel Rails, Splice Bars, 
: grees below zero, Galena Oils run all e Railroad Cars, Wheels, 

the lightning trains of this country. 
"We also suppiycour putrong with’ Gas Axles, Etc. # # # ® 

lena Air Brake 0.1, perfectly pure and — 
free from gum, 

CHEMICAL LABORATORY. . 
— Analysis of Ores, Iron, Steel, Oils, Water, Etc. 

PHYSICAL LABORATORY. 

CHICAGO BRANCH OFFICE: Test of Metals, Drop and Pulling Test of 
Western Union Bldg. Couplers, Draw Bars, ete. 

CINCINNATI BRANCH OFFICE: sj Efficiency Tests of Boilers, le 
Neave Building. 7J| Engines and Locomotives. | 

Please mention Wisconsin Engineer when you wrire.
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Machine-Shop Economics, Modern—Eng Mag, MARBLES, Georgia (IIl)—William M. Brewer, Apr, 3700 w. M May. Tradesman, Mch 15, 600 w. M May. Machines, Improvements in Standard—P. Bur- MARINE OF JAPAN, Merchant—Consular Re- leigh, Age of St, July 4, 2400 w. M Aug. eee ay a0 w. M Quine an ADISON ar gain—H. A. Capar xar MARINE Propulsion, Calculation of Horse- MATASON Square, Again  H. A. Caparn, Gi Power for (Ill)—Thos. English, Jour Am Soe Madison Square, The Plans of—Gar & For, Apr, of Nav Ings, May. 2000 w. M July. 15. 600 w. M’June. Marine, The Condition of the French, Merean 
MAGNET, Do Magnet Poles Emit Light Rays? le Board of ‘Ir Jour, April. 1500 w. —Magnes, Ind & Ir, June 5. Serial Part 1. MASONIC ‘Temple, Montgomery, Ala. (II)— 

2400 w. M Aug. . So, So Arch. May. 800 w. M July: Magnet Windings, ‘Testing for Faulty—Szapiro, yf ASGNRY-—Harvey Flint. Ane ‘Paper Arch Elektrotechn Zeit, May 28. W June 20. "Assn, Wagland. Arch: 13 5 . Assn, England. Arch, Lond, Mech 13. 5800 w. MAGNETIC Chucks (Ill)—Amer Mach, July —M May. 16, 30 and Aug 13. . MASSACHUSETTS, ‘The Speed ‘Trial of the Magnetic Concentration—Eng & Min Jour, U.S. Battleship (11)—Sci Am, May 9. 900 w. June 13. W June 27. a M_ June, 
Magnetic Wield Due to an Elliptical Current— LASTER Mechanics’ Association, ‘The Reports Jones, Hlectn, May 29. Phil Mag, July. of—Rty Rey, June 27. 10000 w. 'M Aug. Magnetic Wield, Principles of the—Frederick \ASTTCATOR, The Invention and the Devel- 

Bedell, Elec Pow, Mch. Serial Part 1. 2800 opment of the—Ind Rub Wld, July 10. 2000 w. w. M Aug. Magnetic Homogeneity of Iron and Steel and MA‘PNRIAL, Systematic Inspection of—L. S. 
the Effect of Annealing—Dr. A. Ebeling and Randolph, Digest Phys Tests, Apr. 1300 w. Dr. B. Schmidt, Electn, Apr 17. P June. WM June. 
May 9. Electrotechn Zeit, Aug 20. W Sept MEASUREMENT of Surface Conductivity of 12. Glass—Kremmenacker, J Inst Klee Eng, July. Magnetic Influence of the Planets—A, Schus- — \V Sept 5. 
ter, Sci Am Sup, Mar 14, Measurements in Engineering—Kennedy, 

Magnetic Phenomenon, New—Duanc, Electn, Bleetn, May 1. 
July 24. W Aug 15." Measuring instruments—Arinagnat, L’Eclair Magnetic Properties of Iron and Steel-Elec “Elec, July 25. 
Rey, Lond, May 29. W June 20. Engng, Measuring’ the Insulation Resistanee—Picon, 
May 29. 1000 w. M July. L'Ind Elec, June 10. W July 4. 

Magnetic Qualities of Iron and Steel—See MHDIAEVAL Architectural. Refinements—W 
Testing. . . H. Goodyear, Arch Ree, July-Sept.  Seriat 

Magnetic Testing of Iron, Apparatus for— Part 1. 5000 w. 
Ayrton and Mather, Electn, June 12. W July \MELDOMETER, Determination of High Tem- 
4, + peratures with the—Ramsay and Eumor- 

Magnetic Theories, The Graphical F epresenta- fopoulos, Phil Mag, Apr. Proc Lond Phys 
tion of—Harold "N. Allen, Phys Rey, May- — goe. May. 
June. 2000 w. M July. W May 30. MEMBRANES as Insulators, Organic—B. W. Magnetic Units, Fundamental—Allen, Electn, Richardson, Elec Rev, July 29. 1800 w. M Apr 24. W May 16. Sept. 1 + in Desi 1 

MAGNETISM, Method of Determining Units MEN-OF-WAR, Development in Design and 
ote Ossian Chystraens, Elec Wid, Apr 18. ~ Construction ‘of—A. Deitrich, Paper Inst Nav 
P May. Arch. Eng, Lond, June 12. '4000 w. M Aug. 

Magnetism, 'Terrestial—Bigelow, Sci, July 17. MERCURY, Are Between—Arons, Wied Ann 
MAGNETIZATION of Alloys of Iron and An- Tt RAT a Observation of the Sun, Ob- timony Weiss, L'Ind Wlec, June 10. L'Eclair MERTDIAN py an Obser Tallon, of tue News, melee Aus & W, Sept 8 ataenetite aes 
Magnetization of + rystallized Magnetite~ \)7MN Oo ines, Breakdow m— 
Weiss, L'lclair Dies, June 13, o MEMO ES Mpsinss, Greukdonn of the, (Uy) Magnetization of Tron, The ‘Time Rate of eee net ne Ra River, 
Growth of—Emest Wilson, Elec, Mar <8. MESABY Ores and ‘Lop “Wxplosions—, EB 

MAGNETOGRAPHS Made by Radiations trom “pachman, Ir ‘Tr Rey, Apr 23.600 w. M June 
the Poles of a Magnet—John 8. McKay, Sci yeTALLOIDS in Cast Iron, Practical Value— 
Am, April 18.800 w. M June. W slay‘) M McDowell, Ir Age, July 23. 4500 w. MAGNBETOSTRICTION—Nagaoka and Jones, yrHTALLURGIC Revolution, A—Theo. B, Com- 
Phil Mag, May. . stock, Eng & Min Jour, May 30, 1200 w. 

MAGNESIUM as a Constructive Material-R. ye TALLURGY, Phe History of Biectric Heat- 
H. Thurston, Mach, May. 2700 w. M June. ing Applied to—F. P. Dewey, Hlec Rey, Mch MANGANESE, and Mananiferous | Ore #95" Serial Part 1.2200 w. M May. 
Spain—R. W. Barrington, Am Mfr & Ir Wid, yfetallurgy, Uses of Blectricity in-Borchers, June 19. M Aug. 400 w. | Elee Rey, Lond, Aug 21. -s 

Manganese | Deposits of Huelva, The—Frank 4 HTAL, A Rare~T. L. Phipson, Knowledge, 
Johnson, Inst Min & Met, Lond, Vol I] Pt “June. 1500. w. ° 
II. 3200’ w. ‘ finn Fi Metals Experimentally Considered, Inherent Manganese District and its Mines, ‘The Cova- “yefeets in, Puse-—Walter B. Harrington, Jour 
donga—J. A. Jones, Inst Min & Met, Lond, — jy Inst. June. 3000 w. M July. W July 4 
Vol IM Pt IT, 2800'w. M Aug, _ Metals, The Diffusion of—W. ©. Roberts Aus- 

Manganese in Iron Ores, Liirnstrém’s Method ten, Nature, May 21. 2500 w. | . 
of Determining—C. T. Mixer and H. W. Du yyErROROLOGY, Pseudo-Science in—B. E. 
Bois, J Am Chem Soc, April. 1400 w. M “pernow, Science, May 8.1600 w. . May. - METER.’ Aron (11)—L'Rclair Blec, May 23. MANHATTAN Elevated Railway—Eng News. Meter, Blectricity Supply—Ricks, J Inst’ Elec 
Apr 30. W. May 9. . Eng, March. W May 9. - 7 

MANHOLE Explosions and Their Remedy— eter for Accumulators (IIl)--Aliament, L’- 
Dobbs, Elec Eng, June 10. W June 20. Elec, Apr 18. : 

MANTELS—A. | Mason, Brickbuilder, ~ May. yfeter’ Records Are, Kept. at Battle Creek, 
1700 w. “M July. Mich., How—Eng News, May 21. 400 w. 

MANTES, | The "Port of—Consnlar — Reports, yreters’ Prepayment—H. Van ‘der Horst, Pro. 
March. 2500w. M, June. 24 , Age, July 15. 1800 w. . . 

MAINS, and Service: Their Extension and yfeters, Tie Best Method of Setting—Fire & 
New Territory—George Light, Am Gas Lgt J, Water, July 25. 900 w. 
Apr. 6, 3600.w. M. May. 4 Meters. 'Vibration—Engng, May 22. 1600 w. 

MAP of Butte, Montana, ATopographic—R.H.Chap \srnic System of Measurements Demanded 
man, Eng& Min Jour, May 9 650 w. M. June. —Loe Engng, Apr. 1800 w. M May.
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@\PEOPLES, 

Sc WY oN 
i .| SO 

meee EO x 

CF 57 aed 
eS! BVVVVVTVVVSVFAVAB WOTVVBVBUBFTVZOB 

We Test Them, We Buy Them--Then we Sell Them. 

yy RY, ® 

We know they are good before we offer them to you. 

You take no risk in sending your order to us. 

yy PR YH 

Everything Electrical for them 
Central Central Railway Isolated Laboratory, 

Lighting Telephone Power House Plants and School, 
Station, Station. and Line. Private Lines. Fire and Police Alarm. 

yy RR YH 

’ PEOPLE’S ELECTRIC COMPANY, 
THE SUPPLY HOUSE OF THE NORTHWEST, 

MADISON. - - . : WIS. 

LINK-BELT MACHINERY CO., 
EEG. = ENGINEERS, FOUNDERS, MACHINISTS, 

nae NOY 
Ky (te ee @) CHICAGO, U.S. A. 

lie ae | eB fa] Link Belting, Sprocket Wheels, [alleable Iron Buckets, 
ie EE a Pipes = i Saw Mill Machinery, Elevators, 

NW ee i, NN (Gr bes by) Conveyors, Etc. 

Oe oe LA Norn,—The Coai and Ashes Handling Machinery in Power House 
(CACO 2g of Univorsity of Wisconsin was designed and installed by us. 

PASSAIC ROLLING MILE CO. 
Bridge Builders and Steel and Iron Manufacturers. 

Rolled Beams. Channels, Angles and Tees, Roofs Turntables, Eye-Ba s, etc. 

Works: Paterson, N. J. New Ycrk Office: 45 Broadway 

Tlease mention Wisconsin Engineer when you write.
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Metric System, The—Engng, April 17. 2500 w. Mining Michines, Some Early—Mach, Apr. 
M June. 500 w. M May. 

Metric System, The—Herbert Spencer, Pop Set Mining, | Placer {Arthur Lake, Col Eng, 
M, J e. . May. 5 w. M June, 

METROLOGICAL Standards and Gauging Im- Mining Plant, A California—) & Sei Pr, 
plements—J. Richards, J Assn Bngng “Soes, 18. 00, w. AE a omle—ain & Sel-Pe, Ape 
May. 5800 w. M Aug. Mining Reports and Mine Sz —W. or. 

MEXICO:  Tehauntepee Railway—Ind & Bast mot, Inst Min & wee Pond, fon tir be 1 
Eng, June 20, 2500 w. 15800 w. M Aug. i : 

MICAy ane ng of—Min & Sci Pr, Meh 14. Seining Safeguards—Col Eng, July. 3500 w. M 

MICROPHONE (i)—Hlektrotechn Zeit, May Mini Tenure In Wester Australia—R, Rad- 
T. 'S ep, A Jgour, p 4 2 . 

Microphone Patent, Suit, ‘The Berliner ()— Mining, ‘The Financial aspect oe dH Chee: 
Elec, Mch 11. w. M May. itt, Can Min Rey, Meh. 15 MM 

AO e ae aa i atining, The-J. A: Mining: “With “eabotGt noe eee ee Rhat 
Baminn, Min & Sci Vr, April 25. 2500 w. M partied on in Gt. Britain, Ancient—A Cooper 
June. Key, Min Jour, May 16. '1200 w: July. 

MILEAGE, Empty Car-k R Car Jour, April, MISSISSIPPI iver Maik Revetiient Oe aig 
w. M June. dI)—H. St. L. Coppée, Eng Me - 

MILLING) Machine for Heavy, Kugineering 4000 Ww.” At Julf. ppc, “Eng, Magy; June, 
Work, On the Development of the—Samuel Mississippi, Tue Hydrology of the—Jas. I 
Dixon, Ind & Ir, April 17. 5800 w. M June. Greenleaf, Am Jour Sci, 2 SEOOT te 

Milling ‘Nchine, ‘the Development of thes: Aug. Jour Sei, July. 9500 w. M 
© dixon, Col Guard, Apr 2. w. M June. MODEL of the Kar S anosa sora 
ea otined MID—SeL Am. May 23, 1600 Ww. Alfred, Tee Wegner thy, broposed | Gigantic— 
MILWAUKEE City Hall, Electrical Equip» 4500 w. 7” norary: Sev, May. 
ment of the (II)—W Elec, May 2. 2000 w. MODIBIED. Apparatus for Demonstration— 

MINERAL and Metal Production of the United MOISTURE iy Steamy tect es 
States in 1895, The-Eng & Min J, Apr LD. ROG. Carpentee ape gtetmination of the— 
5400 w. M June. 4000 we aePauter, Sib J of Engng, Mch 4. 

Mineral Kingdom, The Individuality of the— yOnpING Bronze ‘Tuy : 
H. Miers, Nature, July 2. 6000 w. AM MAC eg aaares. (I)—Gs O. Voir, 

Mineral Production’ of California in'18%, 'The— yrolding “Miachtes ena a tt0i 
Eng & Min Jour, May 16. 1000 w. TIL AG Ml Gee ED obn 

Mineral Resources of the Judith Mountains. ypolding Ma A ach, June 11, | 
Montana—Walter Harvey Weed, Eng & Min “yo. UF. Wines and Their Field—Harris Ta- 
Jour, May 23. 1700 w. M July. cet AT At Rev. May 21, 2500 w. 

Minerals of the United States, Minor—p. Tr. “piding, phe Ctllity of Green, Dry Land, and 
Day, Eng Mag, May. 3900 w. M June. 1700 w. at D. West, Ir Tr Rey, May 14. 

MINE May Be Dry but not Dusty, How a— yop y ype Gg 
George Gowler, Col Guard, April io. 5400 w. WTS DENI TE--@tiienard, L'Eclair Elec, 
M June. ORTABS “ 

Me eerts, New Arrangement for Putting MORTARS, Notes on Cement—Eaward Mead, 
Down (I)—Col Guard, May 15. 1700 w. M Eng Assn of the South, Apr. 4800 w. M 
July. July. 

Mine-Surveying—See Electric. MOTOCYCLES at Chicago, The Tests of— 
Mine Ventilation, A Theory in—Col Guard, , Mach, Mch 26. 550 w. "M May. ts of-Am 
May 1. 2400 w. | M July. Motocycles, Power for—L. lL. Summers, Elec 

Mines in the Loire Coalficld, Regulations as to | Engng, July. 3400 w. M Aug. , 
Iery__Col Guard, May 8 72800 w. M July. MOTOR, A Study of a Thyee-Phase—Sib J of 

Mines of Southeastern Siam, ‘The Sapphire and Engng, June. 2000 w. W July 18. M Aug. 
Ruby--Min Jour, May 30..."3000.w. Motor, Alternate Current ‘(Ill)—Elec, Lond, 

Mines, Safety Cables for (Il])—L'Elec, July 11. June 19. W July 11. " , 
W Aug 1. Motor and Generator, The Action of the Se- 

Mines, Separate Ventilation in Fiery—Bergrath ries—Am Mach, June 4. 2200 w. M July. 

a J. Meyer, Col Guard, Mch 20.” 1000 w. M Motor Arma cnres,, Loraus of—Woleott, ‘Amer 
May. dlec, July. Aug 1. 

Mines. ‘The Treatment of Timber for Use in— Motor’ Cars’ on the Buffalo & Niagara Falis 
Robert Martin, Can Min Jour, May. 2500 w. — Electric Railway, ‘Tests of Heayy—St Ry 

Mines, ‘The Use of Safety Explosives in Ger: | Rev, July 15. 900 w. ; 
Man_Col. Guard, Meh. 13, 3500 w.M May. Motor Control—Burke, Elec Eng, June 10. W 

Mines, ‘Transmission of Power in—Kennedy, | June 20. 
Elec Ree Lond, Aug 28. W Sept 19. Motor, Electrie—Baxter, Amer Mach, June 4 

MINING and Earthwork in Asia Minor, Cost 18 and July 2. " Ne 

ofl. Wynne, Min Jour, July 10,1800 w. Motor for Street Cars, The Hardie Compressed 
Mining and Metallurgy of France, State of— | Air—R R Gaz, May 29. 1200 w. 

Col Guard, Apr 11, 2200 w. M June. Motor for Street Cars, The Hoskins Gasoline 
Mining by the Use of Mechanical Appliances, | —Eng News, Mch 12. 700 w. M May. 
Eeonomies in. Robinson, Col Bng, July: Motor, How Tk Motion Given to ihe “Arniature 

: 2900 w. M Aug. in a Direct Current—f. Wolcott, Am Elect! 
Mining Based Upon Lake Superior Practice, July. 1800 w. mn Meee 
Elements of Methods of Metal ()—F. W, Motor in Rolling Mills and Steel Works, The 
Denton, Eng’s Yr Book, Univ of Minn. 6200 a es Am Mach, May 28. 1800 w. M July. 
w. M July. Motor Maintenance, Cost of—St Ry Rey, May 

Miiing’ Colbany, Grass Valley, Cal. A Water 15.” Serial Part-1.” 2500. Wo May 30 
Power and. Compressed Air ‘Pransmission Motor Regulation by Field) Vatiation—An- 
Plant. for the North Star ()—Am Soc of — thony, Elee Eng, May 6. W May 16. 
Ciy Engs, May. 6500 w. M July. Motor, Small—L’Biec, Apr 25. . 

Mining Country. Ontarlo as oe A. ue ole Moron us Agtion Of the, Dimorentinily- Sound 
man, Can Min ev, Mech. 35) w. M May. se n Baxter, Jr, Am Mach, July 2. 1200 w. 

Mining District, Utah, ‘The Oquirh Mountains Motor, ‘The Action ‘of the Shunt—Wm Baxter, 
or the Mereur—Col Eng, June. 5400 w. Jr. Am Mach, June 18, 1300 w. M Aug. 

Mining, Hlectric Light i Operations—See Blee- Motor, Phe Langdon-Davies: Altemate Current 
tric, (1)—Engng, June 19. 2800 w. M. Aug. 
Mining in the Brown Coal District of North- Motor, The Langdon-Dayies Salt caret 

west Bohemia and the Pilsen (Hard) Coal Mono-Phase Induction (Ill)—Elee Rey, Lond, 
Field—Remy, Col Guard, May 22. 3000 w. Tune 26, 1800 w. 

Mining in the State of Chiapa, Mexico—Min Motor, The Panhard Levassor Road (Ill)— 
Jour, April 4.3800 w. M June, Engng, May 1, 2600 w.
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cw 7 PARAGON DRAWING INSTRUMENTS. 
ca Superior to all others in CONSTRUCTION, FINISH, MATERIAL, DURABILITY, 

. and everything else which goes to make up QUALITY. 

a . Each Instrument Stamped «PARAGON.” : 
oS Ry aoe 

©6)) ae 
Ca 4) They are the American Pattern of instruments, made of [7 = 

ng rolled German Silver (no hardened castings) and hand-forged © 

ae English steel. gee 

pee ’ ° ° ai 7 

| Esser’s Patent Pivot Joint 
¥ HIS ae ct 

al i is far superior to the old-style pivot joint. No projecting “/@ . 

ee screws to break off, no exposed threads to collect dirt, no im- (ay 

a pinging of the end of one screw against the thread of another. . 

bt We warrant our Paragon Instruments to last a life-time under proper 

E care and to permanently retain their perfect action. 

~ me We make and carry the most complete assortment of Drawing Materi- 

BI ) als and Surveying Instruments in America. 

ioe 
Big | Plcwicage Branch: KEUFFEL & ESSER CO., 
A 111 Madison Street. NEW YORK. 

ESTABLISHED 1885 essa 

| & CHICAGO 

@ PHOTO- 
COLLEGE WORK 3 

A SPECIALTY. | @ GRAVURE 

| @ COFPANY, 

Sole Manufacturers of Photo-Gravure Album, ‘Of- 

ficial Views,”’ published by the World’s Columbian 

Exposition, Our World’s Fair Exhibit received the 

Highest Award. 

358 Dearborn St., CHICAGO, ILL. 
Please mention Wisconsin Engineer when you write.
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MOTORS and Small Gas Engines—Soubeyran, Niagara Falls, The Gorge Road at (Ill)—Sci . 
L’Eelair Elec, June 6. W July 18. Ain, Meh 28, 1200 w. M May. 

Motors at a Distance, Operating--Reynal, Niagara Falls, The New Water Power Deyel- 
L'Eclair Elec, Apr 1.’ W May 9. opment Below (Ill)--Eng News, Mch 26. 800 

Motors at Schenectady, Testing (I)—-St Ry Ww. M May. tev, May 15. 180 w. NIAGARA, “Telephoning the Roar of—Trean, 
Motors, Alternate Current—B. V. Swenson, Elec Rey, July 22. W Aug 1. 
Tech, May. 4200 w. W June 20. M Aug.’ Niagara, The Roar of—Elec Rey, July 22. 1000 

Motors, Alternating Current—D. ©. Jackson, W: : Elec ‘Wld, Aug 8. 1600 w. Electn, July 17, NICARAGUA CANAL Board, Report of the— 
W Aug 8. _Eng News, Meh 26. 36000 Ww. M May. 

Motors for Intermittent Work, Electrie—Amer Nicaragua Canal Commissioners’ Report, Mr. 
Mach, May 14. Menocal's Reply to—Eng News, April 30. 
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ERR PHOTOGRAPHIC qcietieee le ee 

SIMPLICITY 7" aaa S oN 

It’s a simple thing to take pictures with our e Gane 
Cartridge system cameras—that’s why the Pocket  __. Ba = ee " 
Kodak is known as the photographic success of ~ (Rseeges : oe 1 
the decade. In the hands of the absolute novice, © "= =S=Saays= = = oe | 3 
it produces a larger percentage of perfect “rer a 
pictures than any camera, big or little, has “OEE 
ever produced before. 

reproduces the Pocket Kokak features - 
TH E 1896 BULLET in a camera of large size and greater 

capabilities, yet retains the Pocket 
Kodak simplicity. It uses either Film cartridges or glass plates, has a fixed focus 
achromatic lens of great depth, is carefully made in every detail, is covered with fine 
grain leather and beautifully finished. In short, is up to our high standard of excel- 
lence—the standard that made the Kodak famous. 

IMPROVED ROTARY SHUTTER, SQUARE FINDER, 
SET OF THREE STOPS, SOCKET FOR TRIPOD SCREW. 

When used with film has a capacity of 18 exposures 31% x 314 inches and can be 

RELOAOED IN DAYLIGHT. 

Price, Improved No, 2 Bullet, for pictures 344 x 3% inches . ‘ . . $10.00 

Improved No. 4 Bullet, for pictures 4x5 inches . = z “ i 15.00 

BOCKLET FREE. EASTMAN KODAK CO., Rochester, N. Y. 

T Lite WT Cc OWa Hite insurance Wo. 
Principal Offices; SIOUX CITY, IOWA; CHICAGO, ILL. 

C. E. Mani, President. O. D. Weruerett, Treasurer. 
S. H. Sweer, Vice-President. J. H. Srowexn, Medical Director. 
Gro. B. Swirr, Second Vice-President. E. L. Barer, General Counsel. 
Rk. E. Sackerr, Secretary. Craia L. Wricur, Attorney for Iowa. 

A. T. Parisu, Superintendent of Agencies. 

PROMI ESCCUIS) TBQD nn ccaccnaem scommnarmnectarmarenamnienauannuN ee eaRS $205, 084 59 

Interest and other receipts, 1895............ce cece cee eceee cece eceeeees 34,976 26 

Total amount paid policy holders since organization.............0...06 841,550 75 
New insurance written during 1895.... 0.0.0... 00.0 cece cece eee eeeeees 5,432,408 37 
Insurance in force December 31, 1895......... ccc cece cccucceccucecuce 8,121,892 20 

All Policies are Absolutely Secured by a Deposit with the State 

of Iowa, of the Full Reserve or Cash Value. 

Agents desiring First-Class Contract, Salary or Commission, address, 

W. F. Gorrell & Son, 
315 Manhattan Bldg., Chicago. 

Please mention Wisconsin Engineer when you write.
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ae Flanner’s own Collection of Piano Music No. 3 contains 31 complete ky 
Ky pieces of music, among which are the “American Cavalry Grand March,” i» 
i “Country Club March,” “Lion du Ball,” “Love’s Dieam After the Ball,” i 

ae “Mill in the Forest,” “La Czarina,’” “Silver Stars,” “Toreador Waltz,” ? 
ie “Waves of the Danube,’ “Espana Waltzes,” etc. For sale at My 

: | 9 e 

% Flanner’s Music House, ¢ 
$ ae 
¢ MILWAUKEE, WIS. Price, 50c. by Mail. ly 

: + 
; . The Latest in Music is the “Calve Waltz,” 2 

ap Aad a beautiful ballad called “I CAN FORGIVE BUT NOT FORGET” & 
ay Both sent by mail upon receipt of 51 CENTS—Stamps accepted. 4 

it a5 ee Se Se ee a ee Soeceeeaenetineatiannes aarti ar age 

TO ENGINEERS on 
B SIZE OF 4x5 

Lem aoe 5x7x1%, 

A zal 

Na ae a eee : AUG 3 PONY 
Furnished with Our 

Will be found valuable in making reports 

NEW VICTOR LENS of the progress of work on a contract. A 

AND SHUTTER. photograph conveys a more definite idea 

PRICE, $24.09. than the longest written report. 

Send Yoar Address for Illastrated Catalogdes. 

ROCHESTER OPTICAL CO., Rochester, N. Y. 
Please mention Wisconsin Engineer when you write. 

en EEE EEE -
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Mahn & Co... 
MANUFACTURERS OF 

4 Engineering, 

Ze Surveying and 

Scientific Instruments. 

No. 212, Locust Street, 

ST. LOUIS, MO. 

ILLUSTRATED CATALOGUE ON APPLICATION. 

ESTABLISHED 1862, am ee 
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FACTS THAT ENFORCE CONVICTION AND 
CONFIDENCE. 

Ord S boMer VOMpounds 
ARE EXCLUSIVELY used by the U. S. Government, and 10 Foreign 

Navies and Engineering Departments. 

ARE EXCLUSIVELY represented and largely sold in every civilized 
country on the globe; thus enjoying a world-wide 
reputation and demand. 

ARE EXCLUSIVELY recommended in our best modern works on Steam- 

Engineering. . 

This unsurpassed library of fifty volumes may be attained as an out- 
right presentation by all patrons of Lorp’s Borer Compounbs. 

Theory Versus Practical Experience. | 
Recently many speculative theorists have advertised on the market 

numberless chemical specialties, such as, 

TRI SODIUM PHOSPHATE—SODIUM TANNATE—SODIUM FLUORIDE, &e. 
each specialist representing his favorite expedient as of unapproachable 
and surpassing merit. 

PRACTICAL EXPERIENCE AND APPLIED CHEMISTRY refutes the ex- 
treme claims of these theorists, and while conceding the value of these 
reagents, yet establishes the truth that their specific values are only best 
attained when they are subject to intelligent application ; their relative 

superiority when compared critically being entirely dependent upon the 
character of the feed-water used. 

REMEMBER THAT THESE AND MANY OTHER EQUALLY VALUABLE 
REAGENTS, are invariably used in the formulation of Lorp’s Borrur Com- 
pounps. Each compound sold under this trade mark being scientifically 
formulated to meet each variety of natural water used by our patrons. 

AN ANALYTICAL DEPARTMENT CONDUCTED BY (3) THREE EXPERT 
WATER CHEMISTS, replete with the latest improved chemical apparatus is 

at the disposal of our patrons, and we are glad at all times to furnish 
analytical reports, and all other desired information. 

WE RECITE AN EXPERIENCE OF 36 YEARS devoted exclusively to the 
chemical purification of natural waters; and think that our mature and 
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over $650,000.00 for accidental injuries. 

For circulars relative to our $10,000.00 Combination Incontestable 

Policy, address, 

; T. S. QUINCEY, Sec’y, 
Star Accident Insurance Bldg., 

Chicago. 

THE LAWRENCE CEMENT Co., 
MANUFACTURERS OF___ensem 

Cement. 
timor siento, | woSPSROSStiay, {MISA semen 

Gey’ SALES AGENTS. New York City. t ES EDENS 

WATER-WORKS FILTRATION 
Pressure and Gravity Filter Plants. 

yyy, HR 

Gapacity Unlimited. Results Guaraniéed. 
py ye PR PH 

WESTERN FILTER COMPANY, 
UNION TRUST BUILDING, ST. LOUIS, MO. 

Please mention Wisconsin Engineer when you write.
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Ubelacker, Elee Ry Gaz, April 10, 2308 w. SCHOOL House, The Model—R. lL. Jones, So 
M June. Arch, May. 3000 w. M July. 

Rolling Stock, The Construction and Supply SCHOONER, “A Notable Clyde Built Wi)— 
of—Ir & Coal ‘rs Rey, April 10. 1200 w. M Eng, Lond, April 24. 900 w. M June. 
June. SCRENS in Devonshire Churches—Past_ anil 

Roman Country House, The—A. D. F. Hamlin, Present, Rood and—Harry Hems, Brit Arch, 
Arch Rey, Vol IV No 11, Serial Part 1. 2800 | Apr 24." 9500 w. M_ June. 
w. M July. SCREW Steamers, Steam Pumping Arrange- 

ROMANESQUE Architecture—G, ©. Miller, ~ ments in dl)—Eng, Lond, July 31. Serial 
‘Tech, May. 4800 w. M Aug. Part 1. 2900 w. 

ROOFING, “Tile (Ii)—Max ‘A. ‘Th. Boehneke, SEARCHLIGHTS at Sea, Method of Making a 
Brick, Apr. 1800 ‘w. M May. Steady Platform — (11l)—Tower, s.ec Eng, 

ROPE DRIVING, Notes on--A, Combe, Ind & | Lond, May 8 W May. 30. 
Ir, July 31. 2000 w, Searchlights in Sea-Coast Defense, Electrical 

Rope-Driving —Practice—W. H. Booth, Am — —John ‘lt. Thompson, Blec Engng, Mech. 1290 
Mach, Meh 12. 1500 w.. M May. w. M May. 

Rope Driving, Some Notes on—Hlee Rey, SEA “MILLS of Cephaionia, 'Lhe—Crosby, 
Lond, July 10. £500 w. Tech Quar, Mareh. 7500. w. 

ROPES, Wire Mining—J. Bucknall-Smith, Min SEASHORE Electric Railway (Ill)—Cassier’s 
Jour, June 6. Serial Part 1, 1500 w. Mag, July. 

ROUEN Electric Railway (I)—L'Ind Elec. SEA, The Rule of the Road at—Trans, May 1. 
Apr 15, 1500 w, M July. 

RUBBER, Artificial Legs and Arms of—Gus- SEATING Machine, Staybolt—J. Randol, Loc 
tay Heinsohn, Ind Rub Wid May 10. 2000 | Engng. Aug. 2000' w. 
w. SECOHMMETER, Application of —Heinke, 

RUBBER Country, Rivers of the South Amer- Elektrotechn Zeit, July 30. Aug 6. 
iean—Hawthorne Hill, Ind Rub Wild, Apr 10. SECTIONAL Contact System—Elee  .y Gaz, 
1000 w. M May. June 10. W June 27. 

Rubber District, Changes in the New York— SECTIONAL Contact Rail System—Lond 
Ind Rub Wid, Apr 10. 1000 w. M_ May. Engng, June 19. W July 18, 

Rubber Footwear, Shoe Lasts and Shoe “Trees SEEING—Sce Electricity. 
for—Ind Rub Wid, May 10. 2500 w. SEINE, The New Bridge Over the—Engng, 

Rubber Industry in New Brunswick, New Jer June 12. Serial Part 1," 2200 w. M ..ug. 
sey, History of the—T. Warren, Ind Rub SBISMOGRAPH—See ‘Meters, Vibration.’” 
Wii, Aug 10. 1500 w. SELBY Abbey (Il)—Buiider, July 4. 2500 \w. 

Rubber Prices and the Insulated-Wire Trade SELEF-HELPS—C,  H. Blackwell,- Am = Arch, 
—Ind Rub Wid. July 10. 1400 w. aTuly 1. 2500. w. 

Rubber Situation in Madagascar, The—Ind SELF-Induction and Capacity—Elee Rey, 
Rub Wid, May. 10. 1300 w. Lond, Apr li, P June. 

Rubber, The Difference Between Islands and Self-Induction in the Armatures of Alternators. 
Upriver—Ind Rub Wid, July 10.1500 w. Mo Heneschike, Elektrotechn Zeit, June 18. W 
Aug. July . 

Rubber Trade in Chicago, Condition of the— Self-Induction, New Method of Measuring—Dr. 
Ind Rub Wid, Apr 10. 2500 w. M May. Hugo Andriessen, Elektrotechn Zeit, Mar 

RUBY Mines—Seo Mines.” 12. °P May. 
RUSTLESS Coatings for Iron and Steel-- SEPARATORS, Tests of Centrifugal Steam 
Wood, Tr AS M EK, 1895. W May 23. (Ih—A. W. Richter, Wis Eng, June. 3000 w. 

GAr TY Appliance Act and Automatic SEVTA—See Electrolytes. 
KS Couplers—Edit, Ry Mas Meeh, June. SEPIOLETE—R. Helmhacker, Eng = & Min 

1000. w. Jour, July 25." 2000 w. 
Safety Appliances in Railway Equipment. SEWAGE and Refuse, The Disposal of—San 
Progress in Adopting—E. KE. Moseley, RoR Rec, Mch 20. 1200 w. M May. 
Car Jour, June, 1200 w. M Aug. SW AGE-Disposal Plant, The Vassar College 

SAINT Pierre-¢s-Liens, The Ancient Cathedral (Il)—Eng Rec, June 27, 2400 w. 
of Geneya—Louis Viollier and Laurence Har- Sewage Disposal Plant, A Small—Eng Ree, 
vey. Jour. Roy Inst of Brit Arch, March 19. May 9% 450 w. M June. 
13500 w. M June. Sewage-Disposal Works, The. Bristol, Conn,— 

SALISBURY Close (ID—A. B. Bibb, Am Arch, | Eng Ree, June 13. 400 w. M_ Aug. 
Tuly 11. 1300 w. Sewage. For Country Houses—Geo, 8, Waring, 

SALT “Making—R. G. Collier, Tradesman, | Dom Engng, July. 3500 w. 
Tune 15. 3700 w. Sewage Finer Beds at Waterloo, Ont. (1I)— 

Salt Water Drinnings, Injury Caused by—I'ro — Eng News, Apr 2. 900 w. M_ May. 
Cent Ry Club, Mar, 3060 w. M June Sewage Disposal Works of Natick, Mass., ‘The 

SAND House at Argentine. Kansas, Farther | UI)—Eng News, June 4. 900 w. 
Details of (II)—Ry Mas Mech, Apr. 150 w. Sewage Wilter, Beds. Raising Crops on—Eng 
M May. News, June 11. 1500 w. 

Sand-Sifting Machine (II)—J. L. Klindworth. Sewage “Purification (Il)—Ind & Ir, May 1. 
Am Mach, July, 250 w. 3000 ww. 

SANDSTONES, "Tuc General Properties of - Sewage ‘Reservoirs, ‘The Natick, Mass. (1) 
T. C. Hopkins, Stone, July. 2500 w. Eng Ree, April 25. 1800 w. M June. 

SANTFARY. Condition of Boston Schools, Re- Sewage Works, ‘The East “Molesey—Mach, 
port of—Eng Rec, Mech 28. 1600 w. M May. Lond, Mé@h 15. 2500 w. M May. 

Sanitary Engineering and State Boards of Sewag¢—See Irrigation, 
Health—J. Harman, Ill Soe of Engs & Sury, SEWERAGE System of Indianapolis, The (Ill) 
11_An Rept. 6500 w. —C. C. »rown, Jour Assn of Eng Soc, Mar. 

Sanitary Science, Practical—W. H. Maxwell, 7000 w, M June, 
San Ree, July 3. 2500 w. SEWERAGE of Victoria, B. C., The—Abs Pa- 

Sanitary Schools ()—Dom Eng, June. 1990 ~~ per Can Soc Ciy Engs, Eng’ Rec, June 1. 
w. M Aug. 1500 w. 

SAPPHIRE Mines—See “Mines,” Sewerage of Melbourne, 'The—Eng Rec, May 
SCALE, On Determination of the Division. Er- 23, 2500 w. 

rors of a Straight—Jarold Jacoby, Am Jour Sewerage Works, Tables and Diagrams for 
of Sci, May, 3400 w. M June. Facilitating the Computation of Estimates 

SCAVENGING Disposal of Refuse—Charles — for—8, M. Swaab, Eng News, May 14.700 w. 
Mason, San Ree. May 8 1700 w. M July. SEWER Details, Winchester Mass, (1H)—Eng 

SCTAGRAPHIC. Experiments-W, M._ Stine. — Ree, Anril 25, 1100 w. Mune. 
Elec Eng, Meh 1. 2500. w. M May. TP) May. Sewer Discharge and Velocity—albert —Wol- 

SCTAGRAPH of Sheep's Brain--W Elec. Mech heim, Pay & Mun Engng, Apr. 300 we M 
28.500 w. M May. May. 

SCTENCE and Enginecring—T, C. Clarke, Sei Sewer in Brussels, Belgium, A Concrete Storm 
Am Sup, duly 4.3500 w. M’ Aug. ()—Eng News, Mch 26. 500 w. M May.
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Iron and Steel Bridges, Viaducts, 

Bridge 
Substructures and Structural Iron Work. 

Company. 
WILIMUNGTON, OHIO. 

ELEVATORS “no‘ccon R AV E AND ECON- 

GRAVES ELEVATOR CO., Rochester N. Y. 
New York, 92 and 64 Liberty St. Boston, 53 State St. Philadelphia, 1215 Filbert St. 

Atlanta, Ga., Inman Building. Send for Catalogue. 

STEAM HELVE HAMMERS. 
THE CLEVELAND SHIP BUILDING Co., 

m= —NO. 120 VIADUCT, CLEVELAND, o. 

U. S. Mail Chutes | American Photo-Engraving Co, 
A ecessity in Office Buildings and ss 
Hotels. Write to the Sole Matcers. & Is Vandewater St., NEW YORK, 

- Photo-Engraving for all i!lustrative pur es, The Cutler Mfg. Co., Rochester, N. Y. by every approved Photo-Process.. 
PATENTED AUTHORIZED. Established 1880, Correspondence invited. 

Wy Who ean think Helgey Who can think Wanted—An Idea sreeeins Wanted—An Idea sess 
Write GORN WEDDERDUTN S COmPhtent Aiton — Wate JOAN WEDD RST Ra BERS vo, wealth neys, Washington, D. C., for their $i,800 prize offer _neys, Washington, D. C., for their $1,800 prize offer and list of two hundred’ inventions wanted. and list of two lundred’iuventions wanted. 

4 icase mealion Wisconsin Engineer when you wriic.
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SEWER INTERSECTION at Baltimore, Md. Signals, Colors for Night—Eng News, Mch 12. 
(il)—C. PB, Kahler, Eng News, April 9.350 1800 w. M_ May. 
w. M June. Signals,” Color for Night—R R Gaz, Apr 3. 

Sewers, Maintenance ofa Separate System of | 2i00 ws M May. 
“pH. Jones, Eng News, April 23. 900 w. Signal Department Standards (Ill)—Ry Rey, 
M June. May 2. 1400 w. 

Sewér Pipe in Macon, Ga., Alignment of Tile Signals, Electric Controller for Grade Cross- 
()—Bng Rec, Meh’14, 300 wi M May. ing Alarm (l)—Eng News, May 21. 500 w. 

Sewer Tunnel, The Proyidence—Eng Rec, July Signals on tlectric” Railways—St Ry Jour, 
25. 600 w. May. 2400 w. 

SEWING Machine, The UI)—Sci Am, July 25. Signals on the Boston & Albany, Automatic 
3000 w. M Sept. “G. Blodgett, ROR Gaz, July 24. 2000 w. 

SHADOWGRAPHS, Lightning—Knudson, Signals, Uniformity in Senaphore—Ry Rev, 
Klee, Apr 22. W May 2. Spril 1. 400 w. M June. 

SHADOW Pictures by Are Light Rays—W. W. Signal Standards on the Vennsylyania Lines 
Kerr, lec Eng, Meh 25. 700 w. Doaay, M West of Pittsburg UI)—R R’ Gaz, Meh 27 
May. 1600 w. M May, 

SHA at Sea, Repairing a Broken Thrust— SILK Covered Wire Testing (I1)—Elee Rev, 
Steamship. Mch. 1200 w. M May. Lond, July 81. Wo Aug 22. 

Shaft at the Colliery of the West Bohemian © Silk Fabric Made by Insect: Larvae (Il)—W. 
Company Near Pilsen, Sinking a New—K. © G. Johnson, Am Miller, Apr. 1600 w. M 
Anton Weithofer, Col Guard, May 1. 2200 w. | May. 

Shaft Sinking. The Gobert Freczing Process SILVER in Chloridizing—Roasting, The Vola- 
ofA. Gobert, Col Guard, June 12. 2500 w. — tilization of—L. 1. Godshall, “Eng & Min 
M Aug. Jour, May 16. M July, 

SHAPTS by Poetsch’s. Process at QOunaing Silver’ Mines in Australia, The Broken Hill— 
Near Valenciennes, France, Notes on Sink- Eng & Min Jour, July 11. 2000 w. 
ing Two-—H. F. Olds, Min Jour, May 9. 1000. Silver, Separating “Lead from—Tomasi, L'Ind 
w. M July. Elec, July 20. W Aug 8. 

Shafts, Hovigman’s Method of Boring Mine—  Silver—Sce Lixiviation. 
\W. Schulz, Col Guard, May 1. 2000 w. M SISAL Industry in the Bahamas. ‘The—D. 
July. Morris, Jour of Soc of Arts, Mch 20. 10000 w. 

SHBAVE-Wheel with Wrought Iron Arm Ul) | M May. 
—W. IL Osborne, Ir Tr Rev, Mech 19. 100 w. SKY Scrapers of Rome. The—Rololfo Lanciani, 
M May. N Am Rey, June, 3800 w. M July. 

SHIPBUILDING, American (II)—Sci Am, July Sky Scrapers. The Construction of —C. 7. Pur- 
25. 200 w. dy. Tr Assn Civ Engs of Cornell Univ, June. 

Shipbuilding, _ British and Foreign—Mach, _ 6400 w. M Aug. 
Lond, July 15. 1300 w. SLATE in Great Britain, American—Stone, 

Shipbuiding in Germany—C. F. Lacisz, Paper | April, 15¢0 w. M June. 
Tust Nay Arch. Eng, Lond, June 12, 2109 SLIDE RULE, The Use of the—F. A, Halsey, 
w. M Aug. Am Mach, May 28. Serial Part 1. 1800 w. 

SHIPPING and Transit Needs of New York— SLEEVERS, The Use of Tron and Steel for 
Arch & Build, June 6, 1100 w. M July. Railway—Ir & Coal Tr Rey, Apr 10. 1800 w. 

Shipping Competition, Foreign—Engng. July 3. | M June. 
2000 w. M Sept. SMELTING in California, Matte—H. Lang, 

Shipping. Facilities, A Revolution in—A, Phe- Eng & Min Jour, July 25, Serial Part 1. 
nis, Mfrs’ Pec, July 17. 5500 w. M_ Sept. 2000 w. 

SHIP Protection by ‘Discrimination—Sea, Apr Smelting, Matte—W, L. Austin, Min & Sei Pr, 
16. 1600 w. M June. Meh £8. “3000 w. Mo May. 

SHIPYARD, A Great Lake (II)—Sea, May 11, SMELTPERS. Flux” for ‘the (1il)—Aust Min 
900 w. M’ July. Stand. March 5, S00 w. M June, 

SHIPS—Sce Geometry. SMOKE Prevention from a Mechanical Stand- 
SHOP Kinks at Valley Falls, O. H. R.—Loe ~ point—C,. Benjamin, Safety V, July. 1500 w. 
Engng, May. 900 w. M Sept. 

Shop Management, Points on—B. FP. Fells, Ty Smoke Prevention—See Combustion, 
Tr Rev, July 30." 1100 w. SOLIDS and ‘Vapors—Wilder D. Bancroft, 

Shop Notes Atchison, Topeka & Santa Fe Ry.. Phys Rey, May—June. 6000 w. MM July. 
Topeka, Kan.—Ry Rey, April 18. 2800 w. “M  SOUTIT Rocky River Bridge, The (Il)—Eng 
June. ; Rec, June 13. 1500 w. M “Aug. 

SHOES of the Pennsylvania Railroad. The All SPANISH Brick and ‘Tile york (I)—C. H. 
toona—Am Eng & RR Jour, June. Serial Blackall, Br Bus. -er, June. Serial Part 1. 
Part 1. 5800 w. M July. 2500 w. M Aug. 

Shops, Philadelphia and’ Reading—Loc Engus. gparix, Globular—J Inst Elee Eng, June. W 
Apr. 2800 w. M May. — . Tuly 35. fener Ne 

SHOVEL, Railroad Steam—H. BE. Riges En sparKING Distance and Ultra-Violet Light— 
See 7k OOO Ns of Steam—Rng News, gSWenHedunw, L'Helair Hlee, May 23. 
ae ake Steam—Eng News. sparking of Closed Coil Direet-Current Arma- 
SHUNT. Universal TI)—Elec Rev, Lond. Apr tures—George ‘I. Hanchett, Elec Ry Gaz, 

mee al ( ule as LOM, 4] Meh 28. 2200 w. M May. 

SIBERIAN Railway—Ind & East Eng. dune SQECTRIC ALIONS, Coneerning—It 1 Gaz, 
20. 1700 w. a ay 1. 1600 We 

eG. plock—Tr Assn Civ Engs Comet! SPECTRA of the Bunsen Burner and Wx- 
Univ, June. 1400 w, M Avg. hausted Bulbs, ‘The-W, 1, Birchmore, Elec 

Signaling, Mechanical Fog—Fng, Lond. July. Eng. Meh 25, | 2800 Ww, Mo May. « 
0. 1600" Ww. Spectra in Exhausted Tubes, On the Cause of 

Signaling, Tailway Block—J. Pigg. Elee Eng, — Contintous—Elee Eng, July 8. 2700 w. W 
Lond, duly 3. Serial Part 1. 1700 w. July 18. M Aug. 

SIGNALS and Care of Interlocking Apparatus, SPECTRO PHOTOMETER, How to Make and 
Distant—Charles Hansel, Ry Rev, Meh 21 Use a Simple di)—W. H. Birchmore, Pro : 
1500 w. M May. Age, May 1. Wo May 22. 1100 w. M June. 

Signals and Permissive Blocking, Three-Posi- SPEED of Blectrical Machinery—Wm. Baxter, 
tim—R R Gaz, April 17. 400 w. M June. Jr. Elec Wid, June 20, 1900°w. Mo Aug. 

Signals Retween Stations and ‘Trains’ in Mo- Speed, The Problem of—-M. J. N.7 Normand, 
fion, Agabey's System—Ind Engng, May §. | Bre Lond. May 2. raed Ww. MTnly, 
900 Ww. AM Aug. SPRINGS, Coiled—. T. Adams, Am Mach, 

Signals, Rules for Operation and Maintenance May 21. 1300 w. M_ duly. 
Of Interlocking—Eng News, Apr 2. 2400 w. Springs. Intermittent—Walter C. Garretson, 
M May. Sei Am Sup, Apr 11, 1200 w. M May.
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FOR 

Sicilian and German Rock Asphalt Street Pavements, 

Trinidad “Lake” Asphalt Street Pavements. 

Sicilian Rock Asphalt Floors, Pavements and Roofs 
VRRVOTVVVO VOSS DEALERS IN VOVVVVVVWTO3V8VOD 

Sicilian and German Rock Asphalts for Street Pavements. 

Sicilian, Limmer, and 2runswick Rock Asphalt Mastics. 

Refined Trinidad Asphalt. 

For Estimates and Full Information Apply to 

$ THE SICILIAN ASPHALT PAVING CO., 
TIMES BUILDING, NEW YORK. 

DU AASAAAAARWOENS SAS SNARDSABAASA SARA aS 

Guaranteed to be superior 

to any imported cement. 

EE 

navway PORTLAND EXCLUSIVELY 

IN THE 

HAVEMEYER BLDGS., 

AMERICAN SURETY BLDG., G EB M EN [ 
TS, 

JOHNSON and PRESBYTERIAN Bidgs., 
ATLAS CEMENT CO., 

NEW YORK CENTRAL 

143 Liberty St., N York. R. R. BRIDGE OVER HARLEM RIVER, 
Please mention Wisconsin Engineer when you write. 
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SPROCKET Wheels by Broaching, Machine Steamship, ‘The ‘Transatlantic (11l)—Sei Am, for Shaping (N)—Am™ Mach, July’ 30. 500 w. July 25.” 3500. w. SQUALIS, ‘the (Alleged) Law of Inverse—B.  Steain,” Superheated—R. H. ‘Thurston, ‘Trans E. Chollar, Am Gas Lygt Jour, June 1. 10000 ea Inst of Mech Engs, Vol XVII." 2200 w. 
Ww. M June, 

STACKS for Roundhouses, Drop Smoke (I)— Steel Castings and Malleable Iron—C, H. Ben- ROR Gaz, Mch 13. 600 Ww. M-May. jamin, Digest of Phys ‘Tests, April. 1200 w. STADIA MEASUREMENTS, New) Data on— —M June. L. S. Smith, Wis Eng, June. 3500 w. Steel Casting Process, On the | Walrand- STADION at Athens, ‘The—Arch, Lond, May — Legenisel—li. Hollis, Trans Am Inst of Min 8. 1800 w. M July. ngs, July. 1700 w. STAGH — Effects, “Electrical (M)—Theodor» Steel in Bridge Pins. ‘The Condition of—A. CO, jVaters, lee Pow, May. 6000 w. WoMay 9 Cunningham, Am ‘Soc of Civ ings, May. 23. M July. 2000 we M July. Stage, The New Liverpool Landing ()—Eng, Stecl Industry ‘of the United Kingdom in Lond, May 29. 1500 w. M July. 15, Bessenier—tr & Coal Trds Rey, June STAGING, Paint Shop—R-R Cat Journal, May 12, 1000 w. M Aug. 700 w. Stecl Industry of the United Kingdom in 1995, STAINS, Treatment of Wall—A. A. Kelly, she Open-hearth—Ir & Coal Tras Rey, June Plumb & Dec, April 1.1200 w. M June. 12, 900 Ww. M Aug. STAMBOCL, Old and New—Richard Davey, Stecl in the United States, The Production of Arch, Lond, Mch 20. Serial Part 1500 Ww. Open-Hearth—Ir Age, April 16. 900 w. M M May. June, 
STANDARD Block, The N.Y. & Buffalo Ul) Steel Making at Birmingham—P. Shook, Iv Tr —Bng Rec, July IL Serial Part 1 1500 w. Rey, July 16. 1300 w. M- Sept. Standards and Recommendations, M,C. Bl Steel, “Microscopic. Piaws in A, A. Seaton, Association—R R Car Jour, April. 1000 w. Engng, Apr 10. 2300 w. M_ June. M June, Steel, Nickel—William Beardmore, Ind & Ir, Station, Boston's New Union—Bos Jour of May 1. iso we M July. Com, Mch 21. 900 w. M May. Steel, Note on Mr. Howe's Researches on the Station Difficulties, Somce—H. M. Kellog, Elec Hardening of—F. Osmond, Ir & St Trs Jour, Wid, Apr 18. P May. May 16. (200 w. M July. 
Stations for street Railways, ‘Testing—Conant, Steel’ Points and “Crossings, Manganese—Ry st Ry J, Apr. Wid, June, 700 w. M Aug. Station of the United Electric and Power Steel ‘Rails, The Manufacture and. Consump- Company, New York UM)—Power, May, — tion of—ir & Coal Trs Rey, April 10. 1600 w. 3000 w. “M June, M June, 
Station in Boston. Proposed Southern Union— Steel, Shielding Action of—Beck, Wied Ann, RR Gaz, Meh 37,1500 w. ‘M_May, Vor 57, p 464.” Elektrotechu Zeit, May 7. W Station Service Be Improved, How’ Can Our-- May 30. 
I.E. Holt, NY ROR Club, April 16, 15500 w. Steel-Skeleton Buildings, The Design of-Eng Station, Syracuse, N.Y. C) & H.R. R. RR. | Rec, July 11. 2000 w. B._L.’ Gilbert, Ry Rev, April 25. 1800 w. Steel, Standard Specifications for Structural— Station, The New Baltimore and Ohio in Bal- Kung & Min Jour, Aug 1. 1500 w. timore—R R Gaz, May 15. 1400 w. Steel, Sulphur in’ Mild—P. i. ‘Thompson, Tr STATUES and Monuments of New York—N Age, Apr 2. 3500 w. M May. McDonald, Arch & Build, Apr 4. Serial Steel, Tempering—Rev de ‘L'iiec, Apr 30. W Part 1. 2500 w. M May. June 20. 

STEAMBOAT Adirondack, The New (IM)—Am_ Steel, The Development of Open Hearth—Ir Ship, May 21. 1500 w. M July. Age, Mch 12. 900 w. M. May. Steamboat, The Bazin Dise Wheel (1)—Eng. Steel, The Manufacture of Bessemer (I1l)—Sei Lond, May 15. 1700 w. M July, Am Sup. April 18. 1100 w. M June. 
Steamboat, The Western River—W. H. Bryan, Steel Used by Marine ngineers as Revealed 
Trans Am Inst of Mech Kngs, Vol XVII by the Microscope, The Causes of Mysterious 
1800 w. M June. Fractures in the—A. i. Seaton, Ir‘& St Tr STEAM, Economic Utilization of Exhaust—W. J. Mch 28. 2600 w. M May. J. Baldwin, Heat and Ven, April 15, 2000 w. Steel Works, The Lackawanha—Ir & Coal ‘Trs 
M Jue. Rey, April 3. 1700 w. M June. 

STEAMBR, Oi Tank—H. J. Phillips, Engng, Steel: Works, ‘The Latrobe (1l)—Engng, May April 17,3000 w. M June. 1. 1600 w. 
Steamer Southend Belle, ‘Thames Paddle (iH) ST. WLMOR and Chaffee County (11)—Min —Eng, Lond, June 12." 1500 w. Ind & Rey, July 16. 3500 w. STEAMERS Koningin, Wilhehnina, Koningin STERILIZING of Water by Means of Ozone— Roegentes and Prins UWendrik, The Paddie Repin, Rev Gen des Se, July 15. W Sept 5. ()—Eng, Lond, Mech 13. 1300 w. M May. ST. LAWRENCE Water Rotite to the Sea, 
Steamers, On Signs of Weakness in Tank— ‘The—Eng News, Meh 26. 1300 w. M. May. Otto Schlick, Paper Inst Nay Arch. Eng, STOKER, A German Mechanical (I)—Eng Lond, June 26, 1000 w. M Aug. News, July 9. 300 w. STEAM Fountain That Will Close, An Auto. STOKERS, Experiments with Automatic Me- matically Closing (lj—John A, Hill, Loe chanical. ML Whitham, Trans Am Inst of Engng, June. 1200 w. Mech Engs, Vol XVIL, 3800 w. M June. Steam Jacket, The Thoroughfare—Charles ‘T, Stokers, Mechanical—Bos J Com, July 4. i800 Porter, Am Mach, Meh 19. 1100 w. M. May. w. vate . ee Steam Pipes, Insulating Underground—Kdgar STOLETOW, Prof, A. G.—Electn, July 3. Kidwell, Eng, Lond, April 10. 900 w. MM seo Nts A Story of—In Arch, Apr. 2000 w. M June. July. 

© Steam Pipes. ‘The Carbonizing of Wooden Lag. STONES from Norway and Sweden—Ierr ging on—Heat & Ven, April 15. 1200. w. Lund, Stone, Mech. Serial Part 1. 1200 w. M 
Steam Plant of the American Surety Com- May. | . i 
pany’s Building, Broadway, New York (Il) Stones from Norway and Sweden—Herr Luna, —Power, June, 1500. w, Stone, April. 860 w. M June. Steam Plant of the National Electrical Expo: Stones, Missouri Building and Ornamental—c, 
sition, The (I)—Eng News, April 30. 900 w. R. Keyes, Stone, April, Serial Part 1. 1200 M June. we MJune, 

Steam Plants, Improving Old—Mas St Fitter, Stones—Sce Building, ve | 
May. 1200 w. M July. STORAGE Battery for, Pire-Alarm and Police 

Steam Pump and Water Pipes, The—C. A. Telegraph Purpose, “The UID. 1. Tall, 
Collett, Safety Ve June. av ow. Mo Aug. Elec Wid, July 112700 w. M ‘Aug. 

Steamship, The Beonomies of Propulsion in Storage Butteries “for ‘Traction —Purposes— 
the Modern—R. L. Weighton, Prac Eng, Mch Elieson, Blee Rey, Lond, June 12. W July 27. Serial Part 1, 3000 w. M May. 4. 

10—Wis. Enc.
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Ss ASPHALTUM 

Be = BLOCK anp 
TILE WORKS 

<+—f Philadelphia, 

The Largest Asphalt Block Works in the World. 

Richardson %& Poss, 
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TRAMPS and the Railroads—R R Gaz, June 'Transmisison ‘of Power—M. W. Danielsen, Age 
26. 1000 w. of St, June 13, 1600 w. M Aug. 

TRAMWAY at the Bunker Hill and Sullivan ‘Transmission of Power—Eng News, July 9. 
Mines, Wire Rope Ul)—Eng & Min Jour, ‘Transmission of Power at’ Rheinfelden (I)— 
April 18. 600 w. M June. Rathenau, Elektrotechn Zeit, July 2. W July 

Tramway in Sussex, A Rural Steam—Ry Wid, 25. Elec Eng, Aug 12. 
Mch. 1300 w. M May. Transmission of Power by Alternate Currents 

Tramway, The New—Charles Chincolle, Com- — —J. T. Morris, Engng, July 17, Serial vart 1. 
pressed Air, Mch. 700 w. M May. 1400 w, 

TRAMWAYS, “American Experiments with ‘Transmission of Power from Cheyres to Ge- 
Blectrié Conduit—Ry Wid, Mch. 1400 w. M  neva—Guye, L'Eelair Elec, July 25. 
May. Transmission’ of Power from | Montmorency 

Tramways, Compressed Air—Engng, May 29. Falls dil)—Chesney, Cas Mag, May. W > May 
3200 Ww: 30. 

Tramways, Dublin Electric (I)—Elec Eng, ‘Transmission of Power in California, Electri- 
Lond, May 16. 5400 w. cal (ID—W. BL Hassen, Am Electn, suly. 

Tramways.” Hlectric, Isle of Man—Ry Wid, 1000 w. W oAug 1. Min Jour, May 2. 2800 Ww! 
May. 2200 w. Trausmission of Power in Mines, The Electri- 

Tramways, Hartlepool Electrie—Ry Wd, July. cal (Ib—C, Kittgen, Eng, Lond, July 3. 1800 
2300, we . w. . 

Tramways, London Southern (1)—Ry Wd, Transmission Plant, A Mexican (II)—J. G. 
May. 400 w, Henry, Jour of Elec, May. S00 w. W Aug 15. 

Tramways of the United Kingdom, The— ‘Transmission Plant, Chevres-Geneva—-L’ clair 
Trans, April 24-850 w. Elec, May 30. W Tune 27. 

‘Tramways, ‘The Consolidation of the London ‘Pransinission Plant, Di-Phase (11) —L'Energie 
—Hngng. May 8. 2400 w. Elec, May 1 

Tramways, The Rouen Electric (I)—Elee Rev, ‘Transmission Plant, Fresno—Low, Jour of 
Lond, “May 22. 3000 w. Blee ng, Lond, — Bloe, Apr. 
Meh 20. 2600 Ww. M_= May. . _  ‘Transinission lant, Mining—Jour of Elec, 

TRANSFORMER Curves, An Analysis of May. Wo Aug 15. 
Charles K. Huguet, Elec, May 27, 1600 w. ‘Transmission Plant, The Baltic Taftville—. ..) 
M July. . . H. BE. Raymond, Blee Wid, July 4. 5000 Ww. 

Transformer Boxes, Ventilator for (M)—Elec ‘Pransmission—See Power, Electrical, Mining. 
Rev, Lond, July 10. TRANSLORTATION from an Operating Stand 

Transformer Leakage Current—Jackson, Am DS. Sutherland, Ry Rey, April 18.” 800 w. 
lec, July, Aug. W Aug 1, 29. a. M June. 

Transformer, Rotary (H)—Hanappe, L'Eclair Pransportation of Goods in ‘Towns and Cities, 
Klee, July 25. . \ . The—Eng News, May 14. 2500 w. M July. 

Transformer, | Sub-station H)—Elee Eng, 'Pransportation of Solid Matter by Rivers—Wm 
Lond, July 10. on Starling, ‘tr Assn Ciy Engs of Cornell Univ, 

Transformer, The Alternate Current—Tech, — June. 9900 w. M Aug. 
May, 5000'w. M Aug. TRANSVAAL, Problems of the—Karl Blind, N 

Transformers and Induction Motors—Schulz, — Ainer Rey, Apr. 6500 Ww. M_ May. 
Elek Anz, June 11. 4, mee TRANSVERSE Tests of Beams of Oregon Pine 

Transformers, — Alternate Current—Fleming. Win Hood, Eng News, June 25. 2000 w. ML 
Jour Soc of Arts, July 10. 3500 w. Elec Rev. sug. : 
Lond, Aug 7. kuiee Eng, Lond, July 17, Aug TRAPDOORS in Mines, The Effect of—Jas. 

i. . Blick, Am Mfr & Ir Wid, June 12, 1900 w. 
Transformers, Best Distances Between—Haas, yp ate. 
LInd Elec, Apr 25. _ ., TRESTLES, Economical Designing of 'Tim- Transformers, Best Distance Between—VPojatzi, ~ jer Al 1. Johnson, Ry Rey, Meh 21, 2700 w. 
Elektrotechn Zeit, May 28. A Max. , 

‘Transformers, Experimental ‘Tests on the In- pRrAL of the U.S. 8. Raleigh, Forced Draft-— 
fluence of the Shape of the Applied Potential —~ "q0 Rocker, Jour am ‘Soc of Nay Engs 
Difference Wave on the Tron Losses of May. 1400 Ww. MM July. Be) 
Stanley Beeton, C. Perey Taylor, and J. pR-PIPASE Currents, Measurement of Pow- 
Mark “Barr, Electn, May 15. Serial Part 1. gr of—Behn-Eschenburg, Klee Eng, June 24. 
3000 we W June 6. M July. Tri-Phase Machinery—Girault, L'Tnd isle, Transformers in’ Practice, ‘Fhree Phase Alter- “lyr To, 
nate— Berry, Elee Rey, Lond, June 19 and 26. pti baase Currents, Measurement. of-—De La 

Transformers, Tntluence of the Shape of the "pour Ttind Ble. July dO. Wo Aug S. 
Wave on the Iron Losses of—Breton, Taylor pyolley Lines, Earth Connection Safety De- 
& Barr, J Inst Blee Eng, July, vice’ for—Ulbricht, Blektrotechn Zeit, May Transformers, ‘Fest on Large “Polyphase—D. ee ay 30. 
Korda, Flee Eng, July 18. 1400 w. Trolley Line, Mountain—Elec Ry Gaz. May 10. 

Transformers, “Tests of ‘Three Phase UID pyoley Line witheut Poles—Scei Am, June 20, Korda, Elektrotechn Zeit, June 25. Wo duly OW Se ot 
18. 3 3 siti of. ‘Trolley, Some Recent Developments of — the Transformers, ‘The Maximum Bilicieney of "TT ke Am Supe Meh 2h do we ML May. 
Bernard P. Scattergood, Electn, May 29. 1000 piiiiuy System, Nevies tlib-—Blektrotechn Zett, 

rans New York City, The Outlook for ty 28 W June 20. P epee ew re ae S Pig wr by vire ¢ Curves, soeation of—PFoster, Rapid—Eng News, May 28." 2200 w. RW Gaz, TUNER Wire on Cmves, Loeat ! 
ATHY 29: 8000 Wg : ; | Trolley Wire on Special Curves, Correct Lo- 

Teupity The Crelotone di)—Eng & Min Jour, cation of CG. AL Alden, St Ry J, July. 400 w. May 9. 900 w. Pee he BEHAGIN ee IES Ga, Tune 
WRANSLATORS, Efficiency of—Wietlisbach, Trolley Wire. Stringing—Blee” Tey Gaz, June 

Elek Zeit, July 9. » ptet sores, LERECK and Checkwright, The Saw Relating— Translators," biicleney of—Breisig, ret et April 2h 1000 we AT Tune. 
techn Zeit. July 23. “Wo Aug ty. EINE aban Oberlin Smi : Awe 

TRANSMISSION at Lowell, Mich., Long Diss TUBING, Strength of Oberlin Smith, Tr Age, 
tance (I)—Elee Eng, May 20, and W Elee weXGkTEN—Moissan, L'Ind Elec, July 25. 
May 23. Wo May 30. Sones aarecitflivare L' Belair Blec, July 25. 

THiS ssig a, a Liteet Cursent Vower—HEleetn, mv NNEL, on a’ Locomotive, Through the Bal- 
July | Aug I. a i He " 2 April. 5 vy. OQ 

Transmission, HighTension Power—Hlee Eng, — mere ()—Ry Wid, April. 1500 w. Mf 
May 27. W June 13. June.



314 The Wisconsin Engineer. 

A GREAT RAILWAY. 

THE GHIGAGO, 

Owns and operates 6,169 miles of thoroughly equip- 
ped road in the States of Illinois, Wisconsin, lowa, Mis- 
souri, Minnesota, South Dakota, North Dakota and the 
Upper Peninsula of Michigan 

FIRST-CLASS 

a4, 
RESPECT. 

It is foremost in adopting every possible appliance for 
the safety and comfort of passengers, including an Ab- 
solute Block System, Westinghouse Train Signals, 
Steam_Heat, Electric Light, Vestibuled and Compart- 
ment Cars, etc 

Five first-class trains each way between Madison and Chicago 
or Milwaukee. All around good service from Madison to St. 
Paul and Minneapolis, via Portage and La Crosse or Prairie du 
Chien. 

Best service possible to Iowa points, Omaha and all Western 

points. In fact, they are in it for all points. 

For further information address 

GEO. H. HEAFFORD, 
or General Passenger Agent, Chicago, Ill. 

NELSON W. PIERCE, 
Freight and Passenger Agent, 

MADISON, WIS. 
Office, 647-649 West Washington Avenu2. 
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‘Tunnel and Subway in Philadelphia, Philadel- Ventilating—See “Hot Water and Heating.” 
phia and Reading (Ill)—Ry Rey, May 23. VIBRATIONS and Engineering — (Il)—John 
1600 w. Milne, Engng, Mech 13. Serial Part 1. “2700 w. 

‘Tunnel at Hamilton, Ont, The Construction of | M May. 
a_Railway (Ill)—Peter Mogensen, Tech, May. VIEW “Walls (II)—F, Rickard, Trans Am 
3500 w. Inst of Min Engs, July. 12000 w. 

Tunnelling by, Compressed Air (II)—E. Ww. VIPER, The Austrian Torpedo-Boat (Ill)—Eng 
Moir, Jour of Soc Arts, May 15. 10500 w. M | Lond, April 3, 1800 w. M June. 
rt wiscosit y of yp pace tice Hes, L’Eclaire 

INNBLS, Famous—Ill Car & BBuil ril 3. Elec, June 6. W July 18. 
pO a, Apmis VOLTAGH in’ three-Vhase, Cireuits, Loss of 

‘unnel, The Simpson—Eng Rey, Ma 3. 13 Heyland, Elektrotechn Zeit, July 16. 
w. M July. @ Rev, May 23. 1200 yoiive Regulator—Wlee Eng’ Lond, Apr 17, P 

Tunnel, Triangulation Preparatory to Align- June. : i 
ment of a—(Ill) William W Redfield, J Assn Yoltage Snocks, Protection Against—Bozon, 
of Eng Soc, Feb. 1000 w. M May. isiectn, July 24. W Aug 22. 

Tunnel see Subway. VOLTAIC Are—Arons, L'Elee, July 18. W Aug 
TRUSSES, La Rue’s Formula for Curvatur 5. 

of Chords in Bridge cling News; Apt as, VOLTMETER Method of Measuring Power, 
900 w. M June. , * _ The—Seattergood, Elee Rey, Lond, June 12. 

TURBINE Installation, Steam—Elec Eng, W4kSHIES. The Battle of the Yalu and its 
Lond, May 1. W May’ 23. ° Effect on the Construcuon of—L. Fer- 

TURRETS, Electric—W Elec, Apr 25. rand, Jour Am Soc of Nay Engs, May. 1:00 
TUYHRES—See Moulding. w. M July. 
TW O-W ATTMETER Method as Applied to Warships, Ventilation in—Eng, Lond, July 3L. 
Tri-Phase Circuits—B. D. Frankenfield, Wis _ 1400 w. 

peng. June. 800 w. Wi July 25. Warships, The Classification of—Engng, July ' TYPEWRITER, Telegraphic—Klee Rey, Lond. _ 3. 6500 w. M Sept. 
TYPHOID FEVER—See Wiese Warships, ‘The Design of—Hdit, Engng, June 
Uses Systems of—William Hallock, Elec WASTE in Country Places, The Disposal of— Pow, May. 2500 w. M July. Hiarvey B. Bayshore, San, Mech. 1200 w. M 
URANINICG in Colorado, Some Notes on the Maye ee a . 

erence, ors Richard Pearce, Min Ind & WATCHES: Chronograph—Engng, July 8 
OTT z, asa 2 Ww. 

URBAN TUM: News Paditions | from, Metallle—- WATER Analysis Sqn Ree, Meh 20. Serial 
Uranium, Preparation ’ a a oes 2s vart 1. w. M May. . . 

Noissnl, WeTed Bee geo, PeoPerties, of— Water Analysis and the Valuation, of Color in 
Uranium Salts, Invisible Radiations Emittea Portable, Waters, Standard Frisms ing Al- 
by—Becquerel, L'Ind Elec, Apr 10. Ww May 9. bert R. Leeds, vour Am Chem Soc, June. 

Uranium, ‘The’ Emission of New |Radiations 2°00; M July. Wonk. 3 by Metallic—H. Becquerel, Blec, July 15, 99) Water Conduit—See also, “Conduit.” Ww. ao 7 Water Currents, lutfects of Engineering Works 
UTILIZATION of Water Power—Steiger, J 8—Cyrus Carroll, Can Eng, May. 2200 w. M 

Tug lee Eng, July. “ "* July. ‘fact maser a 
SUUM, A Destroying (II)—J. C. Barrows, Water Difficulty in| Western Australia, The 

vaen= Am, June Be tow. M fae * "“_R. Radelytfe, Min Jour, June 27. 1800 w. 
‘uum scharge, Theory of—D. be M Aug. ‘ letin of Belgium ‘Academy.  Heen, Bul- \yiter for Condensing Purposes, Cooling ay 

‘Vacuum, Pump (Il)—Raps,’ Elektrotechn Zeit —W. H. Booth, Am Mach, Apr 2. 1200 w. 
pr 16. , May. 

Vacuum Steam Heating System, Pressu . Water for Drinking and Cooking, Pure—S. P. 
ords from a-—Eng News. June. 11. B00 we A Axtell, Eng Mag, Apr. | $200 Ww. M May. 
Aug. ” Water-Hammer in a Steam Pipe; the Cause 

Vacuum System of Heating, The—C. ©. Den- and its Cure (l)—W. J, Williams, Am Mach, 
nis, Ir Tr Rey, June 18. 2300 w. M Aug. Mch 12. 800 w. M May. 

Vacuum Tube Lighting, Recent Development Water Main at Columbus, Ga., Submerged (Ill) 
in—Elee Eng, Apr 29. 3300 w. M June. Tr A. —Eng Ree, June 6. 500 w. 
yee Mar. 7800 Ww. Water Maing, Laying—J. Decker, Fire & Wa- 
acuum Tube Lighting, The Ener; ter, July 18. w. . 
in Moore—Elee, May 27. 1200 grey Require Water Meters Should be Used, Why—Pav & 
M July. " “Mun Eng, July. 500 w. M Aug. 

Vacuum ‘Tubes, Current for—Green, lec Eng, Water .-eter, Schénheydeis Positive (I)—Ind 
May 27. W June 13. 5 & Bast Eng, July 4. 1400 w. 

Vacuum—See Lamp. See Lights. Water Motors, Efficiency of Nozzles for Small 
VALVES of Locomotives, Setting—Fred E. —Eng News, Apr 23. 1800 w. M June. 
Rogers, Am Mach, July. "1200 w. M Aug. Water Pay, Does Pure—Eng News, June 4, 
VANADIUM—Moissan, L'Eclair Elec, June 25. __1200 w. 2 D VAPORS Discharge “Phenonena in’ Rarified Water-Pipe Lying, Inspection of—R. P. Brow- 
Metallic—E. Weidman and G. C. Schmidt, _ er, Tech, May, 2000 w. 
Elect'n, Apr 24, 1200 w. ’ water Pipes, ‘Gutta-Percha—J. H. Morrison, 

Yanors See “Sollds and Vapors.” Ind Rub Wid, Sune 10, 2000, 50. wenton Fall 
ULTS, ed—Arch, Lond, Ma 5. y. \,ater Power Development, The Tr I 

M July: a, May 15. 2300 w.\. ater rospectO. Dunlap, Wlec Eng, April 
VEHICLES, Automobile—Pedro G. Salom, J 22. 1600 w. M June. | " 

Fr Inst, Apr. 6800 w. M May. Water Power in Blectric Harness, California— 
VENTILATION—Areh, Lond, July 24. 1600 w. _ lec mung, April 22. 1800 w. M June. 
VENTILATION and Heating, Principles and Water Renaissance—John Birkinbine, Pro Engs 
Aplications of—A Treatise, B. F. Sturtevant Club of Pha, April. 3000 w. M June. Iron 
Co., Boston, Mass. 169 Pages. M July. Age, Mar 26. 1800 w. M May. 

Ventilation. of _ Builaings—R. GC. Carpenter, Water-Right, A Utah Attempt to Settle Con- 
Heat & Ven, May 15, Serial Part 1. 3300 w. — tested—W. Hardesty, Am Soc of Ir Engs, 
M July. April, 1895. 1100 w. 0 

Ventilation of Gas-Heated Rooms—Donald Water-Power, The Utilization _ of; Hepecially: 
MeDonald, Am Gas Let Jour, April 13, 7400 with | a Small frall_-Alph. Steiger, Mlect’n, 
w. M June. % May 29. Serial Part 1, Lond, Elec Eng, May 

‘Ventilation of Schools as Effected by Poor San- 29.° 1100 w. W June 23, 27. M July. 
itary Apparatus--Heat & Ven, April 15. 2700 Water Power, The Value of—Eng Rec, May 9 
w. M June. 1200 w. M June.



316 The Wisconsin Engineer. 

= 2 

“The Natural Premitm——, 
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GOMIPADY 

of Wisconsin. 
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Sver $1,000,000 Insurance Written 
the first six months. 

yyy, RYH 

This Company —~ 
furnishes protection at reasonable rates. Its policy 

contracts are pronounced by many of our leading 

citizens to be the best in the market. We have good 

territory for good agents. 

RASMUS B. ANDERSON, WM. H. ROGERS, 
President. Secretary and Manager. 

PP HP HR HP 

Hon, W. H. Upham, Governor of Wisconsin; John A. Johnson, Presi- 
dent Fuller & Johnson Mfg. Co.; John Hunner, ex-State Treasurer, and 
others, members of Advisory Board. 

Address, W. H. ROGERS, Sec’y, 
MADISON, WIS. 

Please mention WisconsinEngincer when you write.
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Water, ‘Ihe Power of—C. A. Stone, Milling. Water Works Pumping Plants, Some Recent 
June. 1100 w. M Aug. Installations of . ower Pumps in Small ()b— 

Water Power—See Power. Eng News, May 28. 1800 w. 
Water-Powers with small Fall, Utilization of Water Works Reservoir at Vienna, Extension 

—. ager, Elec Eng, June 24. of a Covered Ga.j—Bng News, May 21. 500 w. 
Water Purification for Steam—John M’Naull. Water Works, Reservoir, Asphalt Lining for— 

Wilson, Klee Rey, Mech 18. 3800 w. M May. L. J. LeConte, Abst Paper Am Water works 
Water vurifying, Feed—Ry Age, June 13. 6800 Assn. Eng News, June 11, 2800 w. M Aug. 

w. \eater Works, Salem, Mass U1D—Fire & Wa- 
Water Supply and Typhoid Fever, Cincinnati “fer, April 25, Serial’ Part 1. 700 w. M June. 
—San, May. 2400 w. Water Works’ Scheme, Delhi—B, Parker, Ind 

Water Supplies, Animal and Vegetable Jngng, March 7. Serial Part 1. 1700 w. M 
Growths Affecting—Albert R. Leeds, Pay & June. | 
Mun Engng, June. 1400 w. Water Works, St. Vatherine’s, Ont. (1l)\—Fire 

Water Supply—Engng, July 4. 1400 w. & Water, May 9 Serial Part 1. 1500 w. 
Water Supplies, Bacteriological and Chemical yyater Works, The Astoria City (I)—A. TL. 
Studies of Public—Eng News, April 30. 1500 Adams, Jr Am Soc of Civ Eng, Apr. 1700 w. 
w. MJune. M June. 

Water Supply for Jersey City, The Specifica- Water Works, The Galyeston (I1)—Eng Ree, 
tions for a ’New—C. C) Vermeub, Eng News, “July 18. Serial Part 1. 2500 w. . 
May 7, 2800 w. M June. Water Works, The Financial Management of— 

Water Supplies, Filtrauon of Municipal Uli— Apst Paver. XN... Water Works Assn, Eng 
Eng Mag, July. 4200 w. M Aug. Ree, June 20. 2500 w. M Aug. 

Water Supplies, Filtration of Public—Allen water Works, ‘The Lowell, Mass (1)—Fire & 
Hazen, bay & Mun Engng, June. 4500 w. M Water, April 18, 700 w. M June. 

July. : Water Works, ‘The Syracuse ()—Eng Ree, 
Water Supply in 66 American and roreign “yfen 21, 400 w. M May. . 

Cities, Typlioid Fever and—Bng News, May water Works. Toledo, 0 (II)—Fire & Water, 
21 1500 Ww. April 11, 1700 w. M June. 

Water Supply, London—Engng, Meh 20. 2000 \WATTMETER in Railway Practice, The Re- 
w, M May. cording—Caryl D, Haskins, St Ry Jour, May. 

Water Supplies of Mlinois, Chemical Survey of 7990 w. W) May’ 23. 
the—A. W. Palmer, Tech, May. 00 wl M \attmeter, Universal (11)—1Kclair Elec, May 
Aug. 20. W June 27. . 

Water Supply, Mr. Allen Hazen's Report on \,"4x for Holding Work on Grinder (I1)—Am 
the Jersey City—Eng Rec, Meh 28. 1800 w.  "Yfach, April 30.700 w. M June. . 
M May. WAY, Permanent J. C.—Eng, Lond, May 8 

Water Supply of Buenos Ayres (I)—Eng Rec, Dw April 10," 700 Ww. 700. w. 

June 13. 1500 w. Way, Recent Improvements in Maintenance 
Water Supply of Liverpool, The Vyrny Works "Of" Benj. Reece, J Assn Engng Socs, May. 

for the—G. F. Deacon, Col Guird, May 8. 5960 w. M Aug. : 
800 w. WEIGHT and Measures—S. Reeve, Eng News, 

Water Supply of Manchester, The Thivemere ""yaly 30. 800 w. 
Works for the—G. H. Hill, Col Guard, May yrs, Bear-Trap (I)—W. A. Jones, Jour 

8. 1000 w. Assn of Engng Soc, June. 4200 we 
Water Supply System of Ogden, Utah, The (1) yeir, Modified Drum ()—H. a.. Chittenden, 
—W. P. Hardesty, Eng “News, May 21, 2000 “Jour “Assn of Engng Soc, June. 1800 w. 
w. WELDING, Arc-APCarthy, Blectn, May 22. 

Water Supply of Toronto, Mr. Mansergh’s Re-  yngne. May 22. W June 13. : 
port on the--Eng News, Mch 12. 3000 w. M welded Flanges, Strength of Electrically Dig 
May. ‘ Phys ‘Tests, July. Aug 29. 

Water Supplies, The Purification of Public yelding in Bnglind, Blectrie—John Marsden, 
G. Rohe, San, July. 3000 w. Ain Mach, Mch 26. \1000 w. M May. 

Water Supply of Rome, The—H. Seffman, Pro yielding Machine, Electric Wheel (Ull)—Ind & 
Engs Club of Phila, July. 2500 w. Pe ty 3h. 1000 w. ML Sept. : 

Water Supply of Small Towns, The (U)—Per- yw ep_SBACH Street, Lighting—P. P. Morrill. 
cy Grithth, Ind & Ir, April 17. Serial Part 1. "pyo Age, July 1. 2700 w. M Aug. 
3000 w, M June. WHEATSTONE Bridge for Low Resistances— 

Water Supply of the Paris Suburbs, The UID peeves. Phil Mag, May. ° 
—Wng, Lond, April 3. 700 w. M June. \Wheatstone's Bridge for the Determination of 

Water System of Burlington, Vt.. On the San- “pow Resistances, An Addition to the—J. H, 
itary Condition Past and’ Present of the Reeves Paper Phy Soe, Blectn, Mar 20,2 

J NE Water Works, Mch. 5800 w. M Jane. West Elec. July ‘4, 
May. WEATHER Bureau, The United States—E. T. 

Water System of Burlington, Vt. ‘The (I)—P. pcirt, Yale Sci M, June, 1200 w. 
H. Crandall, JON E Water) Works, Meh. yqBEL. A. Steel’ Framed) ()—Eng News, 
4500 w. M May. July 30. 400 w. 

Water, The Feasibility and Cost of Purifying wheel Record, Comparative—St Ry Jour, May, 
Badly Polluted—Eng News, Apr 2. 2400 w. 2" 400 w. 
M May. Wheels, Some Observations on—George 8. Hod- 

Waters. ‘The Bacterio-Chemical Examination "sins, ROR Car Jour, May, 1800 w. 
of Pollnted—W. EB. Adeney, Engng, May 29. yheel-Teeth, Circular—Ind & East Eng, Mareh 
Serial Part 1. 4000 w. OL, Serial Part 1. 3000 w. M June. 

Water Wheels, A New Method of Governing yyiyTH Lead, Electrolytie—Orne, Eng & Min 
HH. D. Williams, Sib J of Engng. Meh. 2000 0° y June 27. W uly 18: 
(ib. D. Williams, Sib J of Engng. Mch. White Load, Electrolytic Manufacture of 
2000 w. | M’ May. Williams. Eng & Min J. May 16. Wo May 20. 

Water Works, and Pumping Engines, Lynn yhite Lead, The Manufacture of —G. Robert- 
Mass, Its Water Supply Gil)—Fire and Wa- "son, Electn, July 10. 2000 w. W) Aug 1, 
ter, May 20. 2500 w. White Metis for Bearing Surfaces—Robert 

Water Works, Erie, Pa. (1ID—Fire & Water, payison, Prac Eng, April Iv. 1700 w.  M 
Meh 21, Serial Part 1,800 w. M_ May June. 

Water Works, Norfolk, Va. (iD—Fire & Wa- WiLMOTTE Stops for Mine Cages (1)—Col 
ter, May 16. Serial Part 1. 700 w. Guard, June 19, 3000 w. M Aug. 

Water Works of Lambertville, N. J.. Sand FH. WINDING Engine, Experimental Trials with 
ter Beds for the (ll) —C. Hungerford, Eng an Bleetrically Driven—Col Guard, April 10. 
News. July 2. 1400 w. 5500 w. M June. 

Water Works of Philadelphia, The Queen Lane WINDMILLS, ‘The Pumping Power of U1)— 
Division of the—Pro Engs Chib of Phila. 1) Murphy, Am Soe of ar Bugs, Apr 1895. 
Apru. 2800 w. M June. 2500 Ww,
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P. F. HARLOFF, 301 State St., Madison, Wis. 

Is the Safest ‘ 
Is the Cheapest 

GAS Is the Cleanest FUE L 
Is the Coolest 

Is the Quickest 

IS THE BEST FOR CULINARY PURPOSES. 

Do You Cook with Gas? If not, Why not? 

Madison Gas and Electric Co. 

a ollege Book Store 

For Bargains in Books this Fall. 

If you have got to buy any Drugs ———= 

Go to MENGES’, 
Dispensing Druggist, 
28 West Mifflin St. 

PHOTOGRAPHIC CHEMICALS.
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Windmills, Horse Power of (I])—Am Miller, WOODEN Posts, Preservation—St Ry Rev, 
May 1. 400 w. M June. Apr 15. 300 w. M June. 

WIND Pressurés at St. Louis, High—Eng Rec, WOODWORK in Spanish Churches, Carved 
June 6. 900 w. M July. (11)—Builder, April 25. 2200 w. M June. 

Wind Pressure in Mill Construction, The WORK in Car Shops, Piece—G. L. Potter, R 
‘Treatment for—James L. Greenleaf, Sch of — R Jour, April. 2300 w. M June. 
Mines Quar, Apr. 9000 w. M July. - Works of Béel Brothers, ‘The, La, Louviére. 
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6. w. M May. 
Wires in Boston, Removal of (IIl)—Elee Rey, WRECK RAISING (II)—Engng, Meh 27. 4000 
Mch 25. 3200 w. P May. M May. w. M May. 

Wires, Insulating Material for—L’Elec, Apr 4. WROUGHT IRON—See “Tron.” 
W May 9. Wrought Iron to Be Iibrous, The Conditions 

Wire Patent in England, The Three—Electn, — Which Cause—W. Durfee, Jour Fr Inst, Aug. 
July 3. 1300 w. M Sept. 

Wire Rods, Apparatus for Treating (I)— C. Wrought Iron, The Manufacture of—James 
W. Bildt, Ir Age, April 16. 1100 w. M June. — Kerr, Ir & Coal Trs Rey, April 17. 18 w. M 

Wire Rope ee Power. June, 
Wires—See Glucinum. -_ Wiring—J Inst Elec Eng, Apr. xX RAYS—Sce Roentgen Rays. 
Wiring, Hlectric—Engng, Mch 27. 16. w. M 

May. | Y Act Josephine, P, A. B. Widener’s New 
Wiring, Quick Methods of Testing for Faults Steam (Il])—Am Shipbuilder, Apr 2. 800 

in Electric—A. B. Hutchins, W Elec, Mch 21. — w. M May. 
Wiring Indoor, Apparatus for—Uppenborn, YARD Limits—R R Gaz, July 10. 1400 w. 
Electrotechn Zeit, June 11, W July 11. YOUNG'S MODULUS, The Influence of Heat: 

Wiring Interior—Am Elect’n, May and Aug. of the Electric Current and of Magnetization 
1600 w. M July. Upon—Mary C, Noyes, Phys Rey, May-June. 

Wiring Rules—Elee Rey, Lond, Apr 10. 4500 w. W > May 30. M July. 
Wiring, System in—J. 'T. Monell, Elec Pow, YU ARAN, The Ancient Cities of (IH)—Sci Am 

April. 2300 w. M June. _ Sup, May’ 23. 3200 w. M July. 
Wiring Tabie—Scott. Elec Rey, Lond, Apr 17. 
WuLVERHAMPTON Electric ‘Supply System TINS See Lead. 
(1)—Electn, June 12. 4000 w. M Aug. W 4 ZONE SYSTEM, The—Ind & East Eng, Feb 25, 
July 4. 1300 w. M May.
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Grinde, Schmedeman & Quammen, 
, PXADISON, Wis. 

We carry a First-Class Line of Ready-Made Clothing and Men’s 
Furnishing Goods. 

fn Our Tailoring Department We carry everything that is new and 

nobby. Call and examine our line. 

JOHN GALLAGHER, 

Awnings, Tents, Sails, Flags. 

YACHT SAILS A SPECIALTY. 

Washington Ave. and Bedford Sts., MADISON, WISCONSIN. 

@ ¢ : 
| Finest Cabinets 

1e Son, $3 per dozen. 

The Photographer, 23 South Pinckney St. 

SIDNEY P. RUNDELL, 

9 eo 

Hatter and [len’s Furnisher, 
7 BAST ZAIN STREET. 

’ DAVY’S RESTAURANT, san, 
NOW OPEN DAY AND NIGHT. 

Short Or ‘ers. Table Foard. Meal Tickets. Oysters in all Styles 

Please mention Wisconsin Engineer when you write.
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University of Wisconsin. 
PRR DD 

College of Mechanics and Engineering. 
a a a ; 

Offers Three Systematic Courses————= 

& CIVIL. ENGINEERING, . 
N 
q MECHANICAL, ENGINEERING, 

ELECTRICAL ENGINEERING. 
| a a a) 

It Also Affords__— 
Facilities for -extensive experimental research 
and special training in Geology, Mineralogy, 
Physics, Astronomy, Commercial Assaying, 

A Electrometallurgy, Chemistry, Electrochemistry, 
Machine Design, Testing of Materials; and 

as in Steam, Hydraulic, Sanitary, Structural, Rail- 
way, Municipal and Geodetic Engineering. 

, : a a 

The Library Facilities__— 
Are very complete, all the important Technical Journals 
and Society Proceedings in the world being kept on file 

and always accessible. 

PRR DD 
For further [nformation send for Gngineering Gireular 

or University Gatalogue. 

Address, 
Cc. K. ADAMS, President, 

2 Madison, Wis. 

Please mention Wisconsin Engineer when you write,
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