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, THE CAST WELDED JOINT. 

By GEO. A. MEAD, B. S., ’95. 

With the inroduction of elecricity as the motive power on street 
railways, many of the difficulties which had already been over- 
come again confronted the street railway manager together with 
new ones. Many of these difficulties were the result of putting 
in new construction based upon the requirements of former modes 

of traction, Street railway managers were not long, however, in 
discovering their faults and correcting them and more solid con- 
struction in both track and rolling stock was the result; the 

greater speed and weight of the cars making this absolutely 
necessary. But of all the difficulties met with in electric trac- 
tion, none have been given more thought or taxed the skill and 

, ingenuity of the engineer than the question of rails and_ rail 
joints. To those not acquainted with street railway work these
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may seem points of little consequence, but those actually engaged. 

in such work know too well the results of poor track construc- 

tion. I venture to say, that many electric roads which are not 

now paying a dividend upon the money invested can attribute 

stich to cheap construction, which means a large expense to 

keep not only the track and joints in repair, but also the overhead 

construction and car equipment, and a much larger expenditure 

of coal than would be necessary had a substantial construction 

been installed at first. 

The first requirement of a joint is that it shall present at all 

times a smocth, unbroken surface to the passage of the car 

wheel. To do this it must be strong and solid, preventing the 

adjacent ends of the rails from pulling apart due to contraction, 

also from bending down and outward due to the weight and 
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pounding cf the cars. Second, the first cost of construction 

plus the cest of maintenance shall be a minimum. 

The jcint in most common use at the present day is that 

known as the fish plate, channel bar or splice joint; Fig. (1). 

This joint is too well known to require a description. Experi- 

ence has demonstrated that for the first year or two this joint 

gives satisfaction: but about the third year, when the traffic is at 

all heavy. it begins to give trouble and becomes a source of ex- 

pense, which constantly increases from year to year, until at 

the end cf the fifth or sixth year, the ends of the rails have 

reached such a low state, it is found necessary to replace the old 

fish plates by new ones if it is desired to keep the cost of mainte- 

nance of the car equipment a minimum and give to the public a 

service with any degree of comfort. 

But with the utmest precautions which may be taken with this 

joint, there are conditions detrimental to its life over which the 

ee
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track master has no control. The rails will contract leaving a 
space between their adjacent ends such that a car of ten or 
twelve tons in weight, when loaded, in passing over this gap is 
sure to produce a “pound” upon the end of the rail it is ap- 
proaching. This “pound,” although small at first. and hardly 
noticeable is constantly increasing in magnitude and working 
havoc with the joint. Rust forms between the surface of the 
rail and plates where contact is made with each other, and the 
sliding of the rails due to contraction and expansion works this 
rust out, thus loosening the plates and allowing the rails to give 
with the weight of the cars. In time the rails become perma- 
nently low and upon examining fish plates removed from such 
joints, one finds the half which come in contact with the rail to- 
wards which the car is moving worn down as shown by Fig. 
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2, some plates being worn as much as 1-4 of an inch. 
Plates, angle irons, inverted rails. etc. have been used upon the 

sides and bettom cf the rail in connection with the fish plates 
to give greater strength and suppcrt to the ends of the rail, 
also many improved forms cf joints have been devised and 
placed upon the market which might be called truss or bridge 
jeints, and which involve many good features, but all require 
bolts cr clamps which in time become locse for the same reasons 
given before. They dc, however, increase very materially the 
life cf the rail ends, but net sufficiently to keep us from seeking 
further for a better way of fastening our rails together. 

Hew are we then to overcome the difficulties experienced 
with the fish plate joint and its many improved forms, and ob- 
tain a joint which shall meet with our requirements, namely— 
a smooth unbroken passage to the car wheels at all times, small 
first cost and small cost of maintenance?
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An ideal track would be one without joints at all, but until 

the steel rail manufacturer is able to roll for us rails in a contin- 

uous length on reels as we buy our trolley wire, we must be con- 

tent to take the rails as he can best furnish them and devise some 

method of joining them which will give the desired results. 

We have for this purpose two methods which may be em- 

ployed, namely—the “electric” and the “cast” welding. The 

former consists in uniting the rails by electrically welding their 

ends directly together making what is called a “butt weld,” or 

by welding strips along the web of the rail in such a way as to 

extend over the joint; a “butt weld,” being formed at the same 

time. This latter is known as a “chock weld” and is the better 

of the two. But up to the present time the — electric 

welding process has been more an experiment and has had but 

little practical use as compared with the cast welding process, 

which consists merely in placing around the adjacent ends of the 

rails a quantity of cast iron while in the molten state, forming 

solid and rigid joints which are difficult to detect. This method 

of joining the rails has been adopted by not a few of the larger 

roads in this country and is now attracting considerable attention 

in Europe. Although brought into practical use some three or 

four years ago the method of making such joints may still be 

new to some and for the benefit of those I will describe in a 

few words the process as used by the Chicago City Railway Co. 

A small portable cupola together with an engine and blower are 

mounted upon a truck for convenience in moving along the line 

as the work of casting progresses. The joints to be cast, if pre- 

viously used with fish plates, are opened up, the dirt removed from 

around the rails and the fish plates taken off. The ends of the rails 

are now brought into alignment. We find that with all old rails 

which have become permanently low at the joints, there will be 

a slight depression just back from the end of each rail which it 

is quite impossible to remove. This, however, is found to be an 

advantage as the molten metal which is cast around the ends 

of the rails upon cooling contracts, thus forcing the ends up suf- 

ficiently to bring them to a level with the rails proper. Should 

this bend be entirely removed before casting the joint it would 

be necessary to strongly clamp the rails from above to keep their
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ends from becoming elevated through the cooling of the casting, 
requiring considerable labor in filing down. This is also the case 
when new rails are cast welded. The sides and bottom of the 
rails for a distance of six or seven inches back from their ends are 
now scraped and cleaned with emery or garnet paper, or as is 
the more recent practice, ground by means of a portable emery 
wheel. This is to remove all rust, which is absolutely necessary 
if a thoroughly reliable weld cr union between the rails and the 
casting is desired. 
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FIG. 3. 

The joint is now ready to receive the mould which consists of 
two cast iron shells about one inch thick, and is so shaped that the 
bulk of the casting is formed about the base of the rail, Fig. 3.* 
The inner surface is coated with a mixture of linseed oil and 
plumbago to prevent the molten iron from adhering to the 
mould. In order to take up part of the strain which comes upon 
the weld, also to prevent the rails from working back and forth 
in the finished joint from contraction and expansion, should a weld 

. not be formed between the rail and the casting, a pin is placed 
in the end hole of each rail and extending on each side of the 
web from one-half to three-fourths-of an inch. These pins make 
it almost impossible for the rails to pull apart at the joint unless 
© *By courtesy of Steet Railway Review. =O OO
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the casting gives away. A metal shim is now driven between the 

ends of the rail in order to fill any opening which may exist 

and the mould clamped in place. A ladle of molten iron is 

now brought from the cupola and poured into the mould, that 

coming in contact with the mould cooling almost immediately, 

while the interior remains molten for a considerable length of 

time at a temperature of about 2400 degrees F., thus softening 

the metal of the rail about the base and tending to amalgamate 

with the same. This tendency of the cast iron to unite with the 

rail thus forming a weld is greatly assisted by the contraction 

of the iron in cooling, which forces the molten metal strongly 

towards the center, pressing it tightly against the sides and bot- 

tom of the rail. 

After cooling for a short time the moulds are removed, carried 

forward and placed on other joints. This process is continued 

until the desired number of joints have been cast. After the 

casting has cooled thoroughly the ball of the rail is filed down 

until it is perfectly smooth and level. Joints thus made are dif- 

ficult to detect by the eye after the paving has been replaced, and 

equally as difficult when riding over them. An average number 

of joints cast on a 41-2 inch rail during a run of 5 hours with 

a single cupola is 140, but as high as 168 have been cast in the 

same time under favorable circumstances. A run of five hours 

is about the maximum limit to which these small cupolas will 

work satisfactorily. as the slag which forms chokes them up, there- , 

by inereasing the time required to melt the same quantity of 

metal as at first, also increasing the amount of coke required and 

decreasing the quality of the metal for casting. The mixture 

used consists of two-thirds pig and one-third scrap iron, but with 

an abundance of old scrap of a good quality on hand, one-half 

scrap and one-half pig gives excellent results. 

The question of the contraction and expansion of the rails is 

an all important one, and has no doubt raised an objection in 

the minds of many as to the practicability of the cast welded 

joint, but let me assure those who have taken this view of the 

process that up to the present time no serious trouble has been 

experienced due to the change in length of the rails with the 

change in temperature from summer to winter months. In order
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to overcome as much as possible, at the start, any trouble fro 

this source, the casting is done at a time when the rails are at a 

medium temperature (about 50 degrees F.), thus making the 

change in length due to contraction about equal to that due to 

expansion. The most difficulty will be experienced during the 

early part of the first winter after casting the joints, for those 

which are imperfect—from blowholes usually—and were not de- 

tected while casting, are pretty sure to give way to the enormous 
strain which comes upon them through the contraction of the rails. 

The breakages are very few, however, averaging from 0.1 per 

cent. to 0.2 per cent. of the total number cast. These are re- 

paired as soon as the weather will permit by sawing a piece of 

rail of the same section as that laid and sufficiently long to com- 

pletely fill the gap. The old casting is removed, the short piece 

of rail inserted and another joint cast exactly as described be- 

fore. 

The cross section of the casting is eight times that of the rail, 

and since cast iron is one-fourth as strong in tension as steel 

we have a joint about twice as strong as the rail. Most of the 

breakages which occur take place at the joint, but these as a rule 

we find to be honey combed from blow holes, and escaped de- 

tection at the time of casting. In the case of expansion during 

the summer months but little difficulty has been experienced. 

The tendency of the rails of course is to bend in one direction or 

another due to their increased length, but owing to the assistance 

of the pavement and dirt in holding them in place, whatever varia- 

tion in gauge, alignment, etc.. of the track there may be, is so 

equally distributed its magnitude is not realized. 

Upon examining joints which have broken it is generally ob- 

served that a weld or union has taken place between the rail 

and the casting, not all over, but in spots of sufficient size to 

cause one to investigate this point still further as to whether or 

not the cast joint can be depended upon for carrying the return 

current across from one rail to the other without the use of cop- 

per bonds. As the carrying capacity of the rails on many roads 

is equal to, or greater than that required for the return circuit, 

should the cast joint be found to be such that full reliance could 

be placed upon it to make a perfect weld at every joint, then
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the copper bonding could be entirely done away with and the 
money which would be thus expended used to help pay the cost 

on the cast welded joint. In order that a weld shall take place 

between the rail and the casting it is absolutely necessary that 

every particle of rust or oxide be removed, and this in turn de- 

pends upon the honesty of the one in charge of the work and 
the care he takes in inspecting each joint before being cast. Care 
should also be taken that the molten iron is at a sufficiently high 
temperature to produce a weld. Any defects as regards blow- 
holes of a serious nature can as a rule be detected with a ham- 
mer, and those found defective removed and cast again. Cast 
joints which are alone depended upon to serve as bonds should 
from time to time be tested for conductivity by sending through 

EE _ SS 

ESE 4 
gp BEE Log gn & | 
EE “= —“n” or 

( eV SMM OD) —————= el iy OF ID 
, wee 
Ss ES Q\\ Rds wee 

/ is EE i), = 
am 

Fia4. 

the joint as large a current as possible, and measuring the drop 
by means of a very low reading volt meter. This seems quite 
necessary, as a joint which today has a perfect weld may at some 
future time break the weld due to the strains of contraction and 
expansion and_ still not be noticeable to the eye, as the pins cast 
into the rail will keep the ends from pulling apart. This does 
not destroy its efficiency as a joint, however, but does destroy its 
use as a bond, offering a path of high resistance to the return 
current.* — If one depends only upon the cast welded joint as a 
bond, he is not positive at all times that his return circuit is com- 

“Notes on Electric Railway Return”, GW. Knox. St. Ry. Rev., Dec. 15, '96; Track and Track Joints—Construetion, Maintenance and Bording; M. K, Bowen. Trans. Am, St. Ry, Ass., 1896-1897,
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plete, but let him place a copper bond around the joint and his re- 

turn circuit will be equal to the best that our present methods 
of bonding will permit of. © When copper bonds are used in 
connection with the cast welded joint the method of applying 

them is shown in Fig. 4. 

One question in my mind as to the durability of the cast weld- 
ing process is, whether the severe strains upon the rails and joints 
due to their contraction and expansion will not in time result in the 

crystalization of the metal, thus causing a large number of break- “® 
ages of both rails and joints long before they have paid for them- 
selves and the time for track reconstruction is arrived. Our ex- 
perience with this joint has not been of sufficient length as yet 
to determine what the results will be as regards this point. 

In the use of the cast welded joint we have a method of join- 
ing our rails together which gives absolute satisfaction as re- 
gards strength and rigidity—a method which prevents their ends 

from separating, from bending down, producing low joints, and 

from bending outward. Three years of service on lines having 

as heavy traffic as can be found, has done much to prove its prac- 

ticability. The cost of maintenance for the three years has been 

almost nothing and to all outward appearance they seem to be as 

strong and rigid as when first cast. 

PERMANENT RAILWAY CULVERTS. 

By W. A. ROGERS, B. C. E., ’88. 

Assistant Engineer Bridge and Building Dept., C. M. & St. P. R. R. Co. 

When a railway is first built the bridges, especially the less im- 

portant ones, are usually constructed of wood. This is a wise 

policy aside from considerations of economy and speed of con- 

struction for the reason that the conditions of rainfall, the size of 

the streams and the velocity of their currents is not well under- 

stood, therefore making it impossible to properly proportion the 

bridges to suit the requirements. They are therefore as a rule 

larger than necessary for the amount of water which is to pass 

through them. As the business of the railway increases and the 

line becomes of more importance the wooden bridges are re- 

placed by the more permanent structures of masonry, iron or
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steel. This latter class of construction is usually designated as 

“permanent bridge or culvert work.” By the term culvert we 

mean any opening through an embankment having a solid top, 

which is covered with dirt and ballast and has the track rails laid 
on ordinary track ties. The designing and constructing of iron 

bridges is treated of in our ordinary college text books. Deserip- 

tions of the larger and more important bridges built during re- . 

cent years have been published in current engineering literature, 

but the ordinary culvert, its description and methods of construc- 

tion is seldom discussed. A large proportion of the money spent 

on permanent work by the western railroads, however, is spent 

in constructing culverts of the various kinds, and in their con- 

struction a great opportunity of exercising skill and economy in 

designing and good management is offered to the engineer. 

The writer has chosen in this article to describe the practice 

in designing and building this important class of permanent work 

as adopted and in use by the railway bridge and building de- 

partment with which he is connected. 

Permanent work culverts may be divided into the following 

classes :— 

Tron pipe culverts. 

Masonry culverts: 

(a) Box culverts—Stone top, rail top, and I beam top. 

(b) Arch culverts. 

TRON PIPE CULVERTS, 

The smaller openings, ranging from 20 in. to 4 ft. and 5 ft. in 
diameter are usually made with cast iron pipe. This is cast in 
6 ft. and 12 ft. lengths and of various diameters from 18 inches to 

60 inches. The smaller size is rarely used from the fact that a 

man can not crawl through it to clean it out. Twenty inches 

in diameter is the smallest customary size. Fifty-four and sixty 

inch pipe are going out of use because they are frequently 

cracked by the weight of the fill placed above. 

[ron pipe culverts are commonly used to replace two kinds of 

structures: pile bridges and timber culverts. The building of 

an iron pipe culvert through a pile bridge is a simple matter. The 

sections of pipe are unloaded near the site and are rolled and
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pulled into place by means of bars and tackle. Building one 

through a timber culvert where the opening is still intact is not 

much more difficult but when it is not large enough to admit the 

pipe the operation becomes more complicated and expensive. If 

the fill is of a material which stands well, tunneling through the 

bank is often resorted to. This process is quite simple. The 

dirt slope is cut straight down as close to the track as may be, 

in order to shorten the length of the tunnel and then the opening 

is commenced, of a size a trifle larger than the pipe. If neces- 

sary to prevent caving the roof is supported by means of a row 

of posts through the center. After the tunnel is cut through 

the fill, the pipe is immediately pulled into place before the earth 

caves in. Ina fill of soft material, sand or gravel which will not 

permit of tunneling, it is usually necessary to build a temporary 

bridge to carry traffic while the entire fill is being excavated. 

In all cases it is necessary that the pipe shall have a firm foun- 

dation to prevent undue settlement and also that after being placed 

in position the earth shall be well tamped around the lower half 

of the pipe. If the soil is soft a platform of old bridge timbers, 

6 feet or more wide, is often placed under the pipe to distribute 

the load over a wider area. A moderate amount of settlement 

in the culvert is not considered objectionable unless it is uneven, 

having the effect of unjointing the different sections of pipe. This 

is often provided for by laying the center of the culvert slightly 

above a line drawn between the two ends. Formerly pipe cul- 

verts were built almost universally with a masonry wall at each 

end. By this means they were shortened, thus saving one or 

more lengths of pipe. The cost of the pipe saved was more than 

the cost of the masonry ends and this was therefore true econ- 

omy. During the last few years, however, the cost of cast iron 

pipe has decreased very materially so that. now it ‘s cheaper to 

put in the extra lengths of pipe than to build the masonry ends. 

The masonry is therefore usually omitted unless there are other 

reasons for its use. There are places, however, where it is neces- 

sary by this means to protect the fill at the end of the pipe from 

the action of the water. The pipe culvert fills a very important 

place in the construction of the permanent openings of a railway, 

taking the place of the more expensive small stone culverts.
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Among its valuable features are the ease and economy of its con- 

struction and its smooth interior offering no obstruction to the 

flow of water. 

When a permanent opening exceeding about 12 sq. ft. in area of 

cross-section is desired, some form of masonry culvert is usually , 

constructed. The masonry culvert may be divided into two gen- 

eral classes: Box culverts, whose inside section is rectangular;. 

and arch culverts, whose inside section has a curved top. In any 

case the question, whether to use a box culvert or an arch, is one 

of utility and economy. The box culvert is at present limited 

to a maximum span of 16 feet, although it is neither impossible 

nor impracticable to build a box culvert of a 20 foot span. 

In general the arch culvert requires a firmer foundation than 

the box culvert as a slight settlement of the walls of the arch has 

the tendency to destroy its equilibrium and wreck the structure. 

A settlement of the walls of a box culvert unless very unequal 

has little effect except to cause more or less unsightly cracks. 

It is therefore necessary to take greater precautions against set- 

tlement in the case of an arch than of a box culvert, and in general 

: it may be said that wider footing courses are necessary and the 

foundation is more expensive in the case of the former than in 

the latter. The walls of the arch are usually made heavier than 

those of the box culvert because of the somewhat uncertain ac- 

tion of the stresses induced by the earth filling. Those induced 

in the walls of the box culvert, due to the same cause, are only 

the vertical, due to the weight of the material on the cover and 

the horizontal pressure of the earth on the sides. [For the same 

grade of masonry at the present prices there is little difference 

in cost between the arch and the box culvert of the same area 

of cross-section up to about a 6 foot span, but as the span in- 

creases above this amount the cost of the arch becomes increas- 

ingly greater than the box culvert as we build them. 

With this brief note of comparison between the two different 

classes of masonry culverts, we will pass to the points of construc- 

tion which are common to both. The first consideration in any 

case is the foundation which is dependent upon several things: 

the soil and the weight to be imposed on it, the size and kind of 

structure to be built and the manner in which the water flows 

through the culvert.
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Foundations ordinarily used in culvert work may be divided 

into natural, in which the masonry rests directly on the natural 

soil; grillage, in which it rests on a timber platform used to dis- 

tribute the weight over a greater area than that of the footings; 

and pile, in which the load is transmited by means of piles either 

to a hard strata lower than it is practicable to go with the ma- 

sonry or to the surrounding soil-by means of its friction against 

the piles. 

Of the natural foundations rock is of course the firmest we have, 

although it is not alwaysthe cheapest. It rarely ever lies in just 
the shape desired, the bed is not level, or it is rough and un- 

even, or there is a rotten layer on the surface which has to be 

quarried off. In any case it is necessary to remove the loose 

rock to make the top surface of fairly level planes if stone ma- 

sonry is to be started directly on the rock or to level up the sur- 

face with a layer of concrete. The surface must be cleaned and 

washed carefully to remove any dirt which will interfere with the 

adhesion of the mortar. Where concrete is used it is well to 

» drill holes in the rock bed and put in iron dowels allowing them 

to project into the concrete in order to prevent any sliding of the 

«concrete on the bed. 

Hard pan, gravel and clay each furnish excellent culvert foun- 

dations with no danger from settlement if the footing is proper- 

ly proportioned. Ordinarily sand if not exposed to scour and 

quicksand if confined make good natural foundations. Three feet 

is about the usual depth to which we go for this class of foun- 

dations, for the moderate sized culverts provided the soil is firm 

enough. In deciding on the depth of foundations necessary the 

question of erosion is to be considered as well as the firmness of 

the soil. Where the current is strong it may be necessary to 

increase the depth materially under the point where the soil is 

of a sufficient firnmess, in order to be below where the current 

will cut. A culvert washes out by undermining the foundation, 

beginning usually at one of the ends and this is usually at the 
lower end. The water in discharging digs a hole just at the 

lower end of the culvert. This gradually grows deeper and 

larger until it reaches far enough back under the masonry to 

ause a section to fall. The next bad rain is apt to Seat” back
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farther and take another section or complete the destruction of 

the culvert. This is the frequent operation especially when the 

water discharges through the culvert under a head at times of 

severe storms. The writer has in mind a large culvert which 

probably failed in this way and of several arches which were 

damaged in the same way during the last two springs. 

Oceasionally an arch fails by the undermining of the walls near 

its center. A small arch on one of the divisions of the railway 

cn which the writer is employed was partially washed out in 

this way this past spring. To prevent this injurious effect of 

strong currents we build masonry cross-walls level with the floor 

and of the same depth as the footings at right angles to and 

between them. They are placed from 6 feet to 10 feet apart 

from one end of the culvert to the other, the number being va- 

ried to correspond to the danger apprehended from erosion. 

Stene paving is placed between these cross walls as an addi- 

tional precaution. In exceptionally bad places a concrete floor is 

built between the lower wings as well. These cross walls serve 

as struts to keep the pressure of the earth from crowding the 

walls together as well as to prevent scour. 

Where the soil is of a yielding nature and still is not soft 

enough to require a pile foundation, or where there is a thin firm 

strata overlying a soft one and there is danger of breaking the 

crust; and it is not practicable to broaden the footing courses 

enough to spread the weight over a large area and prevent in- 

juricus settlement, a timber grillage is used. It is usually made 

of stringers, caps or ties taken from bridges which have been re- 

newed. This material is as good as new for this purpose and 

wil! lasc as long. It should be placed low enough so that it 

will always be wet. The grillage usually consists of a single 

course of timber laid at right angles to the direction of the wall 

and cof a width great enough to spread the load over a sufficient 

surface. For the smaller box culverts in moderate fills this class 

of foundation usually suffices for even very soft soils. A pile 

foundation adds very materially to the cost of a culvert and is 

to be avoided where practicable. [rom the consideration of 

bridge masonry we get the idea fixed in our minds that the settle- 

ment of all masonry, either bridge or culvert, is something to be
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prevented at any cost, but in reality the settlement of an unim- 
portant box culvert is of slight consequence if the amount is small 
and uniform throughout. As an example of this class of foun- 
dations, a rail top culvert built several years ago, may be men- 
tioned. It was 10 feet wide and 5 feet high inside and was in 
an 8 foot fill on a peat swamp which was almost bad enough to. 
be called sink hole. To have attempted a pile foundation would 
have been very expensive. 

A grillage consisting of a single course of second-hand bridge 
stringers 10 inches thick and 14 feet long was laid with the timbers 
at right angles to the walls. The masonry was built on this plat- . 
form with the expectation that it would settle and the grillage 
used so that it would be uniform and of a moderate amount. It 
did settle somewhat, but was not at all injured in so doing. 

There are places where the soil is very soft and yielding or 
where there is great danger from scour, at which pile founda- 
tions are necessary. Pile foundations for culverts are much the 

same as those built for ordinary piers or abutments, consisting of 
two or more rows of piles driven hard, cut off below low water 
mark and either capped and a floor of timber put on or else cut 

off and surrounded by a mass of concrete for one or two feet be- 

low and above their tops. In culvert work it is rarely the case 

that all of the piles can be driven by means of the track driver 
on account of the distance from the center of the track to the 

ends of the culvert being frequently greater than the reach side- 

ways of the pile driver. This necessitates the use of a land driver. 

In places where the soil is very soft and the distance to the hard 

bottem is considerable, there is danger that the top of the foun- 

dations of the two walls may be sprung towards each other by 

the pressure of the earth filling. This is prevented by placing a 

number of timber struts between the foundations. The cost of 

a pile foundation averages from $10 to $15 per pile under ordinary 

conditions; i. e., where there is little delay in driving the piles and 
the water, is not very troublesome. ‘ 

After’ the foundation is completed the next operation is to 

build the walls of the culvert. There are three general classes 

of mascnry used in ordinary culvert work: stcne masonry, con-
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crete masonry, brick masonry. These three general classes are 

frequently combined in the same structure. 

There are three kinds of stone masonry used in culvert work. 

Our bridge stone masonry consists of regular horizontal courses 

of huge stone laid in cement mortar, the courses varying in 

thickness from 14 inches to 24 inches, decreasing in thickness 

from the bottom to the top of the wall. The stones are dressed 

to parallel beds and laid with joints not exceeding 1-2 inch in 

thickness. This class of masonry is very little used in culvert 

work except in large arches. It necessitates the use of a derrick 

in its construction and the cost per cubic yard is considerably 

more than that of the other classes. With present prices for 

wages and material it costs from $6 up per cubic yard, depend- 

ing on the stone used and the amount of cutting required. 

The next class of stone masonry used is block rubble. It dif- 

fers from bridge stone only in the thickness of the courses and 

in the size of the joints allowed, the former varying from 8 inches 

to 14 inches, and the latter not more than 3-4 inch. This class 

of masonry has been used for walls of box culverts and bench 

walls of arches. The writer is not in favor of its general use. 

The pieces of stone are of such dimensions that they are too 

: heavy to be economically handled by hand and too small to be 

economically handled by derricks. The cost of labor in building 

is practically the same as in bridge stone masonry. The use 

of a derrick is very objectionable where the boom has to be swung 

across the track as it necessitates more or less hindrance and 

danger to traffic. This is to be avoided as in these days of fast 

trains bridge departments are expected to do their work without 

the slightest interference with passing trains. Its cost differs 

from that of bridge stone practically only in the price paid for the 

stone of the two qualities. 

Common rubble masonry is the class most used in our culvert 

work, although the use of concrete is increasing each year. The 

cost of the concrete is a little less per cubic yard than that of 

common rubble and the decision whether to use concrete or com- 

mon rubble in a given case is made in part by the distance the 

materials have to be hauled. What we designate common rub- 

ble masonry in our culvert work is in reality a better class than
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the name indicates. It is made of stone not less than 6 inches 

thick, 16 inches long and 10 inches wide, laid in beds approx- 

imately horizontal with cement mortar joints about 1 inch in 

thickness. The ends of the walls, steps and top of the wall are 

built of stone which are large enough to extend clear across. 

The stone in the wall is laid with only enough cutting to make 

proper joints between adjacent face stone and to square up the 

front edge of face stones. The work is generally coursed for 

the reason that the stone which we principally use lies in strata 
with parallel beds and of very even thickness, varying from 

6 inches to 9 inches so that it is easier and cheaper to course the 

work than to build it broken range. The main consideration in 

this class of work is to have good stone and to use a first class 

mortar, to fill the joints and beds full, leaving no holes unfilled. 

The strength of a common rubble wall is dependent on the 

quality of the mortar and the way the latter is used. The qual- 

ities which make this class of masonry adapted to culvert work 

are several. It is economical, costing in the neighborhood of 

$4 per cubic yard, varying with the cost of the stone and the 

price of labor. It can be built without the use of derricks, there- 

fore doing away with any interference with the track. Culvert 

walls are only used to resist the steady, even pressure of earth 

filling for which this class of masonry is well adapted. 

The use of concrete in culvert work is increasing each year. 

It is seemingly an ideal form of masonry for certain classes of 

this work where proper broken stone can be economically ob- 

tained. It has not been in general use long enough to say pos- 

itively what the results will be when subjected to the freezing 

and thawing of water as in a culvert in which water stands 

throughout the year. The probabilities are that if properly made 

and protected by a facing of good mortar that it will resist the 

action of the frost as well as the ordinary stone masonry. The 

requisites of a good concrete are, good materials and thorough 

mixing. The cement used should be of a goed quality and 

adapted to the work for which the concrete is intended. Tor 

ordinary culvert work a first class material cement such as Mil- 

waukee, Louisville, Rosendale, and others of like quality, may be 

used. Each shipment of cement should be properly inspected 

2-Wis. Eva.
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and none but first class used. The sand must be clean, sharp, 

coarse and free from all dirt. A sand with grains of uneven 

size is preferable for the reason that the small and large grains 

fit together, leaving fewer voids. 

The broken stone should be hard, angular, free from dirt and 

dust and varying in size from: that of a hazel nut to that which 

will just pass through a 2-inch ring. The hard, blue limestone 

found in the vicinity of Milwaukee and Waukesha, Wisconsin, 

makes an excellent crushed stone. 

Having the requisite materials, the next thing is to decide up- 

on the proper proportions of the different ingredients, bearing in 

mind that first the cement must be in excess of the voids in the 

sand, then that the mortar must exceed the voids in the broken 

stone. We find, using Milwaukee cement for our concrete and 

with a good coarse sand and broken stone similar to that de- 

scribed, that a proportion by volume of about one part of cement 

to 1 1-2 parts cf sand to 3 1-2 parts of broken stone is about 

right, the exact proportion to be determined in each case by ex- 

amination of the materials used. Great care should be exer- 

cised in mixing the ccncrete, using an amount of water which 

will permit of ramming it well. 

The writer was formerly an advocate of a very dry mixed con- 

crete, but he has changed his views somewhat on finding that 

better work can be done with a moderately wet mixture, in cul- 

vert work, in which the mass is moulded in comparatively nar- 

row walls between wooden frames which absorb more or less of 

the water of mixture before it has completely set. If the soil is 

hard the ordinary method of procedure is to dig the foundation of 

the exact size desired for the footing course and then fill the 

hole with well rammed concrete. 

Then a frame of plank, the shape of the wall is built. The 

plank on the exposed face of the wall is surfaced so to give 

that side a smooth finish. 

The concrete is deposited in the interior of this frame in lay- 

ers from 6 inches to 8 inches thick and well rammed to place. 

A facing of Portland cement mortar from 1 inch to 2 inches 

thick is built in the following manner. On all exposed faces of 

the wall a board is placed about 2 inches from the side of the
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frame which it is desired to face, and the concrete is deposited 
back of it. 

The space between the board and frame is filled with Port- 
land cement mortar of the proportion one part of cement to two 
parts of sand, and then after removing the board the concrete is 
rammed well into the mortar, forming so intimate a mixture of 
the two that the facing will not peel off. This facing forms a 
protection against the action of the elements. Concrete work, 
when properly faced, has a very pleasing appearance and will un- 
doubtedly prove durable. The cost of this class of concrete 
work under like conditions is about 50 cents less per cubic yard 
than common rubble. It is done with a crew of about ro laborers 
and a foreman. ‘The cost, of course, varies with the price paid . 
for labor, cement. sand and broken stone. The large item in the 
cost being that of labor, it alone amounting to nearly 50 per cent. 
of the whole. 

Brick masonry has been used for culvert work to some extent 
in building arches, but we do not use it at present except, in 
building the ring of arch culverts. For this purpose we use a 
paving brick of about a No. 2 quality, set in either Portland or 
natural cement mortar of the proportion of one part of cement 
to two parts of sand. The cost of brick masonry where paving 
brick is used is considerably more than that of either concrete 
or common rubble. The cost of the brick in a cubic yard of 
masonry about equals the total cost of a cubic vard of either com- 
mon rubble or concrete. It is therefore but little used from 
economical reasons if from no others. 

Having described the different classes of masonry used in our 
culvert work, the distinctive features in the construction of the 
different forms of culverts will now be touched upon. 

The box culverts may be divided into different classes accord- 
ing to the covering, as follows: 

Stone Top Culverts, 

Rail Top Culverts, 

I Beam Top Culverts. 

The stone top culvert has side walls of masonry with a cover- 
ing consisting of large, flat stones. spanning the opening and 
bearing at least one foot on each wall. The thickness of the cover



568 The Wisconsin Engineer. 

stone varies with the distance spanned. Stones without flaws 

and imperfections are required for this purpose. Stone boxes 

yary in size from about 2 feet wide and 2 feet high, to 4 feet wide 

and 5 feet high, although they have been built 5 feet wide. 

This was a very popular form of culvert until a few years ago, 

but the cheaper cast iron pipe chas taken its place to a large 

extent. They have, however, served a very useful purpose in the 

development of the western railways. The writer has, during 

the past few years, examined many of this class of culverts which 

have been built from 20 to 40 years and are still in good condi- 

tion. The weak point is, however, in the top. The cover 

stones, especially in the wider spans, are apt to break in time, 

. causing considerable expense to repair, if the fill is a high one. 

The rail top culvert is an outgrowth of the stone top culvert. 

Until within a few years, in places where openings too large for 

the stone box were required and where a bridge was not desirable, 

an arch of some form was built. 

The idea of using scrap rails of various lengths was suggest- 

ed and from that starting point a distinctive form of culvert has 

been developed. Economy is the watchword in all branches of 

the railroad service and any idea which has merit and is truly 

economical is eagerly sought after. The use of rails for the 

covering of culverts serves the double purpose of furnishing a 

use for short pieces of old rails which are of no value except as 

scrap and it also permits the building of culverts, other than 

arches, of a larger span than formerly. As at first used, the 

rails, sometimes in two layers, were simply placed on the top of 

the walls and the earth filled over them. From this by grad- 

ual improvements a culvert has been evolved in this bridge de- 

partment, which is unique in many particulars. It is built in 

5, 6, 8, lo and 12 foot spans through fils of any height, provided 

only that there must be at least 2 feet 6 inches from the top of 

the opening to the base of the rail. This is to provide room for 

ballast over the covering. The height of the opening is, in gen- 

eral, less than the width; but may be of any amount as the re- 

quirements of the place may dictate. 

The walls of our rail top culverts are built of either common 

tubble or concrete. The covering is made with rails laid on the
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flange parallel to the track across the opening between the two 
walls. Over and between the rails and extending to the back 
of the wall, concrete is placed to serve a double purpose; to form 
a tight covering and to prevent in a measure the rusting of the 
rails. In the case of common rubble walls a smooth bearing is 
cut for the rails on the top of the walls and a shoulder of about 
one inch is left in the masonry against the end of the rails so that 
they will act as struts to prevent the crowding together of the 
walls of the culvert by the pressure of the earth filling. Where 
concrete walls are used a smooth bearing of Portland cement 
mortar is made for the rails and the concrete back of the ends of 
the rails is left rough so that the conerete covering and the 
walls will join together, forming one mass and acting together 
in the same manner as in the case of the common rubble walls. 
The strength of the rail covering is proportioned roughly to the 

load that is to be borne. Its exact proportioning is for many 

reasons impossible and unnecessary. The strength of the rails 

is impaired through the reduction of the section by use in the 

track and will be further impaired by corrosion. The manner 

in which the earth pressure acts and the way in which the load 

. due to the passing trains is distributed is not well understood, 

making it impossible to tell what the load is in any given case. 

An assumption as to the earth loading and the action of the train 

load is made which is on the safe side and the rail covering is 

proportioned roughly according to this assumption. This is done 

by varying the size of rails used from the 56 Ib. to the 75 Ib. 

section, and also by the spacing of the rails. They are either 

laid close together, the flange of each rail touching that of the 
next one or else they are spaced about 9 inches center to center 
and the space between filled with brick, placed side by side on 
their flanges to keep the concrete covering in place till set. In 

the case of large spans and high fills I beams are also added in 

the part of the covering directly under the track. The concrete 
covering varies in thickness from 6 inches to 1 1-2 feet above 
the top of the rails and is made of either Milwaukee or Portland 
cement. The former is used in the case of the narrower spans 
and the low fills; and the latter, in the case of the wider spans 
and the higher fills. The thickness of the concrete is increased
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as the height of fill increases. The strength of the concrete is 

disregarded in proportioning the covering. 

A parapet either of stone or Portland cement concrete resting 

on rails is placed at either end of the cover to catch the earth 

slope. 

A plan of a rail top culvert, now under construction, which is 

typical of this class as built by the Bridge & Building Depart-
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ment, of which the writer is a member, is shown. The arrange- 
ment of the rails and the spacing with brick may be seen. The 
plan shown is of the widest span we build and as will be no- 
ticed, is in a high fill. The rails are therefore of a heavy sec- 
tion and laid close except towards the ends where the height 
of filling is less and an I beam is placed between every 4 rails 

directly under the track. 

The rail top culvert is proving of immense value in the con- 
struction of the smaller permanent openings, and this company 
has built more of them during the last two years than of all 
other masonry culverts. 

The I beam top culvert is an adaptation of the rail top to wider 
spans. 

I beams of various sizes being substituted for the rails with 

this difference: that the I beams are not laid close but are al- 
ways spaced by means of brick. It has been used for spans of 
15 feet and 16 feet, but may be used for 20 foot and even 25 foot 
spans. 

Arches are built of spans varying generally from a minimum 
of about six feet. The smaller sizes are usually built of com- 
mon rubble and brick or concrete, while the larger are common- 

ly built of bridge stone. 

The common rubble arch ring is built of stone of the same 

quality as the ordinary common rubble work, except that an at- 
tempt is made to select stones of a size which are wide enough 

to extend the full depth of the ring. 

The face of the stone is roughly hammered to a line. The 
joints at the inside are about one-half an inch and are wider 
toward the outside. 

We have been using Portland cement mortar to set the arch 
ring. 

The face stones are larger and selected from block rubble. : 
The spandrel backing is built of the smaller stones, which 

have been left after selecting those for the sheeting. 
The ends, the steps of the wings, and the coping of the parapet 

walls are made of block rubble. 

The ring is often made of brick and the rest of the arch of 
common rubble
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A few years ago a number of arches were built on this rail- 

way entirely of brick. 

It is a question, however, whether the well built rubble arch 

is not fully as durable as the brick 

The concrete arch for railroads is in a more or less exper- 

imental stage. A disadvantage in the use of concrete for arch 

culverts is the fact that, as a rule, it is desirable to fill over the 

culvert shortly after its completion, but the fact that the con- 

crete takes more or less time to set prevents this. Where there 

is sufficient time for it to properly set, there is little doubt but that 

it is suitable for arches. 

At present there is under construction on this railway a semi- 

circular arch 18 feet in diameter with 7 foot bench walls through 

a 26 foot fill. The wings are of common rubble, the footings 

and bench walls are of Milwaukee cement concrete with a com- 

mon rubble facing and the ring is of Western Portland cement 

conerete with a single inside ring of Galesburg paving brick. 

This culvert will be filled over this fall. 

An 8-foot rubble arch and a 10-foot arch with a brick ring and 

the rest of common rubble has just been completed. 
The plan of the 8-foot rubble arch is shown. 

Larger arches are usually built of cut stone and are quite ex- 

pensive. 

Where economy is a consideration some form of bridge, such 

as a steel trestle or a girder span on masonry abutments, is 

usually preferable, even though the arch may be the more 

esthetic structure and even the more desirable from the stand- 

point of operation. 

In the foregoing the writer has touched upon some of the 

points to be met with in the construction of an important part 

of the work of a Railway Bridge Engineer. 

The practice in this work, as in all other engineering work, is. 

constantly changing and improving. 

What is considered good practice at one time is not so con- 

sidered a few years later on account of changed conditions. A 

few years ago the question of first cost was not as important an 

item as at present. 

In these late years every plan must be weighed in the balance 

of economy and if found wanting, rejected.
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He has tried to treat the points which are of interest to the 

young engineer and has undoubedly gone more into detail for 

this reason than would otherwise have been necessary. 

THE ELECTROLYTIC DECOMPOSITION OF THE 

CHLORIDES OF SODIUM AND MAGNESIUM.* 

By M. C. BEEBE, B. S., ’97. 

The enormous quantities of bleaching powder which are con- 

sumed yearly in various industries and for various purposes has 

been the incentive for the numerous applications for patents on 

various forms of apparatus for decomposing sodium or magne- 

sium chloride by electrolysis, their object being to produce a sub- 

stitute for bleaching powder at a lessened cost. The matter has 

received much more attention abroad than in America. 

It has long been known that by electrolysing a sodium chlor- 

ide solution that the result was a liquid which possessed excel- 

lent bleaching properties. The primary elements liberated are 

sodium and chlorine, but these immediately recombine and form 

sodium hypochlorite (Na Cl O) unless special provision is made 

to prevent this. By placing the electrodes in separate compart- 

ments of the electrolytic cell, the products of electrolysis may be 

kept separate and it is on special forms of diaphrams and parti- 

tions for this purpose that most of the patents have been granted. 

As early as 1851, Charles Watt attempted to decompose so- 

dium chloride on a commercial basis, using primary batteries 

as a source of power. Since the perfection of the dynamo the 

matter has received fresh impetus and several plants are now 

operated on a commercial basis. In this article only the apparatus 

in which no attempt is made to keep the products separate will be 

considered. 

The solution formed owes its bleaching properties to com- 

pounds which are the result of secondary reactions in the cell. 

It is said that it possesses greater antiseptic powers than corro- 

sive sublimate, and as a bleach has the advantage over other 

“Abstract of a thesis submitted for the degree of B. 8. in Electrical Engineering, 
received special honors.
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bleaching agents that it is slightly alkaline or neutral and owes 

its bleaching action to a hypochlorite and not to a mixture con- 

taining an excess of a base which is harmful to the articles to be 

bleached. The principal commercial apparatus for the production 

of electrolytic hypochlorite is one developed by Hermite, a French- 

man. His apparatus has been tried experimentally at Worthing, 

England, for the disinfection of the sewage of that town, and 

tests at this plant have shown it capable of doing much toward 

the solution of the sewage problem. It is also being used to 

some extent as a substitute for bleaching powder in the bleach- 

ing of paper pulp and textile fabrics. 

His apparatus consists of a galvanized iron tank in which the 

decomposition takes place. The anodes are made by mounting 

platinum gauze in an ebonite frame, these anodes being fastened 

to a copper bar by a leaden lug. Between each pair of anodes 

is a zinc cathode. The cathodes are discs mounted ona re= 

volving shaft, each being provided with a scraper which cleans 

it as it revolyes. While running, a white deposit adheres to the 

cathode which, unless removed, increases the resistance of the cell 

greatly. This white deposit is probably hydrate of magnesium 
formed according to the following equation: 

Mg Cl, O, + 2 HO =Mg H,0,+2HC1O 

Hermite’s process is a continuous one. The electrolyte enters 

the tank through a well perforated pipe which runs along the bot- 

tom of the tank and after passing up between the electrodes it 

overflows into a trough which surrounds the top of the tank. 

From here it is conducted away for use. After being used in 

bleaching vats it is returned to the electrolyser and regenerated. 

Sea water is used for the electrolyte where available, but a solution 

containing 5 gms. Mg Cl, and 50 gms. Na Cl per litre is used 

where sea water is not obtainable. 

~ The resistance of the electrolyser is about .oo122 ohms. — It 

is claimed that the scdium chloride is not decomposed during 

the process but merely serves as a conductor. This seems rather 

improbable since the E. M. F.'s of polarization of the two salts 

(Mg Cl, and Na Cl) are so nearly alike. 

It has been shown by experiments at Worthing, Eng., that the 

electrolysed solution containing .25 gms. of available Cl per litre
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is an excellent decdorizer, but to effect sterilization of sewage a 

solution containing at least 0.75 gms. Cl per litre is necessary. 

Dr. Ruffers found further, that solutions containing .5 gms. per 

litre lost 90 per cent. of their strength in 24 hours, but stronger 

solutions were more stable, one containing 1.05 gis. per litre lost 

only 7 per cent. in 24 hours. The greatest loss seems to take 

place during the first twelve hours. 

As to the power required it is said that a common size of Her- 

mite’s electrolyser requires 1.200 amps at 5.5 or 6 volts. This 

electrolyser is capable of producing 2.2 pounds (1,000 gms.) avail- 
able Cl per hour. The theoretical amount liberated per amp hour 
would be 1.32 gms. Hermite himself says, 10 H. P. acting for 
24 hours will produce the equivalent of 100 Kg. of dry chloride 
of lime. 

Mr. A. E. Woolf of New York has given the matter consider- 
able attention and has installed several experimental plants under 
the name of the Woolf system. The system used by him is very 
similar to Hermite’s and what is true of Hermite’s solution is 
true of Mr. Woolf's. He uses tanks of about 500 gallons’ ca- 
pacity for his electrolysers and his electrodes are of platinum con- 
taining about 5 to 10 per cent. of iridium. The current density 
used is about one ampere per square inch of anode surface. He 
says regarding the power used, that in a practical operation 
about 15 grains (.97 grams) of available chlorine are produced, 
per ampere hour, the applied E. M. F. being about 6 volts. 

It is customary to rate the bleaching power of a bleaching 
liquor by the number of grams of available chlorine it contains 
per litre, and the value of electrolytic bleach has usually been 
estimated in the same way. It is claimed, however, by many wt.o 

, have made comparisons experimentally, that in the case of electro- 
lytic bleach the arsenious acid test (which is the one generally 
used) shows nothing as to its real value as a bleach. Electrolytic 
bleach, they say, possesses greater power than ordinary bleaching 
powder of equal chlorometric strength, and this seems to be es- 
pecially so in the case of electrolysed magnesium chloride. This 
is generally accounted for by the presence of some additional 
bleaching agent in the solution which is not taken account of by 
the arsenious acid test.
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It has been observed that in the electrolyses of the alkaline 

, chlorides that the volume of oxygen liberated is less than half 

that of the hydrogen. Some unknown oxygen-chlorine com- 

pounds may be formed which have bleaching properties. Others 

credit the bleaching action to hypochlorous acid and not all agree 

as to whether the solution is acid, neutral or alkaline. — Dr. 

Schoop’s investigations recently made show that no free chlorine 

was ever formed during the electrolysis. 

Messrs. Cross & Bevan, who have had considerable to do with 

the Hermite solution, made some comparative tests and found 

that in bleaching powder, instead of being a simple oxidation 

: only, there was also a combination of chlorine with the fibre con- 

stituents. They carefully compared the hypochlorites of calcium, 

sodium and magnesium formed by chemical processes with those 

formed by electrolysis. They found that 26 per cent. of the cal- 

cium and sodium compounds was used up in the chlorination ef- 

fect, and with magnesium hypochlorite 14 per cent. of the total 

amount was lost. With the electrolysed solutions there was no 

chlorination at all. In bleaching with the electrolysed solution 

there is a complete reversion to the chloride and therefore its 

bleaching action is an oxidation pure and simple. 

Electric bleaching was well known in Russia in 1883. Ltdoff 

and Tikcomroff, seeking to find the liquid of maximum bleaching 

power, electrolysed various solutions of chlorides. They gave 

the preference to chloride of potassium. Representing the bleach- 

ing power of electrolysed potassium chloride by 1oo, they found 

that of sodium to be 73 and of calcium chloride 24. In the case 

of the electrolysed solution the chlorine is present in a weakly 

combined state whereas with bleaching powder no action takes 

place until the chlorine is liberated by the addition of acid. 

A series of comparative investigations by M. G. Saget into the 

action of Hermite’s solution, electrolysed sodium chloride (Ge- 

bauer & Knoeffler’s solution) and ordinary bleaching powder upon 

cellulose are very interesting. 

Two series of experiments were made. In the first series the 

tissue was completely immersed in the liquid and exposed to the 

sun; under these conditions oxycellulose was not found with Ge- 

bauer’s solution provided the available chlorine was less than .25
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gms. per litre, or with Hermite’s solution if the chlorine did not 
exceed .2 grams, but with ordinary bleaching powder as much 
as .54 grams available chlorine might be present before the oxycel- 
lulose was formed. In the second series of experiments the tis- 
sue was partly immersed and placed in the shade, the liquid being 
drawn up into the fabric by capillarity. In this case, chloride of 
lime was the most active, oxycellulose being distinctly formed 
even with less than .3 grams available chlorine per litre, while 
the Gebauer and Hermite solutions formed none. Asa bleaching 
agent he found Hermite'’s solution the most active, Gebauer’s 
next and chloride of lime least. 

Really very little has been done to determine the relative values 
of bleaching solutions formed in different ways. It is of prime 
importance because the cost of replacing the use of chloride of 
lime hinges directly upon this question. 

As to exactly what takes place when a solution of a chloride 
is decomposed by electrolysis, as in the Hermite system, there 
is some difference of opinion. The following reactions prob- 
ably take place simultaneously: 

First: The electrolysis of Na Cl with formation of Na O H, 
H, and Cl. 

Second: Electrelysis of Na O H with formation of H and O. 
Third: Fermatien of Na Cl O, by the action of Clon Na O H. 
Fourth: Formation of Na Cl O, by the oxidation of Na Cl O. 
Fifth: Electrolysis of Na Cl O, with the formation of Na O H, 

H, H ClO and ©. 

Sixth: Electrolysis of Na Cl O, with formation of Na O H, 

H, H ClO and O. 

Seventh: Reduction of the Na Cl O found at the cathede to 
Na Cl. 

Eighth: Reduction of the Na Cl O,, found at the cathode to 

Na Cl. 

‘That the temperature of the electrolyte is an important factor 

in the amount of available chlcrine produced there can be no 

doubt. At temperatures above about 20° C. the output of Cl 

per ampere is considerably smaller than at lower temperatures, 

other conditions being the same. It is generally believed that 

the decreased efficiency is due to the formation of chlorates in
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the bath instead of hypochlorites or that the hypochlorites are 
easily changed to chlorates at higher temperatures. It is im- 
portant then to keep the temperature of the electrolyte low, either 
by artificial cooling or better by circulating the liquid. 

Mr. Fitzgerald in a discussion of Mr. Swinburne’s paper entitled 
“Commercial Electrolysis,” stated that he had devoted much time 
to the electrolysis of magnesium chloride and had come to the 
conclusion that the selection of magnesium chloride by Hermite 
was an unfortunate one because of its strong tendency to form 

magnesium chlorate, even at ordinary temperatures. 

The difficulty of cbtaining a suitable anode for use in the elec- 
trolytic preduction of hypechlorite has been a serious one. A 

goed anode shculd be a good conductor, cheap and not attacked 

by the products of the electrolysis. Platinum was finally adopt- 

ed by Hermite after failing to find anything cheaper which would 

serve the purpose. It seems that it has served admirably, yet for 

the preduction of a cheap product some cheap anode is essential. 

Hermite at first used platinum foil but found it poor mechan- 

ically. By using it in the form of a gauze he reduces the cost and 

obtains results, with the same weight of platinum, as good as 

when used in the form of a sheet. 

Carbon has been tried in a variety of forms and the general ex- 

perience has been that all forms of moulded carbon disintegrate 

rapidly. From the researches of Bartoli and Papasogli it is 

known that carbon is attacked when, used as an anode in any 

scoluticn which evolves oxygen at the anode. Retort carbon has 

been most generally used. since it is cheap and quite durable, 

especially when prepared by soaking in paraffin or tar and heating 
very hot. The carbons are attacked and disintegrated much more 

rapidly in a dilute electrolyte than in a concentrated one. Her- 
mite tried carbon in his electrolyser but was forced to adopt plat- 
inum because it was the only substance he found which would 
not disintegrate in his weak electrolyte when used as an anode. 

Lithanode is a substance invented by Mr. Fitzgerald, and is 
made by mixing ammonium sulphate with litharge and com- 
pressing into the desired form by great pressure. It is then 
oxidized to lead peroxide by immersing in a bleaching solution. 
Since it is incapable of further oxidation, it is very durable.
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It is said that phosphide of chromium and also an alloy of iron 

and titanium are indestructible anodes. 

The cathode is not nearly so troublesome as the anode but for 

the sake of economy one should be used which does not give off 

hydrogen, not only because the hypochlorite would be reduced 

but also because a considerable amount. of power is wasted 

when hydrogen is given off. Mr. Fitzgerald gives the E. M. I’. 

of polarization as 2.3 volts when both hydrogen and chlorine are 

given off. When the hydrogen is absorbed it is 1.61 volts and when 

both hydrogen and chlorine are absorbed in the electrolytic tank, 

1.09 volts. 

Since the cost of the power required for the production of hy- 

pochlorites by electrolysis is almost entirely the determining fac- 

tor in the cost of the product, the writer performed some experi- 

mental work with the following objects in view: 

First: To find the power required to produce hypochlorites 

by the electrolytic decomposition of magnesium and sodium chlor- 

ides. 

Second: To find the effect of different current densities upon 

the amount produced and power required. 

Third: To find the effect of the density of the electrolyte upon 

the amount produced and the power required. 

Fourth: To find the effect of temperature upon the efficiency 

of the process. 

Fifth: To find how strong a solution could be obtained eco- 

nomically. 

The apparatus used for the purpose consisted of several glass 

tanks 6 in.xg in.x8 in. high. The electrodes were pressed carbon 

plates 6in.x10 in.x3-8 in. thick, made by the Solar Carbon Co. To 

ensure good electrical connection with the carbon electrodes two 

holes were drilled in the end of each plate. The end of the plate 

was then copper plated, and after being well tinned, a leaden 

lug was cast around the top of the plate. The distance of the 

electrodes from each other was one inch in every case. They were 

generally immersed in the electrolyte to a depth of six inches. 

The method of getting at the results was to connect six tanks 

in series, all having different demsities of solutions in them, The 

anode surface, being the same in all the tanks and the same cur-



Decomposition of Chlorides. 581 

rent traversing each, enabled observations to be made by which 
the effect of a certain current density upon the different densities 
and kinds of solutions could be determined. Several runs were 
made with the conditions similar, only using a different current 
value. From the data taken the effect of different current den- 
sities upon a certain strength of solution are easily compared. Dur- ing a run the following data were observed at regular intervals. Applied electro-motive force. 

Current. 

Temperature. 
Amount of available chlorine per litre. 
The test used to determine the amount of available chlorine contained per litre was the arsenious acid test generally employed for this purpose. This test takes account only of the chlorine existing in the solution in a free state or in a hypochlorite. 
In order to compare the results obtained, conveniently, curves were plotted from the data. These curves show the relation of the chlorine produced per ampere to the time the current was flowing, the chlorine per ampere being calculated from the chlorine per litre at any time by multiplying the amount of Cl per litre by the number cf litres electrolysed and dividing by the current flowing. Typical curves are shown in figures I, II, IIT, Ly, V, VI. Fig. I shows curves obtained by electrolysing a 13 per cent. solu- tion of sodium chloride. In this run no attempt was made to keep the electrolyte at a low or constant temperature. A current density of approximately 50 amperes per square foot (see curve ©) gives the best efficiency for over four hours, then on account of the rise in temperature of the electrolyte the curve slopes off rapidly. 

Curve (a) was obtained from a current density of 10 amperes per square foot. It is the lowest current used here, and undoubt- edly the Cl per ampere reaches a higher final value than any of the others in Fig I, because of the small C? R loss and consequent small rise in temperature of the electrolyte. Fig. II shows simi- lar curves obtained by electrolysing a mixture of sodium and mag- nesium chlorides. In this case the low current density is the most: efficient, even at the start. This is true not only of this one test 3—W1s, Ea.
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but of several others, using different proportions of magnesium 

and sodium chlorides. 

Curves (13) and (17), Fig. HIT, were obtained froma 25 per cent. 

sodium chloride solution which is nearly saturated. The cur- 

rent density for curve (13) was 24 amperes per square foot, and for 

curve (17) was about 90 amperes per square foot. The tempera- 
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ture for curve (13) was kept constant at I 1°C. Althougk(13) slopes 

off more rapidly than (17), yet to obtain a certain strength of solu- 

tion the high current density is fully as efficient as the low one. 

The curves, Fig. IV, were obtained by electrolysing 20 litres 

at a time instead of 4 litres as in the previous tests. 

To obtain curves (20) and (22) a 20 per cent. sodium chloride 
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solution was used. With (20) a current density of 60 amperes per 

square foot, and with (22) 30 amperes per square foot was em- 

ployed, while for curve (21) a 12 per cent. solution of sodium chlor- 

ide was used and a current density of 30 amperes. 

These curves slope very little, and at first thought it would 

seem that better results are obtained by electrolysing a large quan- 

tity at one time, however, to obtain a certain strength of solution 

it is no more economical to decompose a large quantity than a 

small one. Here, too, there is very little difference between the 

efficiency of high and low current densities. 

Curves, Fig. V, were obtained by electrolysing mixtures of 
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magnesium and sodium chlorides in approximately the propor- 

tions used by Hermite. | However, they were obtained in a 

slightly different manner than the preceding ones. Four tanks 

containing the same solution were connected in series, and a 

current of 9.9 amperes passed through them all. The current 

density was varied by varying the amount of anode surface ex- 

posed, and in (@) it was 40 amps per sq- ft., in(b) 60, in (¢) 95 and 

in (d) 135. These curves obtained in this way indicate that the 

highest current density is the most efficient, which disagrees with 

the results obtained by Dr. Schoop in some recent investigations. 

The power required for the electrolytic decomposition of the 

chlorides is made up of: 

1. C2 R loss in conductors and electrodes. 

2. C? R loss in the electrolyte. 

3. Energy necessary to decompose the electrolyte.
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The first of these is easily calculable and can be made of any 

value desired. 

The second may be easily calculated by knowing the specific 

conductivity of the electrolyte to be used. This loss may be 

made quite small by bringing the electrodes quite close together. 

The heating of the solution decreases the resistance and the 

consequent C? R loss in the electrolyte, but as explained before it 

is very essential to keep the temperature of the electrolyte quite 

low. The power required for the decomposition may be calcu- 

lated from thermo-chemical data. Oettel calculated it and found 

it to be 2.3 volts for all chlorides, and his results obtained ex- 

perimentally were very near this value. It may be obtained ex- 

perimentally by measuring the voltage of the cell immediately 

| after breaking the circuit, by means of a high resistance voltmeter, 
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or more accurately by charging a condenser at the instant of 

breaking the current and then discharging through a ballistic 
galvanometer. 

The curves, Fig. VI, were obtained by this condenser method, 

and it is there shown that the E. M. F. of polarization is entirely 

independent of the current density. The curve of applied E. M. 

FP’. is a straight line of constant slope, as we should expect, know-- 

ing the counter E. M. I’. of polarization to be constant. The cal- 

culated E. M. F. and that obtained experimentally vary by at 

least .5 volts, depending upon the solutions used. It was also 

found to vary at least .2 volts. depending upon the time the cur- 

rent had been flowing. 

Experiments in which zinc was used as a cathode showed that 

the polarization E. M. I’. was practically the same as when carbon 

was used. Dr. Schoop found in experimenting with a 3 per cent.
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Na Cl solution that the output of bleaching material decreased 

with increasing current density. My results on a similar solution 

certainly seem to indicate rather the opposite. 

My experimental work seems to justify the following conclu- 

sions: 

First. that the amount of available chlorine in the solution is 

not proportional to the power expended. Second, that the amount 

of available chlorine per ampere is largely dependent upon the 

temperature of the electrolyte. Third, that the amount produced 

is also dependent upon the amount of the products of decom- 

position already formed in the solution. Fourth, that at fairly 

high temperatures (50° C.) there may be an actual decrease in the 

amount of available chlorine per ampere hour expended. — I*ifth, 

that the amount of available chlorine per ampere hour is depen- 

dent largely upon the density of the electrolyte and that dense 

solutions produce more chlorine per ampere than dilute ones; 

also that it is possible to cbtain solutions having a higher value 

of available chlorine. Sixth, that the effect of the current density 

upon the efficiency of the operation can not be stated definitely 

since in some cases a high current density seemed to be more 

efficient than a low one, while in other cases the reverse held. 

Seventh, that if the temperature of the electrolyte be kept below 

15° C. it is possible to reach a concentration of 9.7 grams per 

litre at an efficiency of .9 grams per ampere hour, using Na Cl 

seluticn of a density 1.100. Using the Hermite solution or one 

which had approximately the same proportions, using carbon 

electrodes, and at a low temperature it is practicable to obtain a 

concentration of 8.8 grams of available chlorine per litre at an 

efaciency cf .58 grams per ampere hour. Further, it is practical 

urder the same conditions to obtain a concentration of 6.8 grams 

per litre at an efficiency of .7 grams per ampere hour. Andreoli 

claims that the highest strength obtainable is 3 grams per litre, 

using the Hermite solution. Eighth, that a dilute electrolyte dis- 

integrates carbon anodes much more rapidly than concentrated 

ones. Ninth, that reversing the current frequently, as has been 

proposed, to lessen pelarization and resistance due to deposit 

upon the cathode, greatly reduces the efficiency of the process 

and is therefore useless. Tenth, that the polarization for a given 

i
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density of electrolyte and a given temperature remains constant, 

regardless of the current density. 

Time did not permit of making any quantitative determination 

of the disintegration of the anodes, but contrary to Hermite’s 

statement, the anodes were eaten away most rapidly at the bottom 

and along the edges instead of at the water line. 

The conditions for producing the electrolytic hypochlorite and 

the power required are fairly well known but the cost of this 

bleaching agent cannot be fairly compared with others until re- 

liable data are obtained in regard to its relative value as a 

bleaching and disinfecting agent. 

The following is a list of some of the more important articles 

which have appeared on this subject recently: 

London Electrician—V ol. 26, pps. 16, 45,90. The Electrolytic 

Preparation of Bleaching Agents. A. Rigaut. Vol. 30, pp. 709, 
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Vel. 30, p. 151. The Cost of Electrolytic Alkali and Bleach. 

Vol. 32, pp. 381. 442. The Electrolysis of Salts of the Alkali Met- 

als. Blount. Vol. 35, p. 186. The Cost of Production of Elec- 

trolytic Alkali and Bleach. Vol. 32. p. 633. M. Hermite’s 

Electrolytic Sewage Process at Worthing. Vol. 35, p. 759. The 

Hermite Process of Deodorizing Sewage. J. Napier; abstract of 

paper read before the British Association at Ipswich. Vol. 37, 

p. 798. Applied Electro Chemistry. Swinburne. 

Journal of the Institute of Electrical Engineers—Vol. 24, p. 

375. Electric Disinfection by the Hermite System. Vol. 21. 

The Problems of Commercial Electrolysis. Swinburne. 

Journal of the Franklin Institute—V ol. 139. The Application of 

Electricity to the Bleaching cf Textile Fibres. Levis J. Matos. 

Vol. 139, p. 351. Recent Advances in Electro Chemistry. Rich- 

ards. 
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cal Bleaching. 
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THE COMPARATIVE EFFICIENCY OF THE STEAM 

ENGINE UNDER CONSTANT AND RAPIDLY 

VARYING LOADS.* 

By J. E. DUTCHER, B. $,’97; W. P. KIEHL, B. S., 97; AND 
F. J. SHORT, B. S., ’97. 

A great many tests have been made which show in a general 

way the performance of the steam engine over a wide range of 

conditions of operations; while but little has been done which 

shows directly the effect of variable loads upon their consump- 

tion of water. 

It is quite generally accepted that engines working under vari- 

able loads are less efficient than when working under constant 

loads. . 

_* Abstract of a thesis submitted for the degree in B. S. in Mechanical and Electrical 
Engineoring.
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This is borne out by numerous tests made on engines operating 

street railway generators. 

Mr. F. M. Rites, in speaking of the universal failure of electric 

light and railway stations to realize even a moderate degree of 

efficiency says, “There seems to be but one general explanation 

applicable to lighting and railway stations which can account 

with any degree of probability for such extravagant fuel con- , 

"sumption, and that is the excessive wastefulness of the steam 

engine under varying conditions of load.” 

Although many tests have been made of engines under vary- 

ing loads and at all percentages of their rated capacities, very 

few have been made which show the actual increase of water 

‘consumption when working under such loads, over that con- 

‘sumed when working under constant loads. 

Believing that some definite results on this particular point 

may be of value we made a series of tests on a compound er- 

gine. This series was divided into two parts, each consisting of 

a set of tests. One set was made under a constant load, and 

consisted of five tests, ranging from twenty per cent. of the rated 

capacity of the engine to full load. The second part consisted 

sof a similar set but was made under a varying load. 

It was thought that if a means of taking an indicator card for 

each stroke of the engine for a given length of time could be ob- 

tained, this would enable the operator to compute the actual 

work done within the cylinder during that time. This would be 

entirely impossible with the ordinary method of drum indicator. 

An investigation of previous tests showed that very little had 

been done along this line. In “Power,” October, ’96, was found 

a description of a test made on a passenger elevator engine by 

Messrs. McGregor & Kingsford, where they took continuous in- 

dicator cards. Their method was to draw paper strips past the 

indicator pencil point by running them through rollers belted 

from the engine. 

This moved the paper with a motion proportional to the speed 

of the engine and as the ordinary card from the indicator is pro- 

duced under practically harmonic motion it was necessary to make 

a correction for this which was done by ruling a piece of tracing 

-cloth into ordinates (they used 10 for each stroke) and spacing
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them so that they came where they would if the paper had been 

run with harmonic motion. This was done by projecting equi- 

distant points on the circumference of a circle upon its diameter. 

They took the average of these ten ordinates as the mean 

ordinate of the card. 

This is at best only an approximate method and would prove 

very tedious if many cards were to be measured, so it was 

thought best if possible to obtain a method for moving the paper 

harmonically, thus obviating the correction above mentioned. 
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Accordingly the mechanism shown by Fig. I was designed and 

built. Two of the machines were built, one for each cylinder of 

a cross compound engine. 

The device is similar to that used by Messrs. McGregor & 

Ningsford, except, where they used a belt and uniform motion, a 

double-acting rachet, connected directly to the reducing mechan- 

ism on the crosshead was used. 

This gives the rollers the same motion that the drum of the in- 

dicators would have under ordinary conditions except that it is 

always in the same direction. The racks working on the 

rachet were made with some end adjustment so they could be set 

to reduce the lost motion to a minimum.
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Both racks and rachet were made from mild steel and case 

hardened thus making a tooth which would wear well and not be 

liable to nick. 

These machines worked very satisfactorily on the engine test- 

ed as it ran less than 100 revolutions per minute. 

Fora much higher rate cf speed they might not work as sat- 

isfactorily. 

The cards taken with a continuous indicator have exactly the 

same form cf curve as the ordinary indicator card, except that 

where the exhaust line and compression curve return in the or- 

dinary card they are continued and are reversed in the contin- 

ucus card. 

A centinucus card will look the same as the full lines in Fig. 

HA. From A to B, represents one revolution of the engine. 

The area E F C represents the positive work, and it is desirable 

to determine this area without constructing the compression 

curve I? E, each time. This was accomplished by setting the or- 

dinary planimeter with the points a distance apart equal to AB, 

and by going around the part B HD, in the opposite direc- 

tion. This is equivalent to subtracting the area E A I’. 

Setting the points in this manner gives half the mean effective 

pressure when the ordinary planimeter is used, as the card is twice 

as long as an ordinary one, hence the result must be doubled. 

However, this is a convenient and quick method. 

In about 1889 Mr. I’. R. Low (Trans. A. S. M. E., Vol. 15) 

‘had an indicator manufactured by the Ashcroft Manufacturing 

Company in which the pencil was replaced by a planimeter wheel, 

the angular position of which with reference to the drum, was 

varied by the movement of the indicator piston. Instead of tak- 

ing a diagram the indicator drum revolved the wheel an amount 

proportional to the area of the diagram which would have been 

taken had a pencil been used. 

By a train of recording dials the revolutions of the wheel were 

counted and it could be run for a minute, or an hour if need be, 

and give at the end of that time the same result that would 

be obtained by taking a diagram for every stroke, and measuring 

and adding the areas. 

This worked very well at low speed, nut high-speed engines ran
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away with it. This gives the integration of the work done by 

the engine provided there is no slip, but furnishes no means of 

telling how the load varied, or to what extent. 

Prof. Thomas Gray of Rose Polytechnic Institute, has made 

quite a number of experiments on engines where he used devices 

for taking continuous cards. 

In The Rose Technic. for May, 1896, can be found an illustrated 

article giving a description of a continuous indicator device 

which was used under his direction in testing gas engines, loco- 

motives, etc. His means of moving the paper ribbon past the 

pencil point is simple and accurate; consisting of cords wrapped 

around each end of the feed-roller in the same direction and pass- 

ing around a wheel which was operated in one direction by a cord 

from the reducing mechanism and was pulled back by a spring. 
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These cords pass around small pulleys and are connected by a 

spring to keep a constant tension in them. 

On the forward stroke the top string pulls and the bottom one 

js released allowing the cord to slip on the drum. The opposite 

takes place on the return stroke. 

Prof. Gray also used a pawl inside a hollow drum to act as a 

rachet in place of the cord method just described. This is an 

improvement over the other in that the cord need not slip and 

hence will not wear out so scon. It would also probably be 

more accurate at high speeds. 

The engine tested was built for the University of Wisconsin by 

the Nordberg Mfg. Co. of Milwaukee, Wis. 

It is a 50 horse power. horizontal, cross compound, quarter 

crank, condensing engine.
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The cylinders are 8 and 13 inches in diameter with a stroke ¢. 
20 inches. 

Fach cylinder is provided with four poppet valves operated by 
a shaft running at right angles to the crank shaft and driven bya 
pair of level gears. 

The cut-off on the high pressure cylinder is automatically reg- 
ulated by a Proell governor. 

The number of revolutions of the engine may be varied at will 
from 50 to 125 by changing the weights on the governor. 

In the low pressure cylinder the cut-off is regulated by a hand 
regulator and when once set remains constant. 

The walls of the cylinders are steam jacketed, but these jackets 
were not used, as the object of the tests was only to obtain 
comparative results. 

There is, however, a lagging of mineral wool around each cyl- 
inder to prevent condensation. 

Steam was supplied directly from the mains leading from the 
boiler house. The pipes were conducted through a tunnel ar. 
were well protected from condensation by a mineral wool 
covering. 

The steam was of a very good quality as may be seen from the 
table. 

The ordinary method of loading this engine is by a Prony 
Drake, but as the brake is suitable only for constant loads, the 
varying loads were obtained by belting to a dynamo. 

The flywheel of the engine is 7 feet in diameter and the 
pully on the dynamo 3 feet. A to inch 5 ply rubber belt was used 
for transmitting the power. The dynamo was run at a constant 
pressure of 500 volts by separately exciting the fields from a 
small dynamo run by a small upright engine in the laboratory. 

This dynamo, a four pole machine, was designed and built for 
a direct connected, gearless street car motor, by the Short Electric 
Co. of Cleveland, Ohio. 

The efficiency of the machine had to be determined, as the 
brake was used for part of the load on the high loads. 

The efficiency of the dynamo was obtained as follows: After 
the armature had been run during a test and got well heated up. 
its resistance was found. From this the C2 R losses were com 

ee
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puted. The machine was run with the fields unexcited and cards 

‘taken on the engine. They were then excited and cards taken 

again. This operation was repeated several times and from the 

difference of I. H. P. on the engine the Foucault and Hysterisis 

losses were found. They amounted in this case to .88 H. P. 

The friction loss was not found as the machine ran during all 

the tests and, the results being comparative, this loss would be the 

same in both cases. 

An integrating wattmeter was placed in the external circuit of 

the dynamo so as to determine the out-put. By means of a water 

rheostat the load could be varied at will. The fields were sep- 

arately excited for the reason that in varying the load rapidly 

the excitation would also change rapidly and hence the pressure 

would vary ina complex ratio. Separately exciting the fields en- 

ables the voltage to be kept comparatively constant. The dyna- 

mo used for exciting the fields was a 3 1--2 XK. W. Prael machine 

and was run by a 10 horse power upright New York Safety en- 

gine, which is used for general purposes in the laboratory. 

The current from this machine was regulated by a small water 

rheostat. It was found that 50 volts and 5 amperes would excite 

the fields so that 500 volts were obtained at the armature ter- 

minals when the engine was run at its normal speed. 

All instruments used during the test were calibrated and due 

allowance for errors made in computing the results. 

A 75 horse power integrating watt meter was put into the ex- 

ternal circuit but it was found unreliable so a 600 volt Weston 

Voltmeter and a 150 Ampere Weston Ammeter were substituted 

and a man stationed to take these readings every minute during 

the variable load tests and every two minutes during the con- 

.stant load tests. 

We believe the results from the readings to be very near the 

true resuits. : 

The tests were made as nearly as possible according to the 

methods heretofore described. In the constant load tests with 

the exception of No. 1 (see summary table), the brake alone was 

used for the load, the dynamo being allowed to run idle. 

Indicator cards and gauge readings were taken every 10 

minutes.
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Calorimeter tests were taken every half hour. The exhaust 
steam was condensed in a surface condenser, and was weighed. 

The indicator cards were taken simultaneously by — electo- 
magnets which pressed the pencil points against the paper on clos- 
ing an electric circuit. This current was obtained by shunting 
off the exciting machine previously described and putting an in- 
candescent lamp or two in the circuit to control the current. 
This makes a very convenient and sure means when available. 
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In the variable load tests the rheostat used for load consisted 
. merely of a barrel partly filled with water and two pieces of 

boiler plate 8 inches wide and 3 feet long, separated by blocks of ° 
wood two inches thick, to which the plates were screwed. The 
terminals of the machines were soldered to these plates and the 
whole plunged up and down in the barrel by means of a rope 
over a pulley. 

One man stood by this plunger and varied the load from max- 
imum to minimum every 30 seconds. Volts and ammeter read- 
ings were taken every minute and indicator cards every 10 
minutes.
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When the cards were taken the paper was allowed to rux .or 

15 or 20 revolutions. 

At the end of 3 hours we then had 18 or 19 sets of cards of 15 

or 20 each, and taken every 10 minutes. The first ten consecu- 

tive cards of each were figured up and recorded so that what we 

really have is a set of 10 tests similar to what we would have 

if the ordinary method were resorted to. 

The curves in Fig. III. show the water consumption per indi- 

cated horse power hour both for constant and varying loads. In 

the constant load, Curve IT, it will be seen that the water con- 

sumption became practically constant after the load had reached 
60 per cent. of the rated capacity of the engine, while for the vary- 

ing loads (curve I) it did not approach the low values till nearly 

full load had been reached. At the low loads the difference in 

water consumption is greatest and becomes less toward the 

higher loads and at full load it is practically the same. We think 

_that the conditions under which the engine was run do not justify 

its being rated at 50 horse power as the available steam pressure 

was seldom above 85 pounds and it was necessary to fire above 

that pressure when the 50 horse power test was made in order 

to keep the speed up to normal. We think that the pressure 

should be at least 110 pounds to make economical water con- 

sumption for 50 horse power. 

The results just mentioned correspond favorably with those 

found by R. C. Carpenter, and a curve has been plotted showing 

this relation (Fig. IV). Owing to the difference in horse power 

of the two engines it was necessary to plot per cent. of rated 

capacity as abcissae and per cent. that actual water consumed 

bears to that consumed at rated capacity, as ordinates in order 

that they might be compared. 

It will be neticed that the curves are similar in all respects, but 

the curve obtained in our test is higher than that of Carpenter’s. 

This is due for the most part to the difference in size of the en- 

gines and to some extent to the lack of boiler pressure  pre- 

viously menticned and to a low vacuum which could not be 

remedied. 

4—Wrs, Exe.
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Fig. I] shows two sample series of cards as taken by the con- 

tinuous indicator attachment. 

The two upper cards were taken simultaneously on the high 

and low pressure cylinders when running on the full load variable 

test, i. e., from 30 to 50 horse power. . 

The lower cards were taken simultaneously on the variable 

test between ten and thirty horse power. 
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From these cards a very marked difference in the I. H. P. 

developed may be noted (between successive cards) and in the 

upper or full load test the M. E. P. of the high pressure cylinder 

fell from sixty-five to fifteen pounds in seven revolutions; while 

in the lower test the M. E. P. fell to zero (in the high pressure 
cylinder) in some cases as is shown by the cards although there 

was in both cases a load on the brake. 

This is due to the fact that when running at full load both 

brake and dynamo, the dynamo load woud be all thrown off, this 

would cause the engine to speed up quickly to considerably be- 

youd its normal speed, causing the governor to act and cut off the 

entire steam supply in the high pressure cylinder in some cases, 

as shown, and leaving the engine to work on the receiver, pressure 

and vacuum of the low pressure cylinder until the load had again 

reduced the speed to the normal. 

A series of these cards also shows quite plainly the sensibility 

of the governor on the engine tested. 

In the tabulated results as found on the average sheet, tests 

Nos. 1, 2, 3, 4 and § were made under constant loads, while 6, 

7. 8 and g, were made under varying loads.
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In the first five tests, the cards were taken in the ordinary man- 

ner so that the I. H. P. is the average of single cards taken every 

IO minutes for three hours. 

In the remaining tests the cards were taken with the continu- 

ous mechanism so that the I. H. P. is the average of ten cards 

taken every ten minutes for three hours. 
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INTERNAL COMBUSTION ENGINES. 

By C. W. HART, B. S., 96, AND C. H. PARR, B. S., ’96. 

Iv. 

Regulation. 

Regulation of speed in the internal combustion engine is effected 

in a great variety of ways. The methods of governing in most 

common use are the following: Cutting out entirely charges of 

‘ oil, vapor or gag; varying the quantity of oil, vapor or gas; and 

varying the quantity of the explosive mixture. \ 

The first method is usually carried out by some hit and miss 

device which, when the speed is above normal, fails to open the 

gas valve, the oil injector, the pump, or whatever means is em- 

ployed to get the gas, oil or vapor into the cylinder, or the ex- 

haust valve is held open or shut. We find the great majority of
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American engines using a centrifugal shaft governor with the 

weights moving in a plane with the shaft and thus moving a sleeve 

on the shaft. To this sleeve is attached the hit and miss device. 

In those engines using an oil injector, the injector is operated 

by a knife edge, and when the speed is unduly increased, the 

governor weights fly out and the knife edge is drawn to one side 

so that it misses the rod of the injector. No oil enters, and 

only pure air is drawn into the cylinder. With this method the 

work imposed upon the knife edge is small, which is a very de- 

sirable feature. It is open to the objection that with almost any 

mixing device a slight quantity of the oil or vapor remains in the 

pipes leading to the cylinder. In case the oil is cut off and air 

allowed to enter through the same channel, this is of course 

wasted when an explosion is missed. This waste can be lessened 

by having the oil injector work during the early part of the suc- 

tion stroke only, so that considerable air is drawn through the 

pipes after the oil or vapor is cut off. Since, while the engine is 

governing cool air is pumped through the cylinder, its walls be- 

come cooled, and when the next explosion is required a greater 

3 radiation of heat through the walls takes place. This loss, how- 

ever, is about made up by the air acting’ as a scavenger charge 

to cleanse the cylinder of burned products so that the next ex- , 

plosion gives out more work. 

When the exhaust valve is operated on to remain closed, the 

knife edge is used to move the valve, and, being deflected to one 

side by the governor, misses the valve stem. In this case the 

work of the knife edge is severe and it does not act with the 

certainty of the above method. The pressure remaining in the 

cylinder prevents the admission valve from opening and no charge 

is taken into the cylinder. The burned charge is compressed and 

expanded till the speed falls and the exhaust valve again opens. 

This method is open to the objection that a continued radiation 

of heat takes place through the walls and the work of expansion 

of the residue is thus not equal to the work necessary to compress 

it, and a loss of economy results. 

The method which has found most favor is to have the exhaust 

valve pushed open positively, and when the speed increases have 

the lsnife edge interposed behind the exhaust valve stem so as to 

nn
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hold the valve open. The exhaust is then sucked into and ex- 

pelled from the cylinder until the speed again falls blow normal. 

There being no great suction, the admission valve does not open. . 

We have found, however, that unless the opening of the exhaust 

valve is large that the spring on the admission valve necessary 

to keep it closed must be rather strong, and we believe that for 

the best results in governing in this way the valve mechanism 

should be such that the admission valve be held shut while the 

exhaust valve is held open. 

, For ordinary work where slight fluctuations of speed do no 

harm the method of governing by cutting out the entire explo- 

sion, either by cutting off the gasoline, vapor or gas, or cutting 

off the mixture by holding the exhaust valve open so that none 

enters, is good and economical and can be used easily in engines 

of moderate speeds. Of these two methods of governing, we pre- 

fer that of holding the exhaust valve open, as when worked out 

in design it is found as easy of accomplishment as any method. 

It keeps the cylinder at normal constant heat and has proven to 

be as economical in the cycle of four strokes as any method. 

Governing by varying the quantity of oil, vapor or gas has been 

used to a limited extent. Otto, in his engines for electric light- 

ing, used a sliding step cam in connection with a centrifugal gov- 

ernor. A higher or lower step was brought to act on the gas 

admission valve,’and in case the load was very light the cam : 

missed entirely the admigsion valve movement and no gas en- 

tered. 

Early in our experiments we decided that changing the mixture 

could not be utilized for governing with any degree of economy 

as slight changes in the proportions would cause missing en- 

tirely of the explosions with consequent loss of the charge. An- 

other feature developed especially in the Sintz type of engine. 

If the proportion of air is large, slow burning takes place as is 

shown by card (a) taken from one of our engines with a cycle of 

two strokes. This is also shown by card (i) taken from one of 

our engines with a cycle of four strokes when running with an 

insufficient supply of gasoline. The flame will often hang so 

long in the cylinder that it will ignite the next incoming charge. 

The third method of governing, that of varying the quantity
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of the mixture without materially changing its proportions, has 

in it the possibilities of close regulation for such work as requires 

it and a fair degree of economy. 

In an experiment with one of our engines with a cycle of two 

strokes and a mixing valve such as is described cn page 340, we 

accomplished the governing by means of a fly wheel governor, 
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acting by swinging an eccentric across the shaft. The eccentric 

rod was attached to a walking beam which held down the trans- 

fer valve between the cylinder and base. When the engine was 

below speed, the beam just touched the valve at the time when 

the suction of air would open it and a full charge would be taken 

into the cylinder and exploded. As speed increased, the eccen- 

tric throw was made longer and, while the valve was touched 

by the beam at its natural time of opening, the beam pressed
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down and kept it open for a longer or shorter time as required. 

Thus a full cylinder of mixture would enter and part would be 

returned into the pipe leading to the base. This method gave 

excellent results as far as keeping a steady speed was con- 

cerned. When the spring on the governor ball was properly de- 

signed and adjusted a load could be thrown on or off the engine 

with little variation in speed. When the engine ran with no load 

an occasional miss of explosion would occur, but very slight load, 

about 15 per cent., would keep the engine exploding regularly but 

lightly. Cards (b), (c), (d) and (e) show well the governing in 

this way. 

Theoretically, this method is good for it is known that in the 

average engine expansion is incomplete. The mechanism can 

also be made very simple and compact, but it will work better 

the higher the compression used in the engine. With the com- 

mon run of engines having a clearance of 40 to 50 per cent. of 

the stroke it would not work satisfactorily. 

Another method, which we have tried and which with proper 

adjustment works well, is to place in the pipe leading to the inlet 

valve and between the inlet and mixing valves, a wing valve 

operated by a shaft governor whose balls move in a plane with 

the shaft. If too high speed exists the wing valve is closed more 

or less and not so much mixture enters. With the mixing 

valve such as we have used a head for the gasoline was found such ' 

that the regulating valve remained at one point for all loads and 

no explosions were missed even when the engine ran without load. = 

Cards (f), (g) and (bh) are taken from an engine with a cycle of four 
strokes governed in this way and show the variation of load from 

one-third to full load. On this engine when a lcad cf 8.46 B. H. P. 

was applied the consumption of gasoline per B. H. P. hour was 

.116 gallon, and with a load of 5.13 B. H. P. the consumption was 

113 gallon. With smaller loads than this the consumption of 

gasoline increased considerably as the load decreased. 

In order to obtain close regulation with the internal combus- 

: tion engine, a high rotary speed is desirable so that the time be- 

tween explosions is short. And, as the effectiveness of a bal- 

ance wheel varies as the square of the velocity, it is seen that a
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high rotary speed will obtain a more uniform motion without ex- 

cessive weight of balance wheel. 

For all ordinary work not requiring close regulation we con- , 

clude that the best and most economical governing is obtained by 

holding the exhaust valve open and the inlet valve shut. Where 
very uniform motion is desirable even at the expense of economy, 

we believe it can be obtained by using a small clearance space 
or explosion chamber and varying the quantity of mixture. 

: (To be continued.) 

EDITORIAL NOTES. 

Graduate Work. , 

It is appropriate at this time of the year to consider the ad- 
vantages of graduate work. To some of the present seniors the 
idea of doing more work in college seems to have so little chance 
of ever being carried out that they have given it little considera- 
tion, while others would like very much to take at least a year 
of graduate work. 

The question at once arises as to whether it is better to take 
work in one’s previous course or to study in some other de- 
partment. A decision here depends so much on circumstances 
that no definite answer can be given. There is no doubt that, 
other things being equal, a much higher grade of work can be 
done by continuing in one’s specialty, the necessary ground work 
having been laid. In engineering, like in other sciences, gradu- 
ate work is likely to be of the nature of an investigation of quite 
an original nature. You will be alone; in a few months you 
ought to know more about this one subject than any of your pro- 
fessors, and you must have confidence in your own resourceful- 
ness to go ahead. If you lack this confidence, unless you have 
perfect faith in your own conclusions, in your ability to discover 
your own mistakes, you had better not work for a higher degree. 

Work in another department has many advantages though the 
study must necessarily be of a lower order. You will be confined 
here to the routine of class work intended rather to develop the 
mind than to broaden an already mature intellect and will be
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ground dewn to details the same as are the undergraduates with 

whom you work. While this attitude may seem and is unbe- 

coming to a student of advanced age, his mature judgment will 

give him an insight into his subject that the others do not get, 

and he will come out a broader, better man for the pains. In 

engineering quite a number of men take up as graduate work the 

study of another branch of the same science and finish in a year’s 

time with the seniors in the new subject. A mechanical this year 

may graduate as an electrical or a civil the next, providing he has 

elected enough work in one or the other of these courses during 

his undergraduate years. To do graduate work of a literary na- 

ture or in fact in any of the other courses “on the hill” is quite 

uncommon for the reason that most engineering students are too 

enthusiastic to desert engineering; but it would certainly be bene- 

ficial to an engineer could he find time to do work of this kind. 

Another question that often arises is whether to study as a 

graduate the year after one gets his diploma, or to first go into 

active practice and, after a year or two, return to the university. 

The latter is undoubtedly the better procedure, for after a year or 

more of practical work, a person is sure to have a more definite 

idea of the nature of the study he desires to pursue, and being 

older is likely to do better work. The great drawback to this in 

engineering is, that after about a year of hard, often unpleasant, 

work, at a microscopic compensation, one just begins to see a ray 

of hope. Perhaps your employer has given you to understand 

that with a continuation of good services a promotion is near at 

: hand. Already visions of the office begin to float through your 

mind. At one moment you are sitting before your roll top desk, 

dictating an important letter, and the nimble fingers of the pretty 

typewriter fall in a perfect hail storm upon the keys; at another 

you are giving a few hasty orders to your assistants preparatory 

to an extended business trip into a new country, and then an old 

class mate rolls in to ask when you intend going back to the Uni- 

versity. Not very much of a place after all, is it? If one is sure 

he can withstand these temptations to remain at work it is better 

to go into practical service immediately upon graduation, with 

a view of returning at a later date for postgraduate study. 

Another phase of the question is the advisability of remaining
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at the same university or of going to another for advanced study. 
In America university migration is practiced less than in Europe, 

where it is not uncommon for a man to change universities 

several times during his undergraduate years. In this country 

the question of sentiment plays a great part in forming a decision 

to leave. The ties of fellowship, the class contests, and numerous 

other things all contribute to make the university so dear to the 

senior that he is reluctant to leave it. He has yelled the old yell 

for four years and the thought of going to a strange place, per- 

haps a rival institution, seems just a little bit degrading. How- 

ever, there are greater considerations than this. Four years un- 

der the directorship of one man moulds you into his line of think- 

ing and it is well to change professors that you may be broadened 

by other methods of instruction. Again, you may want to spe- 

cialize ina branch in which Professor B. is better than Professor 

A. In fact the ideal method of study is to pursue each course 

under a master. We would say that arguments for postgraduate 

work at another institution than alma mater seem to have the 

greater weight. 

Should the senior decide that he is unable to pursue a post- 

graduate course at college let him then decide to take his mas- 

ter’s degree as a graduate studying in abscentia. This can be 

obtained by three years of professional service, one year of which 

is in a responsible position, and the submitting of a satisfactory 

thesis. 

A Course in Architecture. 

Should the university have a course in architecture? After ‘ 

talking with several architects and with some of the university 

professors, we have decided that the university should have a 

school of architecture but not until several years to come. There 

are good schools in architecture at Cornell, Columbia, Boston 

Tech., and Ilinois, also at several other institutions of learning. 

The large number of poor, unschooled architects practicing the 

profession is a good indication that there is room for a still larger 

number of educated men. The College of Engineering offers a 

splendid opportunity for the architectural student to study en- 

gineering principles. The architect of today is becoming more 

+
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and more an engineer, as is shown by the work on modern busi- 

ness blocks and other large buildings, where it is often the case 

that nearly the entire structure is planned by the engineer who 

turns his work over to the artist to make it pleasing to the eye. 

In residence work, however, it is more a question of art than 

of engineering, and the student of architecture should be educated 

in an atmosphere of art to be successful from a decorative stand- 

point. Madison is lacking here and this is a great drawback to 

the student of architecture. While it is possible to make inspec- 

tion trips to art centers as do the engineers to engineering cen- 

ters, still the inspection trip is of more importance to the archi- 

tect and should be almost continuous if he intends to specialize 

in the more artistic line of work. 

Considering the question from the financial standpoint we are 

not yet ready to establish such a course. We must first have an 

engineering building and let it be made large enough to accom- 

modate a school of architecture when the time for its establish- 

ment arrives. 

Engineering Lectures. 

The course of lectures delivered before the engineering stu- 

dents during the past year has been very successful throughout, 

and that the object of the same has been attained is certain. The 

students have had the privilege of hearing from men, eminent 

in the engineering profession, their experiences in the engineer- 

ing world, and the benefit derived must necessarily be of great 

value. The attendance at the lectures has in most cases been 

very good and the audience in each case has been very appre- 

ciative. In a previous issue mention has already been made of 

several of the lectures and these that follow have been delivered 

since that time. 

H. M. SPERRY. 

On March 5th Mr. H. M. Sperry, signal engineer of the National 

Switch and Signal Company, lectured on the subject, Railway 

Signaling. The lecturer has spent most of his years of practice 

in this particular branch of engineering and was very conversant 

with the subject. He illustrated the important points with nu- 

merous diagrams and lantern slides, and showed in a clear man- 

ner some of the latest improvements in this line. He showed the
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advantages of the improved signal system and described care- 

fully the mode of operation of the same. The subject was of 

especial interest to those who are following the course in rail- 

way engineering and was greatly appreciated by them. : 

J. N. BARR. 

Mr. J. N. Barr, superintendent of motive power of the Chicago, 

Milwaukee & St. Paul Railroad Company, lectured on Friday, 

March 26, on the subject, “A Screw Loose.” This lecture has 

since been published in the Railway and Engineering Review, 

May 15, 1897, but several of the important features will here be 

inserted. It was full of valuable information and suggestion to 

young engineers and was sufficiently illustrated by blue prints and 

drawings. He said in part: 

“It afforded me great pleasure on receiving a request to address 

the engineering classes of Wisconsin University to reply in the 

affirmative. In considering the selection of a subject which ought 

to be of value to a company of young men spending a few years 

in special mechanical preparation for the more serious pursuits 3 

which they will shortly take up, the difficulty of presenting any- 

thing of especial value seems to be almost insuperable. To enter 

upon a technical discussion of the ordinary problems of mechan- 

ical engineering would be too much like carrying ‘coals to New 

Castle.’ To consider any of the theories relating to mechanics 

or physics would probably do more to reveal the speaker's ig- 

norance than any thing else. I have therefore determined to take 

up a subject which is undoubtedly of vast practical importance 

to all of you. It is the question of success or failure as influ- 

enced by little things.” 

The lecturer then entered upon this by taking “an object les- 
son frem a journal, bex, and bearing of an ordinary car and to 
follow out in detail its construction and operation, showing the 

considerations which make and keep it what it is and the reasons 

for its simplicity and apparent crudeness. A full consideration 

in this apparently unimportant detail will throw a strong light on 

the principles and business considerations underlying all suc- 

. cessful mechanical designs.” 

A complete description of the manner of construction of axles, 

bearings, etc., and the effects of lubrication was then gone into. 

In conclusion Mr. Barr said: “I have endeavored to present 

ee
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to you briefly the complicated considerations involved in such a 

simple piece of mechanism as an oil box for freight cars, with 

some of the various attempts at improvement which actual ex- 

perience has demonstrated to be of no value. The subject has 

necessarily been treated in a light and sketchy manner as under 

the circumstances a complete discussion could not be attempted. 

It is to be hoped, however, that the picture is complete enough 

to illustrate the fact that the underlying principles involved in 

even the most simple piece of mechanism are sometimes ex- 

tremely abstruse and complicated; that many of them are still 

undefined: that in general, successful mechanism has beneath it 

a broad bases of experience made up of various degrees of suc- 

cess and failure, wherein failure greatly predominates and is fre- 

quently a source of disaster to its author. 

If this discourse shall assist in impressing on your minds the 

importance of avoiding failure, the necessity of keepng in general 

in the beaten path and of doing a great deal of what is express- . 

ively termed ‘dish washing, the object of the speaker will have 

been fully accomplished.” 

M. SWENSON, 

Mangus Swenson gave a talk, May 8th, on cotton. He described 

his cylindrical bale and also his cylindrical press. This was 

given in such a masterly manner in the previous number of the 

Wisconsin Engineer, over Mr. Swenson’s own signature, that we 

will not dwell on this portion of the lecture. Mr. Swenson 

further described his new cotton gin which has a much larger 

capacity than the present form of gin, and is not so damaging to 

the cotton fibre in its operation. He gave the results obtained 

with an experimental machine and also showed drawings illus- 

trating its operation. It is expected that this gin will work 

greater wonders in the cotton industry than his present cylin- 

drical press. 

Mr. Swenson further pointed out the need of a machine for 

“delinting” cctton seed, an operation necessary, not only for the 

production of cil, but also for the successful storing of the seed. 

He said, “If any of you bright young men want to work on this 

problem, I'll provide you with a ton of seed and when you have
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decided that your experiments are a success, call on me and Pll 

do the right thig by you.” Mr. Swenson is one of our most 

enthusiastic alumni. He is a U. W. man from the ground up. 

DR. R. H. THURSTON. 

A large audience was present on Friday, May 14, when Pres- 

ident Adams in introducing the speaker stated that Prof. Thurston 

was appointed director of the Sibley College the same year that 

he was called to the president’s chair of that university. In the 

following seven years Sibley College grew from a small depart- 

ment of 20. students until, when President Adams was called 

from Cornell to fill the president's chair at Wisconsin, there were 

over 600 names enrolled in the engineering courses. 

Prof, Phurston announced as his subject “The Modern Levi- 

athan.” He traced the growth of the steamboat from the early 

forms of Fitch and Fulton to the great ocean steamers of today. 

He told how naval architeets, blindly experimenting with dif- 

ferent shapes of hulls, had finally settled on a shape which they 

could not improve. This was shown to be of the same general 

form as that of the fishes. The “mid ship” section in both are 

at a distance from the front equal to one-third the entire length. 

In the case of yachts this section is at a corresponding distance 

from the stern, that is the yacht sails backwards. But the yacht 

is propelled from an outside force while the steamers and fishes 

are propelled from within. An interesting example was given of 

the enormous power of the engines in modern steamships in which 

the power developed by them was compared to that of a number 

of good draft horses. If the horses were hitched to a beam, side 

by side, it would require a beam 80 miles long to allow room for 

the horses. 

The lecture was illustrated by a large number of lantern slides 

and was very entertaining. Prof. Thurston is a leading author- 

ity on thermodynamics, but has found sufficient time to make 

a special study of many of the problems pertaining to the de- 

sign of ships. He made an exhaustive series of measurements 

and comparisons of all of the common fishes and of modern ships 

with the result above noted.
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Thesis Subjects. 

Now that the members of the present junior class are begin 

ning to think about thesis subjects for next year, a few words 

about the choice of a subject may not be amiss. 

In the first place keep in mind the object of a senior thesis. 

It is to bring out a man’s power of independent thought. The 

senior thesis is the first and only piece of work which the student 

carries out by relying entirely upon his own intellectual re- 

sources. It is in a degree a test of his power of investigation and 

in a number of cases the work achieved may be regarded as a 

forerunner of his success or failure in practical life. 

In selecting a subject then, the student should keep in mind 

the object of the work and should choose something in which he 

is interested in more than a passing way. There are really three 

kinds of theses in the engineering departments: The experi- 

mental thesis, the thesis of design and the thesis of compilation. 

Of course a thesis may be, and often is, a combination of any 

two or even all three of these varieties, but the prevailing sub- 

ject matter is quite likely to come under one of the above head- 

ings. 

The expermental thesis is usually of the nature of a test on 

some piece of apparatus in the laboratory or on some plant or 

other machinery in actual practical service. The comparative test 

of commercial apparatus is quite popular because of its practical 

bearing. The experimental thesis occasions more anxiety on the 

part of the author than any other, but if the results are good 

it will help more to make him known to his profession. 

The thesis of design generally involves the design and estimate 

of cost of some practical engineering structure. It is quite sure 

of a successful termination as a thesis and in rare cases the de- 

sign may be constructed to the pecuniary aid of its author. On 

the other hand there is generally the dissatisfaction of seeing no 

practical test vindicating the results of theory. 

The thesis of compilation should involve an enormous amount 

of library work and the author should have good taste in abstract- 

ing the work of others. It requires good judgment but no in-
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genuity. As a thesis it is sure of success if the author works 

hard enough. ‘ 

After selecting a subject the next question to be decided is, 

whether to work alone, or with one or more fellow students. 

The nature of the subject alone will determine this. It might be 

added that too much care cannot be taken in the selection of a 

good thesis partner. He should be a man of energy and enthu- 

siasm, of unlimited resourcefulness and indefatigability. 

All these things being settled the thesis should have an early 

start. Work during vacation if possible; by all means have the 

work under way the first month of the senior year and in calculat- ' 

ing the time necessary for its completion use a large factor of 

safety against delays. 

Appreciation of UL. W. Graduates. 

A glance at our alumni notes will show that, from the respon- 

’ sible positions held by our older graduates and the promotions 

which the younger ones are receiving, our engineering graduates. 

are thoroughly appreciated by the outside world. 

The university is constantly receiving letters of praise for its 

engineering alumni. Such things are easy to get for the asking 

but spontaneous plaudits are procured only through excellence of 

work. 

The following may be taken as sample expressions from 
letters of this kind, hundreds of which have been received: 

“Ll want to say that we expect great things from men out of 

your class, as all men from the University of Wisconsin seem 

to be a good deal better than good.” 

“Iam pleased to say I am very much pleased with——. * * 

If he keeps up as he has started out, and I know of no reason 

why he will not, he will make me a valuable man, and it speaks 

much credit for you in turning out such articles.” 

“When we want good men in our line I'll let you know.” 

‘The fact that we are able to maintain the policy of having the 

majority of our contributions come from the alumni is another 

evidence. Some coilege engineering journals have at least one- 

half of their reading matter devoted to the faculty. When their 

professors become written out, they resort to biographical sketches: 

of them until they recover. when another series of faculty articles 

is commenced. We believe in faculty articles to a limited extent ;
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and would feel that our alma mater was incapable of making a 
good showing before the engineering world if the faculty did 
not contribute to our columns; but it certainly speaks better for 
the university and its faculty, better for the alumni and for the 
students, when we are able to publish so many practical articles 
by practicing alumni. The criterion of judgment of a university 
is the success of its graduates, and their success must be deter- 
mined from the standpoint of their appreciation by the outer 
world. 

Recognized Abroad. 

We are glad to record that some of the Wisconsin Engineer's 
articles are being copied in English periodicals, due acknowledg- 
ment being given. 

ALUMNI NOTES. 

(We will be thankful to any of our graduates for material 
under this heading.) 

96. 

J. H. Perkins is with the Youngstown Electric Light Co. of 

Youngstown, Ohio. He reports that his company is a progres- 

sive one, and likes his position. 

L. G. Van Ness visited the university recently. 

W. M. Camp is one of the editors of the Railway and Engineer- 
. ing Review. He is at present publishing a continued article on 

“Track.” This article is of an exhaustive nature. It will be re- 
membered that Mr. Camp wrote on this same subject in the Wis- 

cconsin Engineer. 

95. 
W. J. Bohan is with the C., M. & St. P. R. R., with head- 

quarters at Milwaukee. Electric signaling is his specialty 

Wm. H. Schuchardt, ex-’95, recently visited the University. 

He is with Alexander Eschweilder, a prominent architect of Mil- 

waukee. { 

W. S. Hanson has secured a position with the Walburn-Swen- 

son Co. in their shops at Chicago Heights, Chicago.
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DISCIPLINE, One Year’s Experience with the Weight and_ Price of—Ernest Wilson. Elec 
Browns’ System of—H. 8. Riorden. Ry Mag, Eng, Lond, Mar 5—97. 3000 w. Jour Inst Elee 
Feb—97. 4800 w. Eng, Apr—97. 

DISINFECTING Over of Vaillard_and Besson— Dynamos in Parallel, Alternating Current—J. 
Gesundheits Ingenieur, Feb 15—97. 1500 w. FE. Woodbridge. Elec Eng, Apr 28—97. Serial 

DISSOCIATION Coefficient with Temperature, Part 1, 2800 w. 
Variation of the—Milner. Phil Mag. Apr—97. Dynamos, Westinghouse—La Revue Technique, ' 

DISTRIBUTION, Four Wire, Three-Phase_Sec- Feb 10—97. 12000 w. M Apr. 
ondary—Amer Electn, Apr—97. W May 8. 

Distribution Wires for, Railways, Calculation of 
the—Pellissier. LL Eclair Elec, Apr 3—97. Bae as a Conductor—Smith. Amer 

DITCH Construction in Idaho—A. J. Bowie. “4 Electn, May—97. W_> May _ 22. 
Min & Sci Pr, Feb 27—97. 2.00 w. Earth as a Conductor, The—Dr. Louis Bell. 

DIVING Apparatus, Some Facts About—Trans, Am Electn., Feb—97, 2400 w. M_ Apr. 
Feb 12—97. 2300 w. Earth —Currents—Bachmetieff.  Electn, Lond, 

DOCKS and New Jersey Junction Connecting Mar_19—97. 
Railway, The National—R R Gaz, Apr 9-97. EARNINGS in_ 1896, Net Railway—Bradstreet’s, 
900 w. Feb 20—97. 1500 w. , 

Docks at the Brooklyn Navy Yards, The Tim- Earnings, January’s — Poor  Railroad—Brad- 
ber Dry (Il)—Sci Am, Feb 20—97. 1800 w. street's Feb 18—97. 1500 w. 

DOME, The Modern—A. 1. F. Hamlin. Sch of EDISON Station in New York—Power. May—97. 
Mines Quar, Jan—97 4000 w. EMUCATION,  Industrial—Geo. W. Dickie. 

DOORS for Ships, O’Brien’s Watertight— Jour Assn Engng Soc, Mar—97. 9000 w. 
Steamship, Mar—97. 800 w. Edueation of German_ Mechanics, The—Engng, 

DORCHESTER Power Station (Ill)—Elee Eng, Feb 12—97 2500 w. M Apr. 
Mar 24—97. EFFICIENCY of Direct Current Dynamos and 

DOVER Electric Railway (Il)—Stilgoe. Elec Motors, The—Elec, Lond, Jan_29—97. 1600 w. 
Eng. Lond, May 7—97. ELASTIC1 iY and Fatigue—H. K, Landis. Am 

DRAINAGE and Sanitation, Notes on (11])—Dom Eng & RR Jour, May—97. Serial Part 1. 
Engng, “Tar—97. 1400 w. M May. 4200 w. M June. 

Drainage in Steam Pipes and its Results, De- ELDORADO Gold Belt, Characteristics of the 
fective—San Plumb, Apr 15—97. 1000 w. —A. Thurston Heydon. Min & Sci Pr, Mar 

Drainage, Modern Standards for House—Dom 20—97. 1300 w. 
Engng, Apr—97. Serial Part 1. 2000 w, ELECTRIC Circuits. Ares, ete., The Handling 

Drainage Scheme, Caleutta—Ind Engng, Jan 23 of (ID—A. J. Wurts. Sib Jour of Engng, 
—97. 1400 w. Mar—97. 3500 w. M May . 

Drainage Station New Orleans, La., The Jour- Electric Coal Mining Plant in the World, The 
dan Avenue—Don Y. Dyer. Fire & Water, Largest—Am Mfr & Ir Wld, Mar 19-97. 2000 
Apr 10-97. 1100 w. we 

DRAUGHT—See Boilers. Electric Current. Work in the—Elektrochem 
DRAWBRIDGE and _ Viaduct in New York Zeit. Feb—97. 2500 w. 

City, Opening of the N. Y. C. Four-Track (Il) Electric Discharges on Gases, Action of—Vil- 
—Sei Am, Feb 27—97. 2000 w. lari. Comptes Rendus, Mar 15—97. Electn, 

Drawbridge Ends, Methods of Locking—Pro Lond, Apr 23—97. 
Assn Ry Supts, Oct—96. 3300 w. Electrie Energy, Consumption of, in Europe— 

DRILL, New Rotary Hand-Worked_ Rock—Os. L'Eclair Elec, Apr 10-97, W May 22. 
Derclave. Col Guard, Feb 5—97. 1600 w. M_ Electric, Heating and Cooking—Colin. L’'Elee, 

Apr. Apr 17, 24—97. Bul Soe Int des Elec, Feb— 
Drill Testing, Some Records of—Am Mach, ov. W Apr 21. 
Mar 18—97. 800 w. Electric Heating, Metallurgical Applications of 

Drilling Machines, Horizontal—John Randol. (MH. Poisson. Sei Am Sup, Mar 20-97. 
Am Mach. Apr 15—97. 1700 w. 2000 w. 

“DROSGPHORE—See Humidification. Electric Heating—See Heating. Heater.
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L. W. Golder ought to have been placed in the marriage list 
of our last issue. He is still in his old position in Minnesota. 

A. S. Grover has been promoted from the shops of the Niles 
Tool Works to their drafting rooms. 

A. L. MeCulloch is with the U.S. Land Department in south- 

ern California. 

J. MI. Boorse visited the University the lattter part of May. He 
stills holds the position as electrician at the Alms House in 
Wauwatosa, Wis. Not long ago Mr. Boorse installed a small 
lighting plant in that town. 

R. C. Falconer is in the New York office of Purdy & Henderson, 

architects. Word comes that he is at the head of the office force. 

A. R. Sawyer visited the University lately in the interest of 

manual training at the Milwaukee schools. 

T. R. Brown is with the Wisconsin Bridge & Iron Co. He has 

had his salary increased four times in less than two years’ con- 

nection with that company and was retained in their office during 

the hard times when they had almost no contracts ahead. 

T. L. Gregerson is in the office of Olaf Hoff, consulting and 

contracting engineer, Minneapolis, where he has been nearly two 

years. 

A. H. Ford, E. E., has been elected Fellow in engineering at 

Columbia for 1898. 

04. 
W. A. Baehr is Superintendent of Distribution of the Milwau- 

kee Gas Light Co. 

H. P. Boardman is with the Chicago & Calumet Terminal Ry., 

with-headquarters at Chicago. For three years he was with the 

Chicago Drainage Canal. 

93. 
C. H. Hile, M. E., is Superintendent of Electrical Construction 

for the West End Railway, Boston. : 

J. H. Griffith is now in the City Engineer's office, Indianapolis, 

Ind., in charge of designing structural work. He has been elect- . 

ed Fellow in Engineering at Wisconsin for 1898. 

J. C. Haine is in the general office of the C., M. & St. P. Ry. 

at Chicago, and is well liked by his superiors. His work is partly 

indoor and partly outdoor work. 

ne en
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Tlectrie Hoist in Deep Mines—Eng News, Apr Biectricity from Fuel, ‘The Tvesent Status of 
897. the Direct Generation of—Elektrochem Zeit, 

Eheertle Lighting—Henry Stooke. Il Car & Feb 25—91, 2500 w. M May. 
Build, Feb 26-97, Serial Part 1. 900 w. Electricity in an_Oil Cloth | Factory ()—S. 
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ptt Tavestization” Cpon—Glaser's Electricity on the, Cincinnati Southern Railway 
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Jour, Apr—97. 297. 1200 w, 
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Electn, Feb—97. 1700 w. Electricity Works, Harrogate (I1I)—Elee Eng, 
Eloctie Rallway Operations, Comparative Keou- | Lond, Apr 9-97. 5000 Ww. : 

| eee ee Oars, Eng Mag, Mar—9r. ELECTRO-CHEMISTRY in the Cnited, States | 
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Electric Traction Appliances, Some Recent De- _ Blectn, Lond. Apr 9-97. 
velopments in Uih-A. K. Baylor, Ele Eng. ELECTRODYNAMIC Radiations from sun—L'- 
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ee eee avis, Eng Mag, May— ELECTROLYSIS from Electric Railway Service 
97.4400 w. “Ttowland, Amer Blectn, May—97.” W > May 

Electric Waves, Apparatus for Studying—Bose. 22. 

L'Elee, May 1—9i. Electrolysis. in the Extraction of Metals—Elee 
EMECERICAL Action of Carbon, in Flames— “Rey, Lond, Mar 19297 W) Apr 3. 
ser hee Rees Lond, May 7-97. W. May 22. Electrolysis of Fused Salts—Elee Rev, Lond, Apr 

Hieetrieal Catechism—Aaner Elec, Apr, May—9i. 22-97. W May 8. 
Hectic cate tions Principles’ Braucis Ib E...., ROLY TES," Effect of Great Current 
se eee tines Quar, Jan—97. Serial — Strength on the Conductivity of—Riehards and 
Part 1.6000 w. M. May. Trowbridge. DPhil Mag, May—97, 

eet ida “Driving in Shops—Blee Rey, Lond, ELECTROLYTIC Conductivity of Salts; Fritgeh. 
Apr 9-97. \vied Ann 60, p 300. Proe Lond Phys Soe, 

Wiektrieal Features of the Inaugural Ball, The | Apr—9i. 
Mii fouis ‘Denton Bliss. Am Blectn, Mar— Electrolytic Dissociation, | ‘Theory of—Carara. 
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Peete) “irittings, A New, Sstom of—Herr Eleeirolytic Preparation of a New Class of Ox- 
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Part 1. 2600 w. BLECTRO-MAGNETIC — Apparatus—Koenig. 

Electrical Matters, Congressional Bills on—West _ Elect, Lond, Mar 26—97. 
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J. G. Wray is Superintendent of Construction for the Chicago 
Telephone Co. This is a position of great responsibility. 

92. 
L. B. Worden is Contracting Engineer for the Wisconsin 

Bridge & Iron Co. He has been connected with this company 
since graduation and is a vital part of it. 

H. F. Hamilton is assistant engineer, C., M. & St. P. Ry. at 
St. Paul. 

‘90. 

W. G. Potter, C. E., is with the C., MM. & St. P. Ry. 

In Topographical Work. 

Among some of the most successful graduates in topographical 
engineering might be named David Fairchild, ‘90, E. C. Bebb, 
*96, and Harry Tripp, ‘96. Their superior officers in the topo- 
graphical branch of the U. S. Geological Survey have spoken of 
their services in the very highest terms, and have shown their ap- 
preciation by giving them substantial promotions. 

Both Mr. Bebb and Mr. Tripp took the U. S. civil service ex- 
amination in April and will be appointed soon upon the permanent 
force of this important survey. 

It is also significant that the success attained by these young 
men has lead the director of the U. S. Geological Survey to re- 
quest the topographical department of U. W. to recommend a 
larger number of topographers the coming season. 

1 

LOCAL NOTES. 

Scnrior Theses. 

The following are the names of the engineering graduates of 
’o7 and the titles of their theses: 

Civil Engineering. 
Arnold E. Broenniman, “Experimental Study cf Internal Hydro- 

static Pressures in Masonry Dams.” 
Perry F. Brown, “Sewerage System for the City of Janesville.” 
Edward Coombs, “Sewage Disposal at the State Insane 

Asylum.” 

Ross C. Cornish, “Drainage of a Cranberry Marsh.” 

| 
ee
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Engineering Compensation“ M. S. Parker. Jour Firing. Machine—Edward Bennis. Col Guard, 
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Fredric Dixon, “Relocation of a Portion of Portage Branch of 
C. MiG St. PB. BR. RB? 

Henry C. Fuldner, “On the Modulus of Elasticity of Stone.” 
William G. Kirchoffer, “Sewage Disposal of the State Insane 

Asylum.” 

Charles M. Kurtz, “Sewerage System for the City of Janes- 
ville.” 

Clinton McDonald, “On the Modulus of Elasticity of Stone.” 
Harry H. Ross, B. S., “Experimental Study of Internal Hy- 

drostatic Pressures in Masonry Dams.” 
Spenser S. Rumsey, “Drainage of a Cranberry Marsh.” 
Merton V. Webber, “Relocation of a Portion of Portage Branch 

of C., M..& St. P, Ri R.” 

Mechanical Engineering. 
Walter Alexander, “A Comparative Test of Simple and Com- 

pound Locomotives.” 

Robert B. Cochrane, “A Comparative Test of Simple and Com- 
pound Locomotives.” 

Nathan Comstock, “A Test of the University Boiler Plant.” 
James Short, “The Comparative Efficiency of the Steam Engine 

under Constant and Rapidly Varying Loads.” 
Benjamin W. James, “A Comparative Test of Gas and Gasoline 

Engines.” 

William H. Kratsch, “A Test of the University Boiler Plant.” 
Emil Lueth, “A Comparative Test of Gas and Gasoline En- 

gines,” 

Wallace MacGregor, “The Effect of Impurities upon Cast Iron.” 
Fred Nelson, “The Effect of Impurities upon Cast Iron.” 

Electrical Engineering. 
John S. Allen, “Investigation of Certain Phenomena of a Syn- 

cchronous Motor.” 

Murray Beebe, “The Electrolysis of the Metallic Chlorides.” 
Victor A. Berganthal, “The Effect of Impurities on the Mag- 

netic Properties of Cast Iron.” 

Leon R. Clausen, “A Comparative Test of Simple and Com- 
pound Locomotives.” 

John Dutcher, “The Comparative Efficiency of the Steam En- 
gine under Constant and Rapidly Varying Loads.” 

i
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George H. Jones, “A Comparative Test of Electric Meters.” 
Wallace Keihl, “The Comparative Efficiency of the Steam En- 

gine under Constant and Rapidly Varying Loads.” 

Otto Lademan, “The Effect of Impurities on the Magnetic 
Properties of Cast Iron.” 

Llewellyn Owen, “Commercial Test of Hotel Pfister Power 
Plant.” 

Harry W. Reilly, “Commercial Test of Hotel Pfister Power 
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Edward Schildhauer, “Investigation of Certain Phenomena of 
a Synchronous Motor.” 

Charles J. Schmidt, “Commercial Test of Hotel Pfister Power 
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NEW PUBLICATIONS. 

The Locomotive, Its Failures and Remedies, by Thomas 

Pearce, D. Van Nostrand Co., price $1.00, is a new book which 
has been received since the appearance of the last number of the 
Engineer. It is a book published with a sincere desire, on the 
part of the author, to benefit those who aspire to pass the exam- 
ination now required for the position of engineer on a locomo- 
tive. 

It takes up the work systematically by asking such questions as 
any competent engineer should be able to answer or would be like- 
ly to get in such an examination and gives the answers immedi- 

ately following. 

The answers are very suitable for each particular condition to 
which they are applied and show much experience and careful 

thought on the part of the author. 

The book is divided into chapters, each taking up some par- 

ticular phase of locomotive operation. 

Chapter I contains information for overcoming the more ele- 

mentary emergencies, as, failure of injector, leaky tubes, prim- 

ing, etc. 

Chapter IT takes up in detail the technicalities of the valve
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mechanism and cylinders, as, lap and lead, admission, cut-off, ex- 

pansion, ete. 

Chapters III and IV take up the testing of valves, ports and 

pistons, ete., at different relative positions of the same. 

Chapter V assumes certain damages upon the moving parts, 

and suggests such remedies as will cause the least delay. 

Chapter VI takes up the methods of placing the engine for un- : 

coupling or for general repairs. 

There is also a very complete set of valve diagrams, showing 

how the valves should be set for different positions and conditions. 

The entire book is typically English and although it might 

not strike the American engineer as exactly conforming to his 

ideas for overcoming similar obstacles, yet we believe it to be a 

production that would be cf value to any one interested in locu- 

motive management. 

The bock contains about 100 pages, besides 16 double page 

diagrams.
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fg PARAGON DRAWIN INSTRUMENTS. 
i Superior to all others in CONSTRUCTION, FINISH, MATERIAL, DURABILITY, 

x and everything else which goes to make up QUALITY. 

| : Each Instrument Stamped «-PARAGON.” 4 

(Ca. he 
Ne jy They are the American Pattern of instruments, made of a 

haa rolled German Silver (no hardened castings) and hand-forged 2S 

23 j] English steel. Ga 
[ae oe. 
ao BTS RS 

| Esser’s Patent Pivot Joint ) 7" 
4 “ti ee i 

ye is far superior to the old-style pivot joint. No projecting “iy : 

a screws to break off, no exposed threads to collect dirt, no im- @ ee 

| ee pinging of the end of one screw against the thread of another. tu 

| Boy We warrant our Paragon Instruments to last a life-time under proper 

fl care and to permanently retain their perfect action. 

be Fe ih We make and carry the most complete assortment of Drawing [ateri- 

fos Sf als and Surveying Instruments in America. 
aS! @ rot 

| Be Chicago Branch: KEUFFEL & ESSER Cco., 

ba 141 Madison Street. NEW YORK. 
MON es 

BUFF & BERGER, 
o& vt IMPROVED & 

ENGINEERING AND SURVEYING INSTRUMENTS. 
No. 8 Providence Court, Boston, Mass. 

They aim to secure in their Instruments: Accuracy of division; Simplicity in manipulation; 
Lightness combined with strength; Achromatic telescope, with high power; Steadiness of Adjust- 
ments under varying temperatures; stiffness to avoid any tremor, even in a strong wind, and 

thorough workmanship in every part. 

Their instruments are in general use by the U. 8. Government Engineers, Geologists, and Surveyors, 
and the range of instruments, as made by them forRiver, Harbor, City, Bridge, Tunnel, Railroad and 
Mining Engineering, as well as those made for Trigngular or Topographical Work and Land Survey- 
‘ing, etc., is larger than that of any other firm in the country. 

Illustrated Manual and Catalogue sent on application. 

wane (~ ollege Book St wee<( “ollege Boo ore 

‘ 
For Bargains in Books this Fall. 

Please mention Wisconsin Engineer when you write.
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ES, Daye PROVIDENGE, R. |. Se 
OUR MACHINES AND TOOLS.—Milling Machines, ” ——_ =D) Grinding Machines, Gear Cutting Machines, Cutters, Gears, 2 Oe Re Gauges, Micrometer Calipers, Etc., in design and workman. SAN NE aS ship embody the experience of sixty years, and are selected q [| Ca a by leading technical schools and manufacturing establish- he. | ments throughout the world. Gt Wee — 

8 They deserve to be carefully studied by those who wish ea to become familiar with or to employ superior appliances for ~St@tuat aii oe educational or experimental purposes, or for manufacturing “See PSS dup licate articles and interchangeable work. = — ~ - sixty machines and 300) je maitad an apslinatin Vstrs are welcome at our Works, and Catalogue (isis 2.2) y malig gr aatinaton 

LINK-BELT MACHINERY Co., — 
oa + ENGINEERS, FOUNDERS, MACHINISTS, 

Gg ee 3 CHICAGO, U.S. A. 
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HOFFMANN & BILLINGS MFG, CO,, 
MANUFACTURERS OF 

Brass and Iron Work for Water, 
Steam and Gas, ‘Byers’ full weight 
Wrot Iron Pipe. Engineers’ Supplies. 

AGENTS KNOWLES STEAM PUMPS, 
96 to 100 Second Street, - - Milwaukee, Wis. 

‘Who can think ‘Who can think Wanted —An Idea sess = ©Wanted—An Idea sss Waite gOHN WeDieiOOANe Comepnactenene — Fraleel Sour ideas: they mon, bring vou renin neys, Washington, D. C., for their $1,800 prize offer neys, Washington, D. C., for their $i,800 prize offer: and list of two hundred invertions wanted. and list of two hundred inventions wanted. 

Please meniion Wisconsin Engineer when you write.
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Comprise the following goods which are of the very highest E 
quality, strictly first-class and fully warranted. e 

Regrinding Globes, Angle, Cross and Check 
Swing Check Valves, Valves, ° 
Pop Safety Valves, Automatic Injectors, ® 
Handy Gate Valves, Chime Whistles, 
Automatic Water Gauges, Steam Cocks, 
Nenious, Sight Feed Lubricators, 
Glass Oil Pumps, Glass Oil Cups, 
Grease Cups, ’ Rod Cups, Md 

N Loose Pulley Oilers, Plain Brass Oil Cups, * 
Boiler Oil Injectors, Etc. 4 

The Most Comprehensive Line Made. 
j All goods rigidly tested and carefully inspected. None |b 

as good as Lunkenheimer’s, if you want the best. In stock 
* and supplied by dealers in Engineers’, Factory and Mill 
4) Supplies everywhere. None genuine unless “ Lunken- 
j heimer” is cast or stamped on every auticle. 

‘ Complete Catalogue Free for the Asking. ; 

4 THE LUNKENHEIMER COMPANY, 
i CINCINNATI, OHIO, U.S. A. 

SOLE MANUFACTURERS, ; 
; BRANCHES : 108 Havemeyer Bldg,, New York; No, 35 Great Dover St., London, S, E, i 
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ince unm



Index of Engineering Literature. 659 : 

TUBING for Interior Wires—Davis and Forbes. Ventilation of a Detroit Hospital (11)—Eng Ree, 

Elec Rey, May 19-97. W May 29. Feb 20—97. 1300 w. M_ Apr. . 

TUNNEL, |The Design and Construction of a Ventilation of House Drains, The—Richard Hor- 

Small Steel (11I)—H. D. Woods. Eng Rec, Feb ton. San Rec, Mar 5—97. Serial Part 1. 1400 . 

2-97. 800 w. w. M May. * 

Tunnel: The Roof Shield in the Boston Sub- Ventilation of School Buildings (Il)—S. H. 

way (I)—R R Gaz, Feb 12—97. 2000 w. M Woodbridge. San Plumb, Apr 15—97. 2300 w. 

Apr. Ventilation—See Mine. 

Tunnels from Reserveirs, Discharge—James A. VIADUCT Disaster, The Coldremick (II])—Eng, 

Paskin. Eng Rec, Apr 17—97. 1600 w. Lond, Feb 19-97. 1500 w. 

TURBINE to the Pa Osee of Marine Propulsion, Viaduct, New York, Erection of the Park Ave- 

The Application of the Compound Steam— nue (Ill)—Eng Ree, Feb 27-97. Serial Part 1. 

Chas. Parsons. Eng, Lond, Apr 16—97. 2000 1500 w. 

w. VIBRATIONS—See Steamships. 

Turbine Wheel, with Hydraulic Regulator, High- VICTORIA, The_ Alluvial Lead of—Aust Min 

Pressure—Schweiz Bau, Feb 6—97. 1000 w. M Stand, Feb 25—87. 

Apr. Victoria, State Aid to Mining in—C. C. Long- 

TURNTABLE Design, Some Examples of, Re- ridge.’ Min Jour, Feb 2i—97. 1000 w. 

cent Practice In—Eng News, Apr 1—97. Serial VIENNA Electric’ Railway System—Eng, Lond, 

Part 1. 3500 w, | M May. Apr 23—97. 

TURQUOISE Mining in Mexico—W. C. Fender- Vienna, Electric Traction in (I1])—Ry W1d, Feb 

son. Min & Sci Pr, Mar 6—97. 2200 w. M —97. 1000 w. 

May. Vienna Society for Better Dwellings, The (Ill)— 

TUYERES, Making Bronze or Copper (IIl)}— Zeit d Oest Ing u Arch Ver, Feb 19-97. 1500 

Phil Pastre. Mach, May—97. 800 w. w. M May. 

Wee District, Notes on the—Oest Zeit f . 

Berg u_Hiitt, Jan 2-97. 2500 w. Wces in the Coal Mining Industry During 

UNDERFRAMES of Freight Cars, The Main- 1895—Col Guard, Mar 26—97. 1200 w. 

tenance of Iron and Wooden—M. L. Tolmar. WAGON of the Electrical Department of the 

Am Eng & RR Jour, Mar—97. Serial Part 1. City of Munich, Testing—Elektrotechn Zeit, 

2700 w. Jan 21-97. 1500 w. M Apr. 

UNDERWRITERS, Electrical Bureau of the Na- \y ALES, Art in—T. E, Ellis. Arch, Lond, Apr 

tional Fire (I1)—West Electn, Apr 3—9. 2-97. 7800 w. 

URANIUM and a Neighboring Insulated Metal, WALKER System of Traction—Eck. — Electn, 

Blectric Equilibrium Between—Kelvin. — L'- Lond, Apr 30—97. 

Eclair Elec, Apr 10—97, WAR. The Transformations of Material of—La 

Uranium in Air, Law of Discharge of Electri- Revue Technique, Mar 25—97. 3500 w. 

fied—Becquerel. L'Eclair Elec, May 1-97. WARMING and Heating Engineers, Berlin, "96, 

UTAH, Power Transmission Plant—Wes: Electn, The /First Convention of—Zeit d Oest Ing u 

May 22—97. . Arch Ver, Mar 5—97. 3500 w. M May. 

Utah, The Tintic Mining District in—-H, L. J. WARSHIPS, German and Foreign—Stahl und 

Warren. Eng & Min Jour, Mar 6—97. 2500 w. Eisen, Apr 1—97. 2000 w. 

M May. Warships. Modern (11)—Zeit d Vereines Deutsch 

Ing, Jan 30—97. 5000 w. M Apr, 

pcx Warenips Our—William Allan. Contemporary 

‘VW AcuEn Conduct Electricity? Does a—Trow- Rev. Mar—97. 3000 w. 

bridge. Am Jour Sei, Apr—97. W Apr 10. WASHOUT, A Remarkable and Costly—Ry Age, 

Vacuum Tube, Radiation—Precht. Electn, Lond, Apr 2-97. 500 w. 

Mar 26—97, W Apr 10. WATER, Appliances for Winding—W, Galloway. 

Vacuum Tube, Simple Method for Separating Ir & Goal Trds Rey, Feb 26—97. Serial Part 

‘Alterative Discharges in a—Hildebrand. — L’- 1. M May. 

Eclair Elee, Apr 1;—97. Water Department. Concord, N. H. ()—Fire & 

Vacuum Tubes, Photographie Action in_and Water, Mar 18—97, 1200 w. 

‘Avound—Battelli, Electn, Lond, May 7—97. Water from Pollution, The Protection of Sur- 

W May 22. face—W. T. Sedgwick. Jour N E Water Wks 

VALVE and Its Use, The Pressure-retaining— Assn, Mar—$7._ 8500 w. . 

RR Gaz, Apr 30-97, 2200 w. Water-Line in Designing the Lines of Ships, 

Valve Gears, Assistant Cylinder for—B. H. Joy. The Use of the—A. G. Ramage. Eng, Lond, 

Prac Eng, Apr 2—97, 4000 w. Apr 16—97. 600 w. 

Valve Motions. A Rational Method of Studying Water Meterage, The Progress of—Fire & Water, 

(Ill)—Henry Hess. Mach, Apr—97. 1700 w. M Mar 6—97. Serial Part 1. 1200 w. 

May. 
WATER POWER—EFlec Rev. Lond, May 7-91. 

Valve Setting on Steam Pumps—Power, Apr—97. Water Power Develoned for Electric Railway, A 

1800 w.) M May. Albert Phenis. Mfrs Ree, Feb 12-97. 1300 

Valves, The Schenectady Intercepting and Ex- ow. 
haust—R R_ Gaz. Mar 26—97. 1000 w, WATER SUPPLIES in Southern California—J. 

VAN BUREN St. Suburban Station, Tllinois Cen- TE. Van Ornum, Jour Assn of Engng Soc, Feb 

tral Railroad, Chicago (lj—Ry Rev, Mar 6 —97, 5600 w. M May. 

<7, 700 w. Water Supply for High Buildings, New System 

VEHICLES, Electrically Driven—Trans Am Inst ‘of (II)—W.'S. Huyette. Heat & Ven, Apr 1b— 

of Elec Engs, Jan—97. 1200 w. 97, 800 w. 
VELOCITY, Means of Producing a_Constant An: Water Supnly in South Australia—Engng, Lond, 

gular—Webster, Am Jour Sci, May—S7. W_— Apr 23—97." 1200 w. 

May 8. . . Water Supply of Greater New, York, The New 

VENEZUELAN _Railroad Development—Cons Charter and—Fire & Water, Apr 24—97. Serial 

Rept. Apr—9r. 5500 w.. Part 1. S00 w. 
VERSAILLES. Electrie Tramways at (II)—Ry water Sunply of New York, The Future—Fire 

Wid, Feb—97._ 1000 w. La Revue Technique, & Water, Mar 26-87. 1000 w. 

Reb 9 3000. w. Water Supply of the City of New Bedford, The 

VENTILATING System: One of Many (I1)—C. Further—Edmund Wood. Jour N E Water 

I. King. Wis Eng, Apr—97. ‘Assn, Mar—97, 7800 w. 
Ventilation by a Chimney and by a Fan, Rela- Water’ Sunvly of Toronto, Ont... (Il}—Fire & 

tive Efficiency—R. Cc. Carpenter. Heat & Ven, Wates. Mar 27--97. 1000 w. M May. 

Feb 15—97._ 2800 w. M_ Apr. Water Sunnly Stations for Locomotives—C. F. 

Ventilation, Furnace Versus Fan—Wm. Clifford. Street. Rv Rev, Feb 20-97, 1300 w. 

, Am Mfr & Ir Wid, Feb 12-97. Serial Part 1. Water Sunply—See Denver. London. 

1400, w. WATER Tower, A Steel (I1l)—Eng Ree, Feb 27 
Ventilation of a Brooklyn School—Eng Rec, Mar —i7. 100 w. . 

20-97. 1500 w. M May. Waterways Commission, The Report of the 
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° ‘ The Deane of Holyoke Pumping Machinery 
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DEANE COMPOUND DUPLEX HYDRAULIC PUMP 
Suitable for any Pressure from 500 to 5,000 Pounds 

Mby| THE DEANE STEAM PUMP COMPANY, 
Chicago Warerooms, 201 Van Buren St, KOLYOKE, MASS ee 

: 

ere j Direct SS I the Sclf-Oiling Engine. “Bettea, 
es a fupeg - Direct 

KR A aD wall, Connected IIe NBO ine 
I /. Id oy i oor = " Generators, 

Send for Catalogue. f hf ye x a "| co se A. L. IDE 
large half-tone pics { A e of go a) , . & SONS, ture and souvenir eS me ea ag Springfiely playing cards. ee « i Oe Mlinois. 

THe Jobson System ot 

#ee Is now used in all modern buildings, both 
GS public and private. It prevents the waste of 

heat and consequently is a fuel saver. ee a 

Johnson Electric Service Co. 1 
Boston, Pittsburgh, Detroit, Milwaukee, Minneapolis. 

Please mention Wisconsin Engineer when you write,
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United States Déep—Eng News, Feb 11—97. WILLOW Grove Park, Philadelphia, Amuse- 12000 w. M Ape ment Features at—Eng News, Mar 11—97. 3200 WATER WORKS, Arad, Hungary (Ill)—Ind Ww. . 
Eng, Jan 30—97. 1800 w. WIMSHURST Machine, Observations with the— Water Works at Cambridge, Mass (IlI)—Fire & Negreanu. L’Eclair Elec, Mar 6—97. W Apr W ter, Mar 20-97. 1800 w. 10, . Water Works in United States and Canada, Num- WINDING Arrangement with Constant Resist- ber and Ownership of—Engng News, Apr 29— ance, New—André Després. Gol Guard, Apr 9 97. 2800 w. =. 2400 w. M June. 

Water Works, IKhandwa—L. M. St. Clair, Ind WIRE—A. L. Orton. Sib Jour Engng, Apr—97. Engng, Mar 27—97. 4200 w, 1800 w. 
Water Works of Calbe, The—Zeitschr der Ver- Wires of Tron and Bronze, Sag of—Dreisbach. 
eines Deutscher Ingenieure, Mar 13—97. 3500 w. Elektrotechn Zeit, Mar 11-97, W Apr 3. Water Works Practice. Present Tendencies in— Apr 21, 
Eng News, Apr 15—97. 2200 w. Wiring—Bonfante. Bul Soc Int des Elec, Feb— Water Works Property, Valuation of—Wynkoop oe 
Kiersted. Pro of Am Soe of Civ Engs, Mar— Wiring. Calculation of—Amer Electn, Apr—97. 
97. 700 w. W_ May 8. 

‘Water Works Records and Blanks, Prize-—Munie Wiring Circuits, Drop in Special Incandescent— 
Engng. Mar—97. 2000 w. Amer Electn, May—97. 

Water Works, The Financial Management of— Wiring, Inconsistencies in Electric—H. N. Gard- . E. Kuichling. Proc Am Soe Civ Engs, Apr— ner. Elec Eng, Feb 24—97. 2000 w. M Apr. 97. 7000 w. Wiring, Interior—Hanchett. Amer Electn, Feb, Water Works with Electric Driving (I)— Mar, Apr, May—97. 
Zeitschr der Vereines Deutscher Ingenieure, Wiring Rules and Regulations in Germany—L’- Mar 20—97. 1500 w. Elec, Apr 3—97. 

Water Works—See Lighting Station. Wiring, Temporary—Bliss. Amer Electn, Mar— WATT and the Measurement of Power—W. H. oT. 
Preece. Electn, Lond, Feb 12—97. 4500 w. Wiring; Uninsulated Pipe for Interior—Zingler, 

Wattmeters, Calibrating—Bedell, Sib Jour, Mar Elec Rey, Lond, May 7, 14-97. Eo May 26. 97. W Apr 10. W = May 29. 
WELLS at Brookline, Mass., Driven—F. F. WITWATERSRAND Gold Fields, Economie Forbes. Jour N E Water Wks Assn, Mar—97. Features of Mining on the—E. P, Rathbone. 2300 w. Eng & Min Jour, Feb 13--97. 3800 w. M Apr. WEIGHING Machine, A Power-Feed, Auto- WOODS, Summary of Mechanical Tests on matic (IIM—R R Gaz, Apr 16—97. 2300’ w. Thirty-two Species of American Woods—U. 8. WELSBACH System in Paris, Public Lighting Dept of Agri, Cire No, 15. 4000 w. by the—M. Maréchal. Jour Gas Lat, Feb 16— WORCESTER | Electric Lighting Station, The 97. 2500 w. M Apr. Extension at the—Hlee Rey, Lond, Apr 2—97, WEST KOOTENAY Mines. The—Wm. A. Car- 1600 w. 

lyle. Min & Sei Pr, Feb 20-97. 150 w. M WORK, A New Unit of—Zeit d Ver deut Ing, Apr. Feb 20—97. 1000 w. 
WHEATSTONE Bridge. Most Sensitive Arrange- WORM, The Construction of the Hindley (Ill)— ment of—Child and Stewart. Phys Rey, May, «Am Mach, Mar 25—97. Serial Part 1. 1000 w. June—97. W May 29, 
Wheatstone Bridge, Currents in the Branches of 
~Crehore and Squier. Phil Mag, Mar—97. W Yea Naruna, The Twin-Screw (Ill)—Eng, Apr 17. Lond, Feb 26—97. 1500 w. WHEELS, Axles, Ete.. A New Method of Dress- YEAST, Production of—Elek Anz, Mar 28—97. ing Car—R, Atkinson. Eng News, Feb 25—97. W Apr 24. 
2000 w. YUKON District, Gold Mining in the—W. M. Wheels, Correct _Gaging in Mounting Car—R R Ogilvie, Can Min Rey, Apr--97. 4400 w. M. Gaz, Feb 26—97. 1500 w. June. 

WIDNES. Copper) Works at (TI)—Elee Rey. Y? tAU Railway, The—Ry Wld, Mar—97. Lond. Mar 19—97. 1800 w.
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CROSBY STEAM GAGE AND VALVE CO. 
ge Sole proprietors and manufacturers of Crosby Pop \ 

Ny Safety Valves and Water Relief Valves, Crosby im 
- Se | 4 proved Steam Gages and Recording Gages, Crosby Steam 

| ~~ Nag] q Engine Indicators, Patent Gage Testing Apparatus, Bos- 
eeccacg@ | #4. J worth Feed-Water Regulator, Crosby Spring-Seat Valves 

KR _— : = ss with renewable seats, both globe and angle, guaranteed 
| 1 =e = not to leak at highest pressures. Manufacturers and 

_ dealers in Engine, Boiler and Mill Supplies. 

ot OFFICE AND WORKS: BOSTON, MASS. 

STORES :—Boston, New York, Chicago, and London, Eng. 

Schaeffer & Budenberg. 
WORKS: SALES OFFICES: 

1 N.Y 66 John Street, New York. 

Brook yn, ene 22 West Lake Street, Chicago, II. 

MANUFACTURERS OTIS 

OF THE... ae 
aerate 8 1 ‘ y ar IMPROVED “THOMPSON” INDICATOR 1 Ce 

LAND.. ti, tT i your a oe ~6—oT LYNE” IGICATOR el 2S 
oe er eS ) 

For Steam and Ammonia. ee a <i pos: | 
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rat i ww Gamma ie Pref. RC. Carpenters Calorimeters a 

toe . Gig sae | 
For determining the percentage of mois- i \ (aah AY 
ture ia s:eam, also of Tachometers, (In- A Rs 

dicating and Recording), Revolution © aay 

Counters, Pyrometers, Pressure and eS —— 
Vacuum Gauges for all purposes, Etc., Y esha yi om 

Etc. 2 2 2% ee eR ea 

Flease mention Wisconsin Engineer when you write. =
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University of Wisconsin. 
a 

College of Mechanics and Engineering. 
PPP 

Offers Three Systematic Courses—=. 

& CIVIL ENGINEERING, 
SN 
q MECHANICAL ENGINEERING, 

ELECTRICAL ENGINEERING. 
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 

in Steam, Hydraulic, Sanitary, Structural, Rail- 

way, Municipal and Geodetic Engineering. 

pRPeR De 

The Library Facilities ___— 
Are very complete, all the important Technical Journals 

and Society Proceedings in the world being kept on file 

and always accessible. 

PRD DR 

For further [nformation send for Engineering Gircular : 

or University Gatalogue. ~ 

Address, 
GC. K. ADAMS, President, 

Madison, Wis. 

Please mention Wisconsin Engineer when you write,
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‘ —— WRITE“FOR CATALOGUE. ~ LARGE TANK 
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