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GREETING.

With this number the Wisconsin Engineer comes out for its
trial trip in the field of technical journalism. While, as with any
new mechanism, alterations and readjustments will no doubt be
found desirable, the assistance and words of encouragement re-
ceived on every hand during the preparation of this number, have
led us to hope for a genial reception and an interested and friendly
inspection.

It has for some time been the desire of many students and
alumni of the College of Mechanics and Engineering that they
might have a representative among the periodicals issued by tech-
nical schools of the country; and that, if possible, they might take,
as an institution, some more active -part in the dissemination of
engineering knowledge and experience. It is the aim of this
journal to fill that want in so far as it may be able.  Itis desired
more especially to make known the results of original investiga-
tions by students and others connected with the University and
to publish communications of general interest from graduates who
are engaged in the practice of their profession. From time to time
will appear short notices of matters of unusual interest connected
with the University, and space will also be allotted to alumni notes.
Let it not be understood from this that our pages will be restricted
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entirely to the use of those connected with the University. Ar-
ticles of merit will be gladly received from any who may see fit
to cohtribute. A general index to periodical engineering litera-
ture is designed to be a special feature of the magazine. Our
reasons for undertaking this work will be given more in detail in
the introduction to that department.

The loyalty of our alumni and students to “Old Wisconsin” is
proverbial and it is,hoped that this publication may still further
strengthen the feeling of brotherhood among them and prove a
source of mutual benefit, while at the same time contributing
something of interest to the profession at large.

APPROXIMATE METHODS FOR THE RAPID DETER-
MINATION OF AZIMUTH, LATITUDE AND TIME.

BY GEORGE C. COMSTOCK,

Professor of Astronomy and Director of Washburn Observatory.

The text books contain in sufficient abundance methods for
the determination of latitude, time and the direction of the
meridian with more than sufficient precision for the purposes of
the engineer, but these methods are, as a rule, too laborious and
too slow for use when economy of time is a consideration of
prime importance. Methods for the practice of field astronomy
which require no other apparatus than that ordinarily carried
by the engineer and which involve no tedious logarithmic com-
putations are among the desiderata of the profession and the
tables which constitute the essential part of this paper are offered
as a partial satisfaction of these requirements. For the deter-
mination of latitude and the direction of the meridian they pre-
suppose no other apparatus than a properly adjusted transit and
a watch regulated to local (mean solar) time. For the determi-
nation of time a Nautical Almanac is required, but the determi-
nation of time is usually made for purposes that otherwise
require the use of the Almanac.

The argument of the tables, 7, is the hour-angle of the pole-
star and the tabulated quantities @ and & are respectively the
difference of azimuth and altitude between the pole of the heavens
and the pole-star as seen froma place in 40° north latitude. An
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auxiliary table furnishes the means of adapting these quantities
to any other latitude within the limits of the United States
through the formula

A= 180°+ Fa =@—->0

where A denotes the azimuth of the star reckoned from south
through west, / is its apparent altitude (including the effect of
the refraction) and ¢ is the latitude of the place of observation.

The quantities @ and 4 must be interpolated from the table for
the time at which the observation was made, and to obtain the
value of # corresponding to this time we note that an ordinary
watch regulated to local time shows upon its dial at every mo-
ment the hour-angle of the mean sun. The hour-angle of the
star is therefore equal to the time shown by the watch, plus the
difference of right ascension of the star and sun, and as this
difference increases with approximate uniformity at the rate of
a little less than four minutes per day, we may put

t = W4 sm(D—E) (1—0.015)

where W is the time by the watch, D is the date of observation
and £ is the epoch at which sun and star have the same right
ascension. In consequence of the periodic recurrence of leap
year in our calendar and of a number of minor causes which
need not be specified, this epoch varies slightly from year to
year, but it may be found with sufficient precision from the

formula
E = April 11.84 0d.35 (T'—1900)— B

where 7 denotes the year for which £ is required and 5 is the
number of Feb. 2gths which have fallen in the interval from 1900
to the date of observation. A table of epochs computed from
this formula to the nearest tenth of a day, is given below.

Owing to the motion of the pole of the heavens the quantities
a and & change slowly with the lapse of time and their tabular
values are strictly correct only for the year 19oo. They may,
however, be reduced to any other date within twenty years of
1900 by increasing the tabular quantity by one-half of one per
cent. of itself for each year prior to 1900 or diminishing it by a
like amount for each year subsequent to 19goo. We shall rep-
resent these reduced values by &’ and #” and shall then have the
following formule and tables in which @ and 4 are expressed
in minutes of arc:
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t=W+ 4m § Date—Epoch } (I—O.()IJ)

t a b t
3 ; '
0| — o0 4+ s, BB = 24
2 3
1| — 25 + | — 79 — 23
24 7
2 — 49 4 — 65 — 22
20 12
3 — 69 + — 53 - 21
15 16
g | = @ w B s 20
9 18
5 | — 93 + _ 19
3 19
6 | — 96 + = O 4 18
4 19
T — 9 4+ 4 19 4 17
10 17
8 - 82 + 4+ 36 -+ 16
15 15
i | = i + 5+ | 15
20 12
10 | — 41 4+ + 63 & 14
23 7
o] o= g + 7 + | 13
' 24 3
1w | — 6 4 + v 4+ 12
Setting = 180° + Fa' Latitude = h+ b’
@ o Epoch Epoch
- - e
20 0.85 1896 Apr. 10.4 1901 Apr. 12.1
4 ¥
30 0.89 1897 L 10.8 1902 £ 12.5 '
5
35 0.94 1898 L 11.2 1903 £ 12.9
6
40 1.00 1899 LU 11.5 1904 ¢ 12.2
8
45 1.08 1900 et 11.8 1905 e
1 §
50 1.19

An observation for azimuth or latitude is conveniently made
as follows: Let the transit be levelled and let the observer com-
pute in advance for some particular hour and minute by the
watch the values of 4" and Fa’. Set the horizontal circle to
read 780° + Fa' and at the chosen hour and minute bring the

s
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star behind the intersection of the cross wires, using the lower
motion of the instrument in azimuth so that the circle reading
shall not be changed. The latitude is now given by the read-
ing of the vertical circle, ® =/ + /', and the azimuth of any
point toward which the line of sight may be directed will be
given immediately by the reading of the horizontal circle.

If the latitude is approximately known it will often facilitate
finding the star in the twilight to set the vertical circle to read
the star’s alutude, 2 = ® — #', and looking into the telescope to
turn the instrument s/oze/y in azimuth until the star appears in
the field.

An instrument whose horizontal circle has been adjusted to
read true azimuths is said to be oriented. After the instrument
has been oriented, if its verniers be made to read zero, the line of
sight will lie in the meridian and time may be determined by
noting the instant by the watch, 7, at which any star of known
right ascension, o, passes behind the vertical wire. The cor-
rection of the watch, referred to sidereal time, is given by the

formula
AT = a—-T

in which e« will usually be obtained from the Nautical Almanac.
For the determination of time by this method a star should be
chosen which culminates south of the zenith and at as great an
altitude as can conveniently be observed with the transit. To
find the star set the telescope to an altitude equal to the decli-
nation of the star plus the complement of the latitude of the
place and await its appearance in the telescope at the time

- [cro +4m (D—E) (1—0.015)]

where a is the right ascension of the star and e, is the right
ascension of Polaris.

Precision of the Result. If the error of the watch does not
exceed two minutes the observation for azimuth or latitude may
be made at any time when the pole-star is visible and the error
of the result, due to the approximate character of the tables, will
not much exceed one minute of arc in the most unfavorable
case. If the watch can not be depended upon-to within two
minutes the same degree of precision, 1’, may be obtained by so
timing the observations that the argument, 7, shall fall at a part
of the table where the tabular differences are small. The accu-




8 The Wisconsin Engineer,

racy with which the time is determined depends mainly upon
the accuracy of orienting the transit, but in general the value
of AT may be relied upon to within five seconds or less, and this
is sufficiently precise for the reduction of any azimuth observa-
tions made with an engineer’s transit upon a circum-polar star
within one hour of elongation

Note.—The date which appears in the formula for 7 is ex-
pressed according to the astronomical usage and changes from
one day to the next at noon instead of midnight. For an obser-
vation made in the morning hours therefore the date must be
that of the preceding day, civil reckoning, and the time by the
watch must be increased 12 hours. Values of 2 greater than
12 hours are given at the right side of the table, and it may be
seen that the sign of a is + for these values and — for those less
than 12 hours.

Example.—The following observations intended to illustrate
the use of the tables, were taken with a well adjusted transit and
awatch assumed to be approximately correct. In interpolating
the value of 7 from the auxiliary table the latitude was assumed:
to be 43°.

1896, May !7. Evering.

Date May 17.3 F 1.05
Epoch Apr.  10.4 Ry —0°47°
Ioterval 36.4 days I +1 5

x 4m 147.6m Setting 179 13
Less 0.015 2025 qme h. 43 0
w T 42.6 17} 43 A
t 10 8.0 Tomark 187 54

Instrument set to read 0° 0" and transit of 8 Leonis observed
% Th H%m 18s
a 11 43 48 (American Fphener's)
AT +3 45 35 (Sidereal)

The setting 179°13’ was computed in the five minutes which
precede 7* 42™ and the instrument set to this reading and directed
toward Polaris at 7% 42.6™. The reading of the vertical circle,
/4, gives the latitude and a subsequent reading to a terrestrial
mark gives for i's azimuth 187°54". The true latitude of the
instrument was 43° 4" 37", and the true azimuth of the mark was
187° 54" 10". A comparison of the watch with the standard
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clock of the Washburn Observatory, made immediately after
the observations, gave as its true correction to sidereal time
+ 3* 45™ 35.5"

It may be noted that the whole determination of azimuth, lat-
itude and time above given occupied about thirty minutes, a
considerable part of which was spent in waiting for a suitable
time star after the instrument had been oriented. The determi-
nation of the azimuth of the mark was completed within ten
minutes from the time the instrument was levelled.

STORAGE BATTERY AUXILIARIES FOR RAILWAY
POWER STATIONS*

W. H. WILLIAMS, 'g6.

The question of storage batteries as central station auxiliaries
has been largely discussed in America during the past year. The
discussicns have been practical because they have given the re-
sults of experience instead of theory. FEuropean central staticns
have been successfully using them for several years, in fact there
is scarcely a direct current central station of any importance in
Europe without its accumulator plant. On the contrary, Amer-
ican engineers have been so prejudiced against them that it is
only recently that any of them could be induced to even consider
them. A large part of this prejudice is due to the abuse of the
batteries. In the early attempts to use them they were frequently
overtaxed and injured, and then discarded because they would
not stand up under strains for which they were never intended.
The manufacturers were in part responsible for this; for until re-
cently their sole object has been to obtain the largest possible
output per pound of plate, resulting in weak plates. Experience
has taught them, however, that except for special service, me-
chanical stability rather than lightness is to be desired. As a re-
sult, strong, heavy plates are now more generally used, and bat-
teries for the most severe service have become a possibility. For
heavy work we are accustomed to build extra strong machinery,
and the same rule should apply to storage batteries. The heavy

*A dissertation prepared for the class in Electrical Railways; read April 14, 1896.
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machine costs more than the light one, but in the end is more
economical.

Another singular thing in the storage battery development is
that after years of effort to make a pasted plate superior to the
Planté, the opinion is becoming general that in spite of its higher
cost the Planté is by far the best, especially for the positive plate.
The defects of pasted plates are loss of active material, short-cir-
cuiting, buckling and sulphating. A plate formed of a grid filled
with active material must necessarily produce unequal action,
either of the active material or the supporting frame. Due to this
inevitable lack of homogeneity, some parts of the plate will con-
tribute more to the discharge than others, with the result that at
the end of a useful discharge no two parts of the same plate nor
any two plates, will be in the same electrical or chemical condi-
tion. Again, due to the unequal expansion and contraction dur- -
ing charge and discharge, due to the different density and ex-
pansibility of the materials, something must give way—either the
grid or the active material. Now where the active material is
in such large units, perfect circulation and action of the electro-
Iyte is also impossible and more or less sulphating results.  Mr.
Carl Hering recently stated that the ideal method would seem to
be a vertical lead plate to act as a good conductor, with an ex-
tremely large surface, and a thin layer of peroxide on it, thor-
oughly exposed to a large quantity of acid which is capable of
circulating freely. Now in the formed plate the active material
blends gradually with the original substance of the lead itseilf, in-
suring the most perfect contact. This active material not only
covers the surface but enters into the plate by minute roots, mak-
ing a thin layer of the peroxide, thoroughly attached, and bathed
on all sides by the electrolyte, thus ensuring uniform action upon
every particle of the active material and thereby preventing sul-
phating. As these formed plates are nearly always grooved they
present a large surface, and as the active material does not fll
the grooves, buckling is prevented. The ideal plate then seems
to be the Planté as it is now made by several responsible firms.
Moreover, the ideal cell seems to have come from a union of
these two types, and several of the most successful recent instaila-
tions have consisted of Planté positives and Chloride negatives.

The recent discussion has seemed to show beyond a doubt that
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accumulators introduce marked economies and regulation in cen-
tral station operation. The large and successful experience of
the Boston Edison Co., the recent large installation of the New
York Edison Co., and the installation of several smaller auxiliary
plants, seems to show that the worth of the storage battery is be-
ginning to be recognized in America.

The question naturally arises, if the storage battery adjunct is a
good thing for a lighting station, why would it not be even more
useful in a railway power station? A storage battery acts as a
buffer between the external load and the dynamo, taking the
shock of the variations without throwing it on the engines,
thereby reducing the average variation in load to a small amount
and making the machines more efficient. It is thus a most ex-
cellent regulator and maintains a nearly constant voltage at the
switchboard. It also serves as a reservoir of energy, receiving
energy when the load is below the normal and giving it out
again when the load is above. In no class of electrical work is
a regulator more necessary than in the operation of street rail-
ways. The variations in load, as every one knows, are enormous,
frequently going, in the smaller stations, from friction load to
full load in two or three seconds. IHere then is a most excellent
field for accumulators. The question is, can they satisfactorily
meet the conditions? '

There may be said to be three requisites for a railway power
station,—reliability and certainty of operation, constancy of speed,
and economy. The first is by far the most important; and so the
street railway engineer will ask at once, “Can storage batteries
stand the heavy discharges they will be subjected to in such
work?” Perhaps the best answer to this question is to cite what
they are now doing. The first set of accumulators in the Boston
Edison Station was guaranteed to deliver 1,600 amperes on each
side of the three wire system for 1 1-2 hours; and Mr. Edgar, their
chief engineer, says they can readily deliver 4,800 amperes for 15
or 20 minutes if necessary.  This battery was installed in 1893
and gave such satisfactory results that another battery of double
the size was installed a year ago. A battery of 2,000 ampere
hours’ capacity was installed for the Germantown, Pa., Electric
Light Co. in 1893, and has frequently been discharged at four
times its normal rate, and has in case of accident carried the entire
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station lcad during the heaviest part of the evening, without in-
jurious results. A battery of 240 cells was installed in Janaury,
1893, for the Merrill Light & Railway Co. The normal dis-
charge rate is 50 amperes, but it has been used alone to operate
the railway for a day at a time, during which the discharge fre-
quently rose to 120 amperes, and the company reports no injury
therefrom. The St. Denis Tramway Co. of Paris has been oper-
ating about 30 accumulator cars for the last four years. The
cars are heavy, double-deckers, and the grades and curves of the
two lines are unusually severe; yet the success and economy has
been such that there is a probability that all the horse cars of Paris
will soon be replaced by this system.

For station batteries, where space is not so valuable and weight
no detriment, the plates can be made so large and strong that
enormous overdrafts are possible, and buckling and short-circuit-
ing well nigh impossible.  The storage battery companies now
stand ready to build and guarantee batteries for almost any con-
ditions of service, provided the purchaser is ready to pay the
requisite cost. We may conclude then that storage batteries as
now made are fully as reliable as any of the generating apparatus.
of a power station.
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Fic. 1.— Generator alone,

As speed regulators, storage batteries are the only means of
securing anything like constant voltage in a railway power sta-
tion. They thus render possible the satisfactory use of turbines
for operating small electric railways. The accompanying pres-
sure curves taken from the Merrill station, show the regulation
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of a turbine driven railway generator operating only two cars.
However, in a railway station variations of voltage, within reason-
able limits, is not so vital a matter as it is in a lighting station.
The principal value of the storage battery as a regulator is in fur-
nishing a steadier, more economical load and thus raising the
plant efficiency.
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Fic. 2.— Generator and battery in parallel.

The question of economy of operation will therefore decide
if accumulators are of value in a railway station. In the smaller
of such stations the engines are, as a rule, worked at about half
their rated capacity. This comes from the necessity of installing
and operating engines twice as large as necessary for the average
load in order to meet the enormous demands that may come at
any moment, often amounting to more than double the average
load. The test of the Madison plant last year showed seven cards
of over zoo I. H. P. and one of 248, the rated capacity of the
engine being 190 H. P. and the average Joad 117.5. The engines
are therefore operated far below their economical load. Further
it is a recognized fact that the economy of an engine, under the
great fluctuations of load incident to a small power station is less
than it would be under the same average steady load. There is
little exact data upon this subject, but Prof. Unwin, as the result
of some experiments, concludes that an engine working on a load
varying rapidly between 25 per cent. and 100 per cent. falls in
economy from 8.5 per cent. to 40 per cent. To be a little more
exact for this particular class of work I have collected the fol-
Jlowing data:
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TaBLE L—Fconomy Tests of Seven Electrie Railway Plants.*

l | % (e | A |,
. - o N

- gL | o R
Place. No. and Kind of Engine. fg ';:;? Fg 2ol hép_}
3 35 £5| £ | ®6 Cd
&= <& 5 @ Pog 118
= & g = | & |37 E"
111895 Madison, Wis..| 1 Tand. Comp. Cond., Russell........ 190; 117.5] 92.76, 28.69/5.35
2/1891) Utica, N. Y....| 2 Tand. Comp. Cond., A. & S..... ... 400 190.5/154.83 21.72/4.5 -
3i1894| Detroit.........| 1 Tand. Comp. Cond., Phoenix.......| 150 70.1 45. | 24.55]....

4{1895/ Cortland, N, Y.| 1 Tand. Comp. Cond., Watertown....| 175/ 60.4 48. 27.4 |5.2
51893 Hamilton, Ont.| 3 Tand. Comp. Cond., G. McC. & Co..| 820/ 482.6 362.1 | 22.68/3.13

6/1894| Auburn, N. Y..| 1 Tand. Comp. Cond., MeL. & S...... 215 80. | 63.04 27.34/3.19

7(1%94| Ithaca, N, Y....| 1 Tand. Comp, Cond., McEwen. ......| 350 16128 i 22,67 voss
e N ', B2 iinninfinn sifavs
Averages........cooovunenniiiiiili o sl 24

*1. Thesis of Burgess, Crane, Frankenfield and Mead, 1895,
2. Electrical World, 1891,
3. Transactions A, 8. M. E. Vol. 15.
4. Cassier’s Magazine, February, 1896,
3. Sibley Journal of Enginecring. Vol. 8.
6. Sibley Journal of Engineering. Vol. 9.
7. Sibley Journal of Engineering, Vol. 9.

TABLE 2.—Fconomy Test of Five Engines on Steady Locads*

f \ r
' J [ S A g -
| f r o [Eg | g (B =
! Place. | No. and Kind of Engine. b 8| ": § §n} Tgm
| 2 &S | . S
s £ J =8| 2R | A5 |4
-~ A | ] = J»—'l
1| 1893 | Ridgeway, Pa....| 1 Tand. Comp, Cond., McEwen, ........ | 100f 95.1 | 19.1 |....
;) B | Pittsburg.........| 1 Tand, Comp. Cond., Westinghouse. .. 13(}5140. 17.1
3| 1880 | Albion, Mich. ..., 1 Tand. Comp. Cond,, Lansing.......... | IUOI 95.47| 18.77/3.05
4 1890 | Lansing, Mich...| 2 Tand. Comp. Cond., Lansing...... ... i 250\[228.1‘2 16.57]....
[ !
Totals.......ccooeevvinnn......| 580/558.60
Averages . l 758 0

*1. Transactions A. 8. M. E. Vol. 14.
2. Westinghouse circular.
3-4. Transactions A, S. M. E. Vol. 11.




Storage Battery Auxiliaries. 15

It should be noted that these engines were all oi the same
class, and that the last five were considerably smaller than the
railway engines. The railway engines working, on an average,
at half load used 23.43 Ibs. of dry steam per I: H. P. hour, while
the average of those on steady, nearly full load, is 17.59 lbs.
From a large number of tests, of which these last four were a
part, Prof. Carpenter gives the following as the water consump-
tion on various steady loads for this same class of engines, in
lbs. of dry steam per I. H. P. hour: 1-4 load, 26.7 Ibs. ; 1-2 load,
21.3 lbs. ; 3-4load, 18.9 Ibs.; fullload, 17.5 Ibs.; 5-4 load, 18.6 1bs.
The last five engines practically verify the full load rate; but the
railway engines instead of using 21.3 lbs. per I. H. P. hour, used
23.43 lbs. or 2.13 lbs. per horse power hour more than they would
have used on the same average steady load.

It is therefore evident that a station with 1-3 or 1-2 its power
equipment in accumulators, thus allowing the engines to be
worked at their most economical load, would save nearly 6 lbs.
of steam per horse power hour of output, which for a station
operating 30 cars would mean a saving of about three tons of

al daily. It may be said that this is not a net saving since the
erficiency of the batteries is less than that of the generators. The
watt efficiency of the batteries would be from 8o to 84 per cent,
and considering the facts that the generators worked at full load
would have 3 to 5 per cent. higher efficiency, while the accumu-
lators would not be in active service more than one-third of the
time, it seems fair to assume that the losses in the accumulators
would be compensated by the increased efficiency of the gen-
erators. Therefore whatever savings are made in the operation
of the steam plant are clear gains, provided the first cost of the
batteries is no greater than that of the steam plant which they
take the place of. In fair sized plants a horse power of accumu-
lators can be installed for the same cost as a horse power of steam,
while for large equipments of triple expansion engines such as
are used by the Boston, New York, and Chicago Edison com-
panies, it has been found that the batteries cost 23 to 30 per cent.
less than a steam plant of the same capacity.

Formerly the rapid depreciation of accumulators was one of
the greatest objections to their use; but with present methods of
manufacture their rate of depreciation is no higher than that of
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the average generating plant. As evidence of this, makers of
storage batteries are now offering to enter into contracts with pur-
chasers to keep the batteries in repair for from 4 per cent. to
6 per cent. annually on their cost.

As an example of the economy of a combined steam and stor-
age battery station for electric railway purposes, the following
data is taken from The Electrotechnische Zeitschrift of June 28,
1804, regarding the plant at Zurich, Switzerland. The dynamos
arc shunt wound, and in parallel with them is a battery of 300
cells having a normal discharge rate of 81 amperes and a pos-
sible discharge of 243. Dart of the cells are charged from a small
auxiliary dynamo, and are cut in or out as the occasion demands,
The road is 2.8 miles long and has only 233 vds. of level track.
The maximum grade is 6.48 per cent. The maximum number of
cars used is g, and their weight, loaded, 12,210 Ibs. Cars are
operated on 6 min. headway for 12 hrs. 54 min. and on 12 min.
headway for 1 hr. 54 min. The total daily output is about goy
brake horse power hours, and as 2,960 Ibs. of coal is consumed
it is 3.3 Ibs. per B. H. PP. hour.  Where no accumulators are
used it is 5.5 Ibs,, so the daily saving is 2,000 Ibs. of coal, equal
to $2,580 yearly. The battery and switch apparatus cost com-
plete, $7.400, so that 1-3 of this is saved yearly in coal. Allowing
5 per cent. for sinking fund and 5 per cent. for repairs, the bat-
tery pays for itself in coal savings in four vears. This is an ex-
ceptionally favorable case, since at Zurich coal is high and bat-
teries cheap. The cost of batteries in America is 40 per cent. to
50 per cent, higher than in Ifurope, partly because crude lead is
higher and partly because of the desire of American manufac-
turers for too large profits. But still their cost is low enough so
that they can be introduced with economy into many of the
smaller street railway stations in casc of the enlargement or con-
struction of a new plant.

In order to ascertain the customary equipment of power stations
in the smaller American cities the following data has been ob-

tained largely through direct correspondence:
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TasLE 8.—Fquipment of Railway Power Stations.

Data from thirteen American cities of less than 35,000 population,

Place. *S;E’ :E Kind of Engines. B E%‘E b g b E ’:% g
ol s T =3 - a
38imple H. S.....
Aurora, Ill........ 1000) 875 % % 32 (15| 27 400 13 18
' 2Comp. Cond. H.S
Superior, NS csien 450 700| Simple, Corliss...... 29 115 | 24 620 21.3 26
Bay City ..........| 660 700 Simple, Corliss......| 30| 20| 23.3 510 17 25
Siouxz City ........ 400| 400| Simple, Corliss......[ 20 | 20 | 20 320 16 20
Youngstown, O....| 500| 750| Simple, Corliss......| 26 | 22| 29 600 23 23
Jamestown, N, Y..| 650 950) Comp, Cond, H. S....| 42 [ 18 | 226 840 20 20
Wheeling, W. Va..| 525/ 750) Comp. Non-Cond.H.S| 25 | 20 | 30 560 22.4 16
Terre Haute....... 450| 600] Comp, Non-Cond..... 28 | 22| 21.4 450 16.1 22
Anderson, Ind..... 320( 250, Simple, Corliss......| 10| 8| 25 200 20 11
Galesburg, Ill. ... 200 250, Comp. Non-Cond.H.S| 10 | 6 | 25 160 16 8
Cortland, N, Y....| 200 350, Comp. Cond. H. S....| 10| 6 | 35 200 20 10
Auburn, N. Y...... 150/ 215] Comp. Cond. H. S....[ 10| 6| 21.5 187.5| 18.75 | 56
Madison, Wis..... 120 190‘ Comp. Cond, H. 8....| 9| 8| 21.1 180 .. S NP
AVErAZES. .ottt i i s s 25 ceeeeen.| 19

The average equipment is seen to be 25 I. H. . of engines to
each car (taking the maximum number of cars), and about 19 K.
W. of generators. '

The actual average power necessary to operate an ordinary
single truck car cannot be fixed with much certainty, since the
grades and the kind of track make such material differences. On
roads with grooved rails the power used is considerably more
than if the rail is a T, or side-bearing girder.  On roads with
average grades and curves, and either T or side-bearing girder
rails, and good track construction, the following data of actual

tests gives a fair idea of the necessary power required at the sta-
tion: '
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TasLE 4 —Power Required in Station to Operate a Single Truck Car.

Data from Station Tests.

No. | @ A oA g g aE el
x Cars in| _ . o o | LBl B fl .;Ii"’
0. Place. Oper- ﬁz 55| BT | 87 | 4E| 54| 5 3.;5 3 &
hon.| < | - | 3t | B (27|27 5B B
1| Madison, Wis................. 8 2481175 | 130 | 92.76) 194 140{ 14.69] 11.59
2| Utica, N. Yo oviiiiiii .., 200 s 190.58)...... 15433 ... ... 9.52] 7.72
3 | Wyandott & Detroit Riv...... 3 141] 70 90.27] 45 200, 67| 24.25| 15.54
4 | Syracuse, NoY.oooorvinn .. T leweans 51.4 |...... 8.5 (....] 50| 7.34] 7.8
% | Corand, M Nowm s 6 |......|60.4|...... 48 vean]enan) 10.66) 8
B | AR N Yoo 6 |...... L1 N - 63.04{....]....| 13.33] 10.5
T 13.3 | 10.19

The average I. H. P. per car, to be developed in the station,
appears from the above to be 13.3. The actual power required to
propel a single car is more than this, varying from 11.38 E. H. P,
to 24 in the tests recently made by Mr. Hering on the Baltimore
roads, but being in the majority of cases about 15 E. . P. The
fact that not all the cars are in operation at the same time reduces
the power required at the station. In suburban work where stops
are few the station power required is more nearly the sum of the
power taken by the several cars, as is seen in (3) Table 4. The
same would be true of a city road,—the greater the number of
cars, the more nearly the average station power would be to the
maximum, and the fluctuations would be less. It seems safe to
assume then that the average station operating I2 to 30 cars would
not develop more than an average of 15 I. H. P. per car.

In order to exhibit clearly the economy, if any, of a combined
steam and storage power station, I have prepared estimates of the
first cost and operating expenses, by both methods, of two stations
of different sizes, within the limits of which fully one-third of all
American stations are found. The size of the equipment is based
on Table 3. Depreciation can be fairly assumed, as already
shown, to be at the same rate for the combined as for the all steam
plant. It is evident that the labor expense of either would be
the same, and also real estate. Somewhat more floor space would
probably be required for the combined plant, and hence a larger
building or an additional one. The only variables are, therefore,




Storage Battery Awxiliaries. 19

building, interest, taxes, depreciation, and the cost of fuel. The
working load is assumed as 15 I. H, P. per car, for the usual num-
ber of cars. The maximum number of cars are usually operated
but a few hours at a time, at intervals of several days, and there
is none of the generating apparatus that could not easily stand
an overload of 25 per cent. for the hours during which the maxi-
mum number of cars were operated. The data for the cost of
'steam plant is largely taken from a recent article by Prof. Carpen-
ter in Cassier’s Magazine for February, 1896; the cost of gen-
erators, switchboards, and batteries has been taken, in most cases,
from those of recent installations and is believed to be reliable.
The efficiency of the engines at full load.is taken at 17.5 1bs. steam
per L. H. P. hour., according to Prof. Carpenter; the efficiency
-at half load, rapidly varying, at 23.43 Ibs. from Table 1. Taking
an average evaporation of 7 Ibs. of water per 1b. of coal, we have
the coal used in the first case 2.5 lbs. per I. 1, P. hour; and in
the second 3.347 Ibs. Eighteen hours is taken as the daily run.

ESTIMATE <A.”
PLANT FOR A MAXIMUM O¥ 30 CARS—USUAL NUMBER, 25,
Direct Connected Units —Without Storage.

"STEAM Pranr.—yso I. H-P. Tandem-Compound, Condensing, H. S.

Engines and 450 H-P. Tubular Boilers, with condensers, feed pumps,

heaters, and piping, set and connected..ooowuuiuen couo oo ... $25,200 oo
570 IK-W. Direct Connected Generators, with Switchboard and instru-

ments, set and connected

...................................... 21,700 00
Total cost, Gengrating Plafite. v ssmsessimesmems 5005w, $46,000 0o
FOPERATING EXPENSES.

Interest, insurance and laxes, 10 per cent,; depreciation, 5 per cent.,
total 15 Per Behb. covvsecensveviationin sdns a0 s winmmmiamne snmae $7,035 oo

18 hrs. x 15 x 25 x 365=2,465,000 H-P. hrs. yearly output. 2,465,000 x
3-347 1bs.=8,250,355 1bs. coal=4,125.17 tons, al $2.00.....o.... 8,250 35
Yearly operating expenses, coal $2.00. ... ..., .. $15,285 35
Forgoal af $3.008dd « civumessesiisosiiniies nnmennmann sees 4,125 17
Yearly operating expenses, coal $3.00. ceeaee cenon e nenn.. $19.410 52

*Otlier operating expenses the same for each.
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SAME PLANT — WITH STORAGE.

SrEAM PLANT.—375 1. HL-P. Tandem-Compound, Condensing, H. 5.
Engines, and 225 H-P. Tubular Boilers, with condensers, feed
pumps, heaters, and piping, set and connected soeen ccesacmmaaann

300 K-W. Direct Connected Generators, with Switchboard and instru-
ments, set and connected.ccaas cunn- S R A S e

250 Cells, 1,350 amp. hrs. cap. at 320 amp. (possible discharge rate,
640 amp.) including acid and necessary switching apparatus, complete.

Extra room and cost of setting up batteries.... ...cceeeccvneseoznns

Total cost, Generating Plant ceceee cveecoancmnaccenceenens

*OPERATING EXPENSES.

Interest, insurance, taxes, and depreciation, 15 percent..-... ... .---
2,463,000 x 2.5 1bs.=6,162,500 lbs. coal=13,081.25 tons, at $2.00.....
Yearly operating expenses, coal $2.00 caucurescoaniansonnnes
For coal at $3.00 add coemee vemmcr cnmccn cnncomanme e s
Yearly operating expenses, coal $3.00.-ucee cmnnceannoneoene -

VEARLY SAVING with combined plant, coal at $2.00.ceeee ceve caunnn-
VEARLY SAVING with combined plant, coal at $3.00.ccece caenccunn--

$13,335 oo
11,700 00

23,000 00
2,500 00

$50,535 00

$7,580 25
6,162 50

813,742 75
3,081 2§

$16,823 00

$1,542 60
2,587 52

In order to insure reliability of service, no plant should have
less than two generating units, and three is better. For this rea-
son the combined plant in the following estimate is made up of
2-3 steam and 1-3 storage. This allows two generating units of
100 H. P. each, which, however, will only work ordinarily at 3-4
load. Their efficiency will therefore be 18.9 Ibs. steam per horse
power hour, and their coal consumption 2.7 Ibs. per horse power

hour.

ESTIMATE «B.”

PLANT FOR A MAXIMUM OF 12 CARS—USUAL NUMBER, IO.
Belted Generators—Without Storage.

STEAM PLANT.—300 I, H-P. Tandem-Compound, Condensing, H. S,
Engines, and 180 H-I". Tubular Boilers, with condensers, feed pumps,

heaters, and piping, set and connected.ceeee vaoeccaamvnncancmaans
225 K-W. Belted Generators, with Belting, Switchboard and instru-
ments, set and cOMNEcted .- cee vameomnoms sasmascmnnntiamen eee
Total cost, Generating Plant.ccee vemeee cavevecnoe connvmann “

F11,070 00

6,200 00

$17,270 00

*QOther operating expenses the same for each.
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* OPERATING EXPENSES.

Interest, insurance and taxes, 10 per cent.; depreciation § per cent.,
total I5 Per CeNt.ees cocesesacons sanmensamans s aammos e oman
18 hrs. x 15 x 10 x 365=085,500 H-P. hrs. yearly output. 985,500
x 3.347 1bs. =3,208,468 1bs, coal=1,049.23 tons, at $2.00...... ....

Yearly operating expenses, coal $2.00.ccenarr vmvenamananaan
For coal at $3.00 add.cee ceaecmncer caiciianmninnnenannenn

Yearly operating expenses, coal $3.00. caceur vovemnimennan.

SAME PLANT—WITH STORAGE.

STEAM PLANT.—200 I. H-P. Tandem-Compound, Condensing, H. S.
Tngines, and 120 IH-P. Tubular Boilers, with condensers, feed
pumps, and piping, set and connected. coeoen ciieiiieiiiniaiecunn

150 K-W, Belted Generators, with Belting, Switchboard and instru-
ments, set and connected. e e caenviae ciitiiimee e aeeee biss

250 Cells, 500 amp. hrs. capacity at 120 amp. (possible discharge rate,
240 amp.) including acid and necessary switching apparatus com-

* OPERATING EXPENSES.

Interest, insurance, taxes, and depreciation, 15 percent......ceceeca-.
985,500 x 2.7 Ibs.=2,660,850 Ibs. coal=1,330.04 tons at $2.00..---. ..

Yearly operating expenses, coal $2.00..ccoe iocieianaceanns
For coal at $3.00 add ..o oot i i e e ceae e

Yearly operating expenses, coal $3.00.cccue cuneencaasinana

VEARLY LOS$ with combined plant, coal at $2.00....cceccienvannnn
YEARLY SAVING with combined plant, coal at $3.00.ccc.ccccennnsn

21

$2,500 50

3,298 46
$5,888 06
1,649 23
$7,538 19

$7,600 0o

4,400 00

9,300 00
1,400 00

$22,700 00

$3,405 0o
2,660 85

$6,065 85
1,330 40

The estimates for the larger plant show a very decided economy
in favor of the combined plant.  But for the small plant just
given, the comparatively large cost of the accumulators and the
fact that the engines cannot work at their most economical load
neutralize any gains that might otherwise be made, and the com-

bined plant shows practically no economy over the steam. For
a little larger plant,—large enough to use half steam and half
storage without making the generating units too small,—say one
running ordinarily 13 cars, with a maximum of 16,—for such a

*Other operating expenses the same for each.




22 The Wisconsin Engineer.

station a combined plant would show a yearly saving of $300 to
$1,000, depending on the price of coal.

Either of these combined plants would give just as reliable
service as the all steam plant, and practically perfect speed regu-
Jation. For the safety of the station they would be preferable, as
the batteries would relieve the engines of any sudden shocks and
practically make fly-wheel accidents impossible. '

Storage battery sub-stations would also be economical auxili-
aries in some cases. It frequently happens that the power station,
for various reasons, must be placed a long distance from the elec-
trical center of the system, thus making necessary a large outlay
in copper for feeding districts where traffic is exceptionally heavy.
There are undoubtedly cases of this kind where a storage battery
sub-station could be put in for the cost of the copper it would
save, and greatly improve the operation of the line. This case
might also arise on a long suburban line where the traffic is heavy.

The ccnclusions to be drawn are:

First—In constructing medium sized new plants or remodel-
ing and enlarging old ones, whenever more than 15 cars are to be
provided for it would probably be economy to put in about half
the power in accumulators. There would probably be no econ-
omy in placing storage batteries in large stations where the load
is practically constant, and the engines are enabled to work at an
economical point.

Second.—A storage battery plant in a station operating 30 cars
would pay for itself in coal savings in 10 years where coal is $3,
and in 16 years where coal is $z2.

Third.—Many small plants could be satisfactorily driven from
available water powers, by installing storage batteries to serve as
regulators. In many cases they could store up and make avail-
able power which would otherwise be wasted while the cars were
idle.

Fourth.—In feeding long lines, or distant traffic centers where
it is difficult to maintain the pressure, storage battery sub-stations
would in many cases prove economical.

Fifth—The present cost of accumulators is one of the greatest
hindrances to their more extended use.
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THE THEORY OF ENERGY IN HYDRAULICS.

By L. M. HOSKINS, ’83; M. S. '85; C. E. '87.

Professor of Theoretical and Applied Mechanics, Leland Stanford, Jr., University.

In text books on theoretical mechanics the theorv of energy
usually receives inadequate treatment. As a rule, little attempt
is made to develop the theory logically from fundamental princi-
ples and definitions, while inconsistencies in the use of terms are
often found which cannot fail to be confusing to the student. A
like confusion is found in many works on applied mechanics, in
the application of the theory of energy to practical problems. A
reform in this matter is highly desirable in the interest of stu-
dents, and is well worthy the attention of writers of text books.
The following discussion is directed, not to the general subject
here suggested, but to the application of the theory of energy in
the single department of hydraulics.

The usual analysis of the transformations of energy in the flow
of water is often perplexing to the student, since it seems to re-
quire an important departure from the conception of energy as
applied in the mechanics of solid bodies.  Writers commonly
recognize in addition to potential and kinetic energy, a third
form called pressure energy. Thus, in case of a stream of water
in a condition of steady flow, any particle of water is said to
possess energy by virtue of its mass and velocity (kinetic), by vir-
tue of its weight and height above a horizontal reference plane
(potential), and by virtue of the pressure to which it is subjected
(pressure energy). ' As the particle moves with the stream, its
velocity or its elevation may change, involving a loss or gain of
its kinetic or potential energy; if the pressure also changes there
is a gain or loss of the third kind of energy.

Consider the simple case of water flowing from a reservoir
through a pipe, whose cross-section and elevation may be variable,
and discharging into the air. To simplify the discussion, let it
be assumed at first that there is no loss of energy by dissipation
into heat, due to friction, impact among particles, or other cause,
and that the velocity is the same at all points of any given cross-
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section.  On this assumption it is well known that the following
equation is satisfied:

z + 5{% gé—: =M —@otigtaiiteven wom v b (1).
in which #, p, and 2 denote the velocity, pressure per unit area,
and height above an assumed horizontal datum plane, of the par-
ticles in any cross-section; and ¢ is the weight of unit volume
of the water.

Let the equation be multiplied through by W, which is taken

to represent the weight of any particle of the water, giving

Wz + W (;—’)4- \%} — WH = Const.

Of the three terms in the first member of this equation, two rep-
resent energy; Wz is the potential energy of the particle due to its
Wye |
Bg 1S
its kinetic energy. The remaining term — 15 commonly said
to represent the energy possessed by the particle in the form of
pressure; and the equation is interpreted as equivalent to the
proposition that the total energy of any particle of water remains
constant during the flow. Thus if B and C are any two successive
cross-sections, and if the area of cross-section is greater at C than
at B, while the elevation of the pipe decreases from B to C, the
kinetic energy and the potential energy of the particle both de-
crease as it passes from B to C; but since the pressure must in-
crease correspondingly in accordance with the above equation,
it is said that the particle gains as much pressure-energy as it
loses of the other two forces.

A careful analysis shows that this is an erroneous use of the
term energy, if the word is to retain its ordinary meaning. A
body possesses energy when its conditon is such that it can do
work against external forces. This is the accepted meaning of
the term, and to this use it should be confined. Now it seems
clear that a body of incompressible fluid cannot do work simply

weight and elevation above the assumed datum, and

by virtue of being under pressure. If water were perfectly incom-
pressible, a volume of it confined in a cylinder by means of a
piston could be subjected to a pressure of any intensity whatever
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without the performance of any work upon it. And conversely,
it could do no work on the piston when the pressure was released.*

The term %TP cannot therefore properly be considered as
representing the energy of the particle of water in question, and
it is not true that the total energy of a particle remains constant
during the flow. The total energy of a particle is in fact given

by the sum of the two terms Wz and %::, and what the gen-
eral equation states is that as a particle loses energy its pressure
increases correspondingly. If the whole body of water is con-
sidered, its total energy remains constant unless it is imparted to
some external body or system; but there is a continual inter-
change of energy among the individual particles.

A stream of water confined in a pipe acts as a transmitter of
energy, just as a belt transmits energy from one pulley to an-
other; and the pressure at any point in the stream shows the rate
at which energy is transmitted by the particles at that point, just
as the energy transmitted by a belt is proportional to the tension it

sustains. To make the statement definite, it may be said that

the term \l:— in the general equation means the energy trans-

mitted (by pressure) across the given section per unit weight
of water discharge.

Thus, let ¢ denote the cross-sectional area of the pipe at a
point where the pressure is p and the velocity v, and let the two
portions of the fluid separated by the section be designated as X
and Y. The total force exerted by X upon Y, and the equal
and opposite force exerted by Y upon X, are each equal to p a;
and the work done per second by one of these forces and against
the other is p @ v, which therefore denotes the amount of energy
transmitted from X to Y per second. The weight of water dis-

P pav

s . D _pav, . .
charge per second is @ a ». Hence, since e B

readily seen that —‘I‘% has the meaning stated.

To summarize, every particle of water is concerned in the
transmission of energy in two ways:

(a) Tt possesses a definite quantity of energy (potential and
kinetic) which it carries with it as it crosses any given sectiomn.

*This statement is practically true even considering the actual compressibility of
water. The work performed on a cubic foot of water in applying a pressure of 10
atmospheres would be less than 5 foot-pounds.
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This energy (per unit weight of the water) is represented by the-

terms z + %}_’

(b) It receives energy from some adjacent particles and trans-
mits it to others, by virtue of the pressure to which it is subjected.
The energy thus transmitted across any section (per unit weight

of water discharged) is represented by the term ‘%
The sum ;—g ?\, may now be interpreted as a whole.

From the above analysis it is evident that it means the total en-
ergy carried across the given section per unit weight of water-
discharged. And the general equation (1) may therefore be in--
terpreted as meaning that:

During any time, equal quantities of energy are carried across
all cross-sections of the stream.

If losses of energy by dissipation, due to friction and similar-
causes, be considered, the general equation of flow is

in which the subscripts (1) and (2) refer to any two sections, and
H (called lost head) means the energy dissipated between the two
sections per unit weight of water discharged. Interpreting as

2
above the quantity (Zl o % + %’E) denotes the energy car-

ried across the section (1) per unit weight of water discharged,
while ( z. +R; A %5) denotes the like quantity for the sec-
tion (2). In this ca;e, therefore, the quantities of energy carried
across different sections are unequal; the quantities carried across
any two scctions differing by the amount of the energy dissipated
between.

The same principles are applicable in any case of steady (ow
of an incompressible fluid. No further analysis is needed for the
purposes of the present discussion, whose object has been, first,
to point out the error involved in the ordinary use of the term
pressure-energy, and second, to indicate the correct method of
applying the theory of energy in the ordinary problems of hy-
draulics.
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ROADS OF WISCONSIN.
G. H. BURGESS, '95, A¥D [. J. MONAIIAN, "o5.”

Within the past four years, the question of good roads and how
to obtain them has been brought into great prominence in Wis-
consin as well as elsewhere. But while there has been a great
deal of talking and thinking no important steps in the way of
legislation have been taken, and as a consequence no work of
importance has been accomplished other than that of bringing the
people to a realization of the miserable condition of most of our
country roads.

The road laws of 1893 in Wisconsin provide that the roads in
any.town shall be under the full supervision of the town board,.
and said town board may make and repair such roads by contract
and appoint a competent superintendent of roads. The town
board may procure machinery and materials; hire laborers and
teams; and purchase gravel pits and stone quarries. All road
taxes are to be paid in money except in townships which specific-
ally vote to retain the labor system. The provisions in the above
laws are steps in the right direction, but the road tax should be
required to be paid in money and not made optional to the vote
of the people. Again, the law should make some provision for
the construction of more durable roads than are in use at pres-
ent in the state. Some of the provisions of the New York law
might be very advisable here.  This law provides for county
roads to be designated by the boards of supervisors and allows
each county to issue twenty year bonds to pay the cost of con-
struction and maintenance of such roads. In New Jersey they
have what is known as the “State Aid Law,” and under this law
have been built roads which are not surpassed by those of any
state in the union. Their law provides that, upon petition of two-
thirds of the owners of property abutting on a given road, if the
road be not less than one mile in length, the county board shall
see that such road be improved by constructing a suitable stone

*Extract from thesis submitted for the degree of B. S. in Civil Engineering, June,.

1895.
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road; provided, the said property owners express their willing-
ness to pay an assessment of one-tenth of the cost of such im-
provement in proportion to the benefits derived. The whole
amount of such improvements in any county in one year is not
to exceed one-half of one per cent. of the ratables for the pre-
ceding vear. The state agrees to pay one-third of the cost of
roads constructed under this act out of the state treasury. The
portion of the cost remaining after the property owners and the
state have paid their shares is to be paid by the county in which
such road is built.  Such a law in Wisconsin would require a con-
stitutional amendment as the constitution provides that the state
shall contract no debts for internal improvements. This law
would be very acceptable in the more thickly settled portions of
the state.

That good macadam can be built for from three to four thou-
sand dollars a mile has been ably demonstrated in New Jersey.
Putting it at the higher figure, assume that a man owns land hav-
mg a frontage on the road of half a mile; then if he is to pay
his share of 10 per cent. he would pay one-fourth of 10 per cent.
of $4,000, or one hundred dollars, for the construction of a ma-
cadamized road which would greatly increase the value of his
property, lessen the cost of transporting his produce to market,
and thus return his $100 several times over. In the New York
highway manual for 18g3, it is estimated that the difference be-
tween good roads and bad ones is $1.25 per acre annually on all
farm lands in that state. Using this as a basis and assuming that
the property is a quarter section or 160 acres, then in a single
vear the amount saved to the farmer would be $200 or double
the amount paid for the improvement.

The property directly benefited by the improvement might be
assessed a greater amount than 10 per cent. of the cost of the
road and five or ten years be given in which to make the pay-
ments in equal annual installments, paying a suitable rate of in-
terest on the amount unpaid each year. This would work no
hardship on any property owner and would make it possible for
‘many persons to stand an assessment who would be otherwise
unable to do so. A highway commission should be appointed in

this state similar to the one in Massachusetts, whose duties should
be to bring the subject of improved roads before the people by
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holding meetings in the different parts of the state, and to over-
see the construction of new roads.

Repairing roads by working out the road tax has resulted in
more harm to the highways in the state than would have been
done by vyears of traffic, and the sooner this system is abolished
the better will it be for the highways. The farmers look forward
to the spring road repairing as they would to a picnic, and the
laziest hired man and the poorest team and wagon are sent to
work out the tax. The wages for team and driver are $3.50 per
day, while the same work could be done by contract for $2.00.
The road is picked a little here, scraped there, and left in as bad
condition when the work is finished as it was before the work was
begun. The road taxes should be paid in money and the money
should be placed in the hands of a road committee whose duties
should be to see that such moneys are expended in the most ad-
vantageous manner possible. The men constituting such a com-
mittee should not be selected according to their political procliv-
ities, but should be chosen with reference to their ability, and
should receive a salary sufficient. to induce competent men to
undertake the work.

Each town should provide itself with a road-making outfit, and
where such an outfit is properly used the very best dirt roads may
be maintained at a very much less cost than at present under the
old system. An outfit consisting of a grader, a four-ton roller,
some scrapers and a plow can be purchased for about $600. A
grader will grade from three-quarters of a mile to a mile of road
per day, with three teams and two men, at a cost of about $15
per day, including the interest on the price of the machine. In
the old way, to finish the same amount of work, would require
two teams and forty men, at a cost of $55 per day; showing a
saving by the use of the grader of $40 per day, with better roads
as a result. If a roller is also used the cost will be increased $25
or $30, but still there is a great saving.

If, now, after purchasing a road outfit, the ordinary repairs be
made each year at this greatly reduced cost, and with the money
remaining after the work is finished as much substantial broken
stone road as is possible be constructed, in a few years the roads
will be in the best possible shape and at the same time the old
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roads will be kept in a much better condition at no increased
outlay.

In constructing highways in this state, great care has been ex-
ercised to make the roads conform to the section lines as nearly
as possible, and to attain this end high hills have been mounted
in many cases where a detour of a few rods would have made a
difference of from fifty to one hundred feet of rise and fall. One
authority states that the distance may be increased fifteen times
the vertical height avoided and be economical. On macadamized
roads the limiting grade should be one in thirty, as on such a
grade a horse must put forth a pull just double that which he
would have to exert on a level grade.

The state of Wisconsin is quite plentifully supplied with good
materials for the construction of hard roads. In the undeveloped
northern part of the state are found granites which would make
an excellent material for constructing macadamized roads. A
few granite quarries have been developed in the east central por-
tions, as at Berlin, Montello, and a few other places, and this
granite could be crushed and shipped at no great cost to all parts
of the state. In the southern and eastern part of the state occur
great deposits of limestone, and most of this is suitable for mac-
adamizing roads.  Limestone will bind well, and form an im-
pervious road if properly constructed. Quartzite also occurs in
the southern and central part to a considerable extent. This
makes a good durable top dressing, although it does not bind
-as readily as limestone and is not suitable for steep grades. Gravel
is widely distributed throughout the state, especially in that geo-
logical area known as the drift area. It is generally mixed with
.a clay and is the best kind for road building purposes.

Over ninety per cent. of the roads in this state are common
dirt roads. When these are properly constructed and well drained
they answer the purpose very well during the greater part of the
year, and for cross roads having a light traffic they are the only
roads that it would be profitable to build.

The following table shows the amount of road tax paid during
the past five years in a few counties of the state, the amounts

having been furnjshed by the county clerks of the various coun-
ties:
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COUNTY. 1890. ‘ 1891. 1892. 1893. 1804.

BroWi cssswssmvmswmass suaasissess $13,600  $13.600 | $13,600 [ $13,000 | $13,600
Douglas .. 12,000 | 12,000 | 12,060 | 12,000 12,000
‘Juneau | 9,800 | 10,900 0,400 8,500 8,200
IMATIRELIE < vvmen vemmasrawmsssssmas | 8o000| 2000| 2500]| 6,600 6,600
Milwaukee coeeccccaecaceancnnnes | 56,000 | 56,000 | 56,000 56,000 | 56,000
‘Portages osssanatsnvessvessusoes| 12;400 [ 10,5005 X100 [ ©1;600 12,700
Rotl s cnssnesmmssiswines sssnsves| 405500 | 49,2000 28,000 | '48,300:( 43,700
Shawano . eeeee ceveecnces sacacnnn | (NN | 12,000 | 12,000 L,ooo | 3,375
Walworth. eeve ccacee cacnas ey ‘ 38,100 ‘ 35,400 | 37,900 | 33,100 | 34,400

The amounts which are the same through five years are an
-average for each year and are not the exact amounts. The total
“for the nine counties is $953,600 for the five years, or $190,700

per year. According to the census of 1890 these nine counties
represent a population of 439,000 or 5-19 of the total population
of the state. Figuring on the basis of population, the total road
tax per year would be $724,600. This would build 360 miles of
good macadam roads or even four hundred. But allowing two-
thirds of this amount to be expended in road repairs, even then
120 miles of hard roads could be constructed each year, At this
rate it would not be many years ere the roads of Wisconsin would
.be second to those of no other state in the union.

SUBWAYS FOR ELECTRIC WIRES.

W. C. BURTON, B. S., '93.

From thetitle it might be thought that we should here be in
“the province of the electrical engineer, but this is the case only
to a very remote degree. One who understands the building of
sewers is in a much better position to design conduits, than one
who has only more purely electrical knowledge. The principal
point which has, for the present at least, been firmly established
by the experience of the last fifteen years with underground wires,
is that the object of a subway system is to keep open and acces-
sible a hole, into and out of which wires may be drawn, but these
wires must carry their own insulation, with which the subway
proper has nothingto do. This will of necessity always be true
- of telephone and telegraph wires, butl time may prove that an
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insulating conduit may be made to carry railway and lighting
wires—there are in fact one or two such now on the market, but
ofthese, and of the various “built in” underground systems, like
the Edison tube, there is no space here to speak.

A subway system, in the sense here meant, consists of a con-
duit of one or more ducts and manholes at suitable points for
getting at it for the drawing in of cables, taking off services, and
other purposes.

The essential qualities of a good conduit are (1) smooth and
uniform interior surface, (2) durability, (3) strength—that is a
conduit which cannot be easily broken into by a laborer’s pick,
or cracked by uneven settling of the ground—(4) flexibility in
laying and bending to avoid obstructions in the street, (5) com-
pactness—that is, it should occupy small space externally, for its
capacity. The four types of conduit which are now in use, viz.,
iron pipe, cement lined sheet iron pipe, terra cotta tube, and wood
conduit, in all their various forms, have been so frequently de-
scribed that it is unnecessary here to more than mention them,
and to see how each fulfills those essential requirements.

The greatest merit of iron pipe, for this purpose, is its flexi-
bility—it can be bent in any desired curve to avoid an obstruc-
tion without in any way effecting the smoothness of the interior.
Then, too, it is strong and not easily broken into when the streets
are opened for any purpose, nor does it sag or crack if left ex-
posed by excavations for considerable distances. On the other
hand, it is expensive and of doubtful durability compared with
some of the other types; consequently it should not be used on
long, straight lines, particularly those consisting of large num-
bers of ducts, but it may frequently be used in connection with
one of the cheaper classes for those sections of the line where
obstructions are most numerous, or where it is necessary to ap-
proach very near the surface, thus requiring great strength.

Cement lined pipe is recommended. by its smoothness of bore,
even joints, and the ease with which it may be laid. I is the
best of all kinds:for drawing in and out cable, and is fairly dur-
able, but must always be protected from mechanical injury by
being imbedded in concrete. As regards flexibility it ranks very
lowrand can only be bent in a curve of very long radius. Its cost
is about one-half that of standard wrought iron pipe.
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Terra cotta, in one form or another, is much used for conduits
on accountof its cheapness and great durability. To protect it
from mechanical injury and hold it in position it must usually
be surrounded by concrete, but when so laid it is absolutely in-
destructible by any natural process. In its best forms the external
dimensions of the conduit-are less for a given capacity than with
any other type and it is fairly flexible, being made up in sections
of such short lengths that it may be laid casily around a curve
of twenty foot radius. The weakest point with this tvpe of con-
duit is the fact that the interior of the tube is apt to be rough,
and also, as it is necessarily in short sections (18” to 30” long)
and in the ordinary forms laid with a simple butt joint, cemented
over, the joints are numerous and the tube is apt to get out of
line, thus making the drawing of cables ditficult. Great care
should be taken in laying conduit of this type to have the align-
ment of the sections good, and to allow it to remain undisturbed
until the cement mortar has thoroughly set, before covering it
over.

Wood conduits, variously treated to prevent decay in the
ground, are cheap, quite strong, and smooth enough to make
cable drawing easy. Sometimes, however, chemicals used in the
wood-preserving compound have an injurious effect on the lead
of the cable cover.  Generally this type should only be used
where a temporary subway is required, although it has given good
satisfaction for a number of vears in some places, notably Phila-
delphia.

The principal requisites of a manhole are a good foundation
and sufficient size. The writer has seen a manhole (?) five feet
deep, made only 20”x24"” in size, from a mistaken idea of econ-
omy, with the result of making it necessary for a man who has
to do work on cables at the bottom, to be held by the feet, with
his head down in the hole—neither a comfortable position nor
one likely to enable him to do rapid or effective work. The man-
hole walls (of brick) should always rest on a bed of concrete at
least six inches thick, to prevent irregular settling and consequent
cracking, as well as to keep the hole dry. Whether a casting
having a single or double cover should be used for the top, de-
pends on local conditions. In places where large quantities of
mud and water are likely to get into the hole, an inner water-tight
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cover will save enough time of men who have to work in the
hole to more than pay for itself, and it will always give cleaner
manholes and a generally better appearing system, with a com-
paratively slight increase of cost. The double cover also makes
possible the locking up of holes, thus preventing any tampering
with the cables—frequently a great advantage.

Since we are, with any ordinary subway system, wholly de-
pendent upon the cables for insulation, the presence of water in
ducts or manholes does no harm so far as ordinary operation is
concerned. No conduit except one of iron pipe will entirely
prevent the entrance of water, and even in that type there will
always be water from condensation, so provision should always
be made, for draining the manholes where there are sewers low
enough to permit of connection being made. Manholes full of
water are very objectionable things on account of the time which
must be- spent in pumping them out whenever it is necessary to
get at the cables. There is a theory that the conduit should be
so laid as to drain toward the manholes at each end of a section,
but it is frequently a very difficult and expensive matter to main-
tain a grade thus in a street full of pipes, sewers, and other ob-
structions, and there is no real reason for doing so—a “trap”
filled with water between manholes is not at all a bad thing as a
preventative of the free diffusion of gas. In the streets of all our
large cities there are leaking gas mains, and it is absolutely im-
possible to build any ;underground structure into which the gas
cannot enter in places. There are two ways of avoiding the evils
resulting from this. First, the effective, but expensive, method
used/in New York, of pumping air into the subway and keeping
the pressure there above that in the surrounding soil, thus pre-
venting the entrance of gas, and second, by making connection
to pipes which are run up the sides of buildings or up poles, and
act as ventilating chimneys.

In laying conduit of course as nearly a straight line as possible
should be followed where there is nothing in the way. Where,
however, there are obstructions, bends in the line do little harm
and if not too numerous or of too short radius do not even make
the drawing in of cable appreciably more difficult. A small ca-
ble has been easily drawn through 200 feet of 2 pipe and around
two bends of go degrees with 18” radius, but of course that sort




«of thing would not do with
depth of the conduit below t
location of other pipesin the street, and ¢
upon in advance. A foot at least, however,
between bottom of pavement and top of conduit. ¥
of thickness of concrete around the ducts or the use of
better grade of cement are of much greater value in makmg a
good system than air-line alignment, grades allowing perfect
.drainage, or great depth.

If, in designing and building a subway, the real objects and
.essential requirements were kept in view, and no attempt were
made to give it qualities which are of no practical value, much
of the cost of underground electric wires would be done away

avith.




NEW DATA ON INCREASED ACCURACY OF STADIA
MEASUREMENTS.

LEONARD 8. SMITH, C. E., "go.
Assistant Professor of Topographical Engineering.

In a bulletin of the University of Wisconsin,® dated May, 1895,
the writer gave the data and conclusions of an experimental study
of field methods, which insures to stadia measurements greatiy
increased accuracy. This study made clear for the first time
the true cause of the large accumulative or systematic errors of
stadia mecasurements, which have so seriously impaired the use-
fulness of the stadia method. The main conclusion of this study

"Engineering Series, Vol. 1, No. 5.
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was that the errors in stadia measurements due to the “yibration
or boiling of the air” were necessarily compensatory, and hence
of only secondary importance; while the errors due to differential
refraction, if not recognized and properly eliminated in the inter-
val determination, would inevitably cause systematic errors.

The object of the present paper will be to give some new data
taken from the field records of actual survevs.

Briefly stated, systematic errors in stadia measurements are
due to the fact that the two lines of sight constituting a stadia
reading, traverse strata of different density and are consequently
refracted unequal amounts and sometimes even in opposite di-
rections,  This differential refraction is exceedingly irregular,
differing in amounts and direction at different hours of the same
day, and even at the same hour of different days.*

As this important fact has never been recognized, it has been
the universal custom in determining the wire interval of the
transit, to take rod readings on a base line at some particalar
hour of the day, thus making it almost certain that the wire in-
terval so obtained would not be the average or true interval, to
be used for every hour of every day.

Again, while many topographers recognize that the hour of
their interval determination has some relation to the resulting ac-
curacy of the work, no two seem to agree as to what hour is the
proper one. Obviously the best time for determining the wire
interval is that during which the refraction will most nearly equal
its average value during the field hours, but on account of the
irregularity of refraction, it is extremely doubtful if a single
hour of the day can be selected, with any degree of certainty,
that it shall represent average conditions of field work.

Instead, all uncertainty would be removed if a number of in-
terval determinations were made at different hours and on differ-
ent days, the average of which would assuredly represent a close
approximation to the average conditions.

By following this method the writer has found no difficulty in
securing a uniform accuracy of 1-2000 on short lines (one and
one-half miles), and by the elimination of systematic error, a
gradually decreasing error with increasing length of line, until

1A full discussion of the causes and conditions governing this peculiar phenomenon

may be found in the bulletin.
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at the end of eighteen miles of measurements, the accumulated
error was but 1 in 10,000 (see page 138 of bulletin, Vol. I, No.5).

A very interesting illustration of differential refraction on a
large scale (which in fact is the only illustration the writer has
ever seen on the subject outside of his own experiments) has re-
cently been brought to his attention. This is found in appendix
3, Vol. IT., of Colonel Walker’s final report of the Great Trigo-
nometrical Survey of India.  Because of the inaccessibility of
this report, the main facts on this point are here given.

The engineers were operating in a very level country, where
the rays of light from the stations under observation grazed the
surface of the ground. The differential refraction was first no-
ticed between two stations, called Nar and Jeto, the former being
on a slightly elevated table land between two river valleys, the
latter being thirteen miles distant in the valley bottom. It was
feared that the ordinary heliotrope would not be visible, so a
second heliotrope was mounted on a tripod about sixteen feet
vertically above the ordinary heliotrope.

Colonel Walker says, “The line between the instrument at
Nér and the ordinary heliotrope at Jeto was not an air line at
all, but passed through the ground for a distance of more than
three miles, while the line between the instrument and the upper
heliotrope could not have been more ‘than 5.3 feet above the
ground at the point of nearest approach. At Jeto both the aux-
iliary and the ordinary 'heliotropes were generally visible for
about an hour after sunrise and before sunset, but in the middle
of the day the lower cne was always invisible, being below the
apparent horizon. Here I noticed with surprise, one evening,
that the two heliotropes were apparently. very much closer to-
gether than it was possible they could be in reality; measuring
the angle subtended I found it to be only 16.5 seconds, whersas
the true subtense was 49.5 seconds.  Three days afterwards in
the morning, about an hour after sunrise, I found the apparent
subtense to be as much as g7.7 seconds; thus its magnitude had
varied from one-third to twice that of the true subtense, attain-
ing a maximum value six times greater than its minimum value.
This clearly showed that the amounts by which the rays of light
proceeding from the two heliotropes were respectively affected
by refraction must have varied materially at different hours of
the day; the observations were only differential and did not give
the absolute values of refraction, bur it 'seems highly probable
that the lower ray was very much more refracted than the upper
in the evening and very much less in the morning.”
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This remarkable phenomenon led to a systematic study of
both absolute and differential refraction, the details of which are
given in the volume mentioned.

It will be sufficient to state that numerous instances of nega-
tive as well as positive refraction were found, ranging between
the extreme values of —0.09 and +1.21 of the contained arc
Negative refraction was met with only between the hours of 1
to 3:30 p. m., and positive refraction between '3:30 p. m. and
10a. m. After 10 a. m. signals were generally below the hori-
zon so no ‘observations were possible.

In the case of observations on dlfferenhal refraction, it was
found “that the refraction was sometimes greater in the upper
ray and sometimes in the lower, but that the range from lowest
to highest value at each station was always greater for the lower
than for the higher ray.

“Between the hours of 1 and 3:30 p. m:, whenever the sun
was shining brightly, the apparent subtense was greater than the
true and the refraction was lower in the lower ray than in the
upper; but at the same time in cloudy weather the converse oc-
casionally happened. On the other hand, between 3:30 p. m.
and sunset the apparent subtense was always less than the true,
and the refraction was higher in the lower ray than in the upper.
These variations in subtense were evidently due to the co-exist-
ence of a lowering refractive power in the strata of the atmos-
phere nearest the ground with a raising refractive power in the
strata immediately above, during the hours when the radiation
of the heat of the sun from the ground was considerable, and to
the converse condition of a greater raising power in the lower
than in the upper strata when there was little or no radiation and
consequently greater density in the lower than in the upper strata
of the atmosphere.”

The application of the abcve record to the subject of stadia
measurements is easy to see, and it will be noted that the explana-
tion given is essentially the same as that advanced by the writer,
based upon observed stadia readings at different hours of the
day. The only difference in the data is the relatively long dis-
tance of the sight from Nér to Jeto, it being thirteen miles instead
of the few hundred feet which necessarily limit the length of a
stadia reading. But even on so short a stadia sight as 1,000 feet,
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the writer has seen the rod intercept change by o0.19 of a foot
(equals 4c seconds of arc) during different hours of the same
day. Such large differences in rod readings can be understood
when it is noted that if in the first case (see Fig. 1) the upper line

1P
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F1G, 1.— Differential refraction causing too large rod readinge.

of sight be refracted negatively more than the lower, or if the
upper line of sight be refracted negatively and the lower line of
sight positively, then the .observed intercept @’ »’ will be larger
than the true intercept ¢ b. Again, if, as in Fig. 2, the upper line of
sight be refracted upward (positively) and the lower line of sight
downward (negatively), the observed intercept ¢ @’ will be
smaller than the true intercept ¢ d. It will be seen that the dif-
ference in the observed rod readings, namely, o' B»'—c’ d’, is
about four times as large as any single refraction. Hence a
small absclute refraction may be the cause of a large differential
refraction. ‘

A good illustration of this fact was recently sent the writer by
one of the topographers of the Chicago Drainage Canal. The
topographer was taking a stadia reading over a rise of ground,
when he noticed that, in reading from the top ‘of the rod dowhn-
ward the distance read was 723 feet, while in reading from.a
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point near the ground upward the distance was shortened to 715
feet. For the reasons given above the former reading was more
likely correct, though the manner in which the stadia interval
was determined has a governing influence on this point.

4

F1a, 2,— Ditferential refraction causing too small rod readings.

If in determining the stadia interval, the transit be centered
a distance f + ¢ back of the zero of base line (see Fig. 1), the angle
formed by the upper and lower line of sight, constituting the
stadia reading, will have its apex directly above the zero of the
base line. Now, if it were not for the influence of differential
refraction, the intercept on the stadia rod held at any point on
the base line, ought to be proportional to the distance from the
rod to the zero of base line. In other words, if we substitute in
the usual stadia formula, D=KS, the several rod readings S,
S, S, etc., and also the corresponding exactly determined base
line distances to the rod D,, D,, D, etc, we will have an
equal number of observation equations containing only one un-
known quantity, namely, K, the stadia interval, and solving for
K we should expect a series of values affected only by accidental
errors. So much for theory. When put in practice this method
almost invariably gives a series of values of K, differing system-
atically from each other, the best possible proof of the existence
of differential refraction. Obviously this disturbing agency is
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the factor which determines the accuracy of stadia measurements..

The graphical method is well adapted for bringing out more
clearly this point. If a curve be constructed, whose abscissae are
the lengths of sight [varying from 8o meters to 400 meters], as
determired by the base line measurements, and whose ordi-
nates are the corresponding values of K, as ‘determined above,
such a curve should be theoretically a straight line parallel to
the axis of X.? Instead, with rare exception, it is found to be
a line cutting the axis of X.

Through the courtesy of the U. S. Commissioners of the In-
ternational Boundary Survey, the writer has recently come into
possession of the entire field records of twenty-four interval de-
terminations made on that survey. These intervals, made with
unusual care, cover about two years, and were made under con-
ditions involving nearly every variety of climate, time of day, and
seasom, soil, vegetation, etc. A few of the typical curves of these
intervals will now be given. ‘

Fig. 3 represents two stadia interval determinations made at
Nache Vera Valley, California, during consecutive days and on:
the same base line with same instruments, rod and observers.
One interval was taken during the hours 6—%:30 a. m., the
other from 4—j5:30 p. m.  Unfortunately the notes do not re-
cord which was morning and which afternoon, but the full line
curve closely resembles the normal afternoon curve.

The first thing to note is that neither line is parallel to axis of
X. Note also that the average ordinate [106.76] in curve (a),
namely, the average value of K, differs from that of curve (b)
[106.55] by 1-500. The interval used until this time was 106.98,
which differs from (a) by 1-486 and from (b) by 1-250. The
writer believes this to be a very unusual disagreement, and one .
explained by the position of base line, which lay along a small
valley with trees so distributed that the line of sight traversed
alternate strips of sun and shade, the former largely predominat-
ing. An abnormal refraction resulted, causing both determina-
tions to differ widely from the average of several previous ones.

The extremes in temperature at this place in early morning
and afterncon were very pronounced. Ice would nearly form

1The records of twenty-four such interval determinations show but one case in

which the curve was even approximately parallel to axis of X.
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Fic. 3.— Showing the interval determinations of Brandis Transit 1586 July 8 and 9, 1893
Nache Vera Valley, Cal.
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Law, X — length of sights in meters.
Y — the corregponding interval,
in morning, while during the afternoon the temperature ‘would
rise to 98 degrees Fah. The result of such a marked difference
in conditions explains the large difference in the resulting inter-
vals. The fact that the choice of an improperly located base line
could cause so large an accumulative error as 1-486, would seem
to justify more care in such selection than topographers have
been accustomed to think necessary.

The point that should not be lost sight of in selecting the base
line is, that its condition of soil, vegetation, etc., shall not differ
widely from the corresponding conditions expected in the field.

In a fcrmer paper the writer called attention to the necessity
of testing for a change of interval with a decided change in sea-
son. This point is emphasized by figure 4.  Curves (a) and
(b) represent respectively the interval determinations of March
20 and July 10, 1893, of Brandis’ transit No. 1573, made at
same morning hour. It will be seen that both curves are par-
allel to axis of X for a considerable distance, but on sights
greater than 200 meters the platted ordinates [values of K] differ
widely and systematically as is seen by the rapidly diverging
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curves.  The average value of the ordinates in curve (a) is
106.85 while that of curve (b) is 106.53. That is if the former
value represented the average conditions of winter, and the lat-
ter; of summer, a systematic error of 1-333 would be made in all
stadia measurements executed during the summer by continuing
the use of the winter value of K instead of its actual or true value

at such time.

F16. 4.— Showing the effect of season upon value of intervals,
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In view of this proof of the inevitable change in the value of
the interval, the common practice of painting a rod to correspond
with the stadia interval of a certain hour and day, and then con-
tinuing the use of such rod unchecked and unchanged during
the widely different seasons of this country,—oftentimes in fact
for many years at a time, is seen to be inviting the large sys-
tematic error which almost without exception characterizes such
work. If this evidence be taken to prove the fact that even so-
called fixed stadia wires actually change their relative position,
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or what amounts to the same thing, appear to change on ac-
count of the influence of differential refraction at different sea-
sons, then the present method of painting the rod to correspond
with the determined interval is objectionable because of the cost
of regraduating and repainting the rod to correspond to such
change in interval. A method entirely free from this objection
of cost, and one which the writer has found to stand every test
during several years of field use, is that which uses rods divided
into true units of feet, yards, or meters, and employs an interval
factor in the computation of distances. With this system a
change in the interval simply means the loss of an hour’s time
in the preparation of a new table for reduced or true distances
corresponding to any rod reading.

In addition to the disadvantage of the present system of paint-
ing the rods pointed out above, the following are -also worthy of
consideration:

2. Rods cannot be interchanged among transits.

3. Old rods cannot be used with new transits.

4. Rods cannot be used in levelling without computing the
necessary correction.

5. Levelling rods cannot be used in stadia work.

6. Observers with different personal equations cannot use
the same rod without causing an accumulative error.

Few experienced topographers will deny the fact that many ch-
servers have a decided personal equation in reading a stadia rod.
The more experienced the observer the more pronounced the per-
sonal equation. It seems to be due to a bias of judgment in
making the bisections and in estimating the position of center of
stadia wire. The following fact will illustrate this point: On
the International Boundary Survey each transitman was in-
structed to otserve the interval of his transit in conjunction
with one other engineer*  An examination of the field notes
discovers that some engineers had the same personal equation,
while others differed quite radically, as is seen in following table
of the first four interval determinations of Brandis transit No. 1584.

* In computing the average or working interval on this survey double weight was
given to the observer who used the transit. Doubling the number of observers
doubled the time necessary for the determination without any compensatory gain in
accuracy. For this reason a single observer is preferable.
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Brandis Transit, 1584.

Interval determined by
Number of
Date. Transit.
Smith. Van Ornum.
April 11.. 104.61 104.57 B. No. 1584,
April B8 i mievinnnssiesssnias s v e 104.82 104.61 B. No. 1584.
Rl PO svar e R e 104.83 104.63 B. No. 1584,
Dy ol RS R S R 104.51 104.41 B. No. 1584,
ARSLALE: ¢ avse s e R e 104.69 104.55 Difference = 1-750.

"I'his transit measured the boundary line from El Paso to the
Colorado river. Opposite each date will be found the separate
interval determined by each of the two observers. It will be
seen that all of Mr. Van Ornum’s determinations of K are, with-
out exception, smaller than the writer’s, and that the average dis-
crepancy would cause an accumulative error in measuring 1,040
ft. of 1.4 it. or of 1 in 750. The size of this error, though seri-
ous enough, is not so objectionable as the fact that from its na-
ture it must be systematic. The custom® of having the chief of
party determine the working value of the interval, while his as-
sistants do the observing, is thus seen to be wrong in both theory
and practice.  The better way would be to let the user of the
transit determine the stadia interval himself, or if several en-
gineers were using the same instrument let each determine his
own interval.

An example of 'the case of two observers with very much
smaller difference in personal equations is seen in the following
table? taken from records same survey:

1 In the recent survey of St. Louis the interval was determined by the assistant
Iingineer in charge, which his several assistants shared with him the field measure-
ments.

The engineer in charge of the St. Louis survey states that, ‘There was a higher

- degree of accuracy noliced in the stadia work of the engineer who determined the
wire interval;” also, that, ““A uniform difference in the accuracy of work done hy the
several observers, was shown by the computation of the co-ordinates of stadia stations,
thus indicating a different personal equation for each observer.”

2 The writer has not sifted out just the cases to prove this point, but in each case

has given e// the data available.




Tests of Cream Separators. 47

|
| INTERVAL DETERMINED.
. | Number
Date. Locality. | o
| By By Transit.,
| Smith. Cunningham
|—

Taly 285108 e sesi i Lang’s ranch N. M..... i 104.62 104.57 B. No. 1586.
January 18,'93.......... Yuma, Arizona,........ | 97.59 97.50 B. No. 1097,
January 19,793.......... Yuma, Arizona......... ' 104,53 104.47 B. No. 1584.
January 20,793.......... Yuma, Arizona......... 106.88 106.77 B. No. 1573.

BVRERBE. oo v inovn v s a8 AT i ‘ 103.40 103,34 Dif. —=1-1722

In this case as in the one given above, the difference hetween
the ‘observed intervals is seen to have a constant sign, namely,
each of Mr. Cunningham’s values are less than the writet’s,
‘though the difference is small, being 1 in 1722.

The'writer is aware that some experienced topographers will
refuse to follow his suggestions, for the reason that in their opin-
‘ion stadia measurements are sufficiently accurate already. For
many purposes (this is doubtless true, but these engineers cer-
tainly do fail to see the widening field of usefulness that wouid
properly belong to the stadia method, whentonce its accumulative
errors had been brought within proper limits. A large amount
of expensive control now rendered\indispensable by present care-
less methods could be advantageously omitted as unnecessary.
It is no longer a question of a doubtful theory. Actual surveys
have repeatedly demonstrated that not only in broken country
is the stadia method a more accurate and a more expeditious way
of making measurements than the chain, but in a level country
as well.

POWER TESTS OF CENTRIFUGAL CREAM SEP-
ARATORS.

A. W. RICHTER, M. E., ’8g.
Assistant Professor of Experimental Engineering, University of Wisconsin.
During the past two years a series of tests have been made

to determine the power required for running the different kinds
- of centrifugal cream separators. In these trials, machines have
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been managed and tests of skim milks made by representatives
of the University, instructions of the manufacturers regarding the
running of the different machines being strictly adhered to.

~nlip -G =

F1G. 1.—Testing a Separator of 2,000 pounds capacy.
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Whenever agents representing different companies were pres-
ent during the (test thev have been allowed to make necessary
changes in their machines and invited to run them themselves,
which privilege has in some cases been accepted; the observa-
tions, however, have in all cases been made by persons directly
-«connected with the University.

The skim milk tests given have heen made by the Babeock
test.  All of the machines were carefully lined up hefore the tests
were made, and all instruments used were calibrated in the me-
-chanical laboratory of the University both before and after ithe
tests were made.

The machines tested are given in the following tables:

Vermont Farim Machine Co., Beliows Falls, Vermont.

1| United States, No.1 B | 2,000 lbs. rated capacity.......... | Belt machine.
2 | United States, No. 3.. ! 650 1bs, rated eapacity.... ....... | Belt and hand machine.
3 | United States. No.5.. { 300 lbs. rated capacity........... | Belt and hand machine,

De Laval Separator Co., Poughkeepsie, N, Y.

4 | Alpha, No. 1........... 2,000 lbs. rated capacity.. Belt Machine.

5| Alpha, No.1........... 2,000 lbs, rated capacity ... Turbine.

6 | Alpha, No. 1........... | Run at a capacity of 2,500 1bs. Turbine.

7 | Alpha, No, 1........... | Run at a capacity of 1,700 lbs.... | Turbine.

8 l Alpha Acme........... 1,300 lbs. eapacity..... Belt machine,

9 | Standard...........,.. | 1,000 lbs. capacity.. Belt machine.
10 | Baby No.2............ 300 lbs. capacity.................. | Belt and hand machine.

Swedish Cream & Butter Separator Co., Bainbridge, N, Y.

11 | Butter accumulator.. | 800 1bs. rated eapacity, run as a ‘ ) .
SPATALO v v s bru e Belt machine.

12 | Butter accumulator.. | 400 lbs, rated cd[)d.clf\ run as a .
butter extractor. ... | Belt machine,

P. M. Sharples Co., Elgin, Il

13 [ Standard Russian.... | 1,000 to 1,200 rated capacity...... \ Turbine.
14 | Standard Russian.... | 1,000 to 1,200 rated capacity, run
ata capacm of 1,400 to 1,500 [ "
Lo ... | Turbine.
15 | Imperial Russian...... 12,000 1bs, rated eapacity.......... Turbine,

A, I, Reid & Co., Philadelphia.

16 | Reid Improved Sep- o ® U ’
L:\(rutor 1 ............. 2,000 to 3,000 1bs. rated capacity. | Belt machine,
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METHOD OF TESTING.

Belt Machine.

The power required to lrun the different belt
machines was obtained by means of Morin dynamometers, as it
was necessary to secure a continuous record lin order to obtain
accurate results,  Power was furnished by a twenty-five horse
power Reynolds-Corliss engine.  The engine being lat times
greatly underloaded, the variations in the speed of the engine,

AU AN VTN N T

Fra. 2.—Card, Reid Improved Danish Separator,

A 7o N ) \,"\ﬁ\
WW “MW/ /WM\"V\N

Fia. 3.—Card, Reid Improved Danish Separator,

AN s NN e AN SN A IR

Fi6. 4.—Standard De Laval; engine loaded to about one-half of its greatest capacity
Horse power per card, 1.619.

Fra. 5.—Standard De Laval: engine loaded to one-cichth of its greatest capacity.
Horse power per card, 1,614,

a B

Fia. 6.—Card, Alpha Acme; engine decidedly underloaded.

AN N AN AN A

T1a. 7.—Card, Alpha, Acme; engine loaded to one-half its rated power.
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although slight, caused considerable variation'in the power trans-
mitted to the separator, as is shown in Figs. 5 and 6. The shape
of the curve shows that the average power required is not the
mean of the A and C readings, but rather above such an average;
for example, the average of the A and C readings, Fig. 6, is 8 per
cent. less than that corresponding to the power actually required
as obtained from a continuous record,

The power required to start the different machines was deter-
mined, as was also the effect produced when starting the flow of
milk. In each of the above cases a continuous record was oh-
tained. The De Laval Separator Co,(the Sharples Separator Co.,
and the Reid Improved Danish Separator Co. direct that their
machines be filled with water ormilk before starting. In mak-
ing the tests, we have, before starting, put a quantity of water or
milk intolthe bowl of the machine equal to the amount remain-
ing when shutting down after skimming, this being the maximum
amount desired, thus placing the machine in a conditionito give
the maximum amount of power required. Four persons were
required to take the necessary data for the tests: one to take the
separator revolutions, another to note the time, a third to shift
the belt from the loose to the tight pulley of the intermediate, and
a fourth to take the dynamometer card and dynamometer revolu-
tions,  The separator was considered as having acquired full
speed the instant the power required to run the machine re-
sponded to the variation ofithe engine speed, the time bheing
checked by actual count at the separator.  Before the starting
tests were made, the machines were run for a short time to de-
termine whether the oil passages, etc., were in good condition.

Before making the regular skimming tests the machine was
operated a few minutes after the milk was started in order that
it might first reach its normal condition.  Dynamometer cards
and all other observations were taken at five minute intervals.
Average ordinates were obtained by the use of a planimeter.

Fig. 1 shows the general arrangement of the apparatus when
testing the larger power machines. In this case it was necessary
to add a countershaft in order to sufficiently reduce the speed of
the dyvnamometer-  When testing a small machine as a power
machine no countershaft was required.




it
Lo

The Wisconsin Fngineer.

Steam Separators.—The steam separators were tested ( under
similar conditions as those existing while testing the belt ma-
chines. Great care was taken so‘as not to change the conditions
in any respect whatever. In all tests of this kind the exhaust
steam was condensed in a surface condenser of the Wheeler type.
All readings were taken at five minute intervals. Steam gauges
and other instruments were compared with proper standards in
the mechanical laboratory of the University.

Fig. 8 shows the arrangement of the apparatus used in test-
ing the De Laval Alpha Turbine. A is a surface condensor used
to condense the exhaust steam. Tolithe bottom of the exhaust
pipe B (in figure, back of the covered steam pipc) was attached
a drain, which being 'very near the floor, was carried to the door
step to the left. The end of this pipe, left open, was submerged
in about one inch oftwater. The drip was collected and weighed.
A U tube partly filled with mercury was connected with the ex-
haust pipe at D. The condensed steam was pumped out of the
condensor into the tank E. [t therefore hecame necessary to so
regulate the speed of the pump as to create neither a vacuum nor
a back pressure; this was accomplished in the following manner:
Pipe I¥ was disconnected at L. and the exhaust pipe closed at that
point.  The speed was then regulated to give readings of the
U tube as near zero as possible; these readings varied from one-
eighth inch of mercury back pressure, to one-sixteenth inch of
vacuum. The plug at L was ithen removed and the length of
pipe I' connected to the exhaust and allowed to remain open at
the end H. This pipe 'was of sufficient length to condense any
exhaust which might pass into it while testing the machine, and
also maintained the back pressure in the exhaust pipe at an ab-
solute zero. The machine was tested at capacities of 1,700, 2,000
and 2,500 pounds of milk per hour.

Fig. 9 shows the arrangement of the apparatus used in test-
ing the Sharples machines. A larger condensor was used in
this case, not on account of any larger amount of steam con-
sumed, but because 'of the large amount of air mixing with the
steam while in the separator and passing out of the exhaust pipe.
This air amounted to about 30 cubic feet per minute in the
smaller machine and about 8o cubic feet per minute while run-
ning the separator of 2,000 pounds capacity. The condensed
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steam collected at A, Fig. ¢, had a temperature of about 6o de-
grees, but still a portion of the moisture was carried off mechan-
ically by the air in the form of vapor. This vapor was collected
in a tank into which awere placed, horizontally, alternate layers of

F16. 8,—Testing the De Laval steam separator, Alpha No. 1.
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paper and excelsior in such a manner as to compel the air to
pass back and ‘forth through the excelsior hefore escaping.

This proved a very good method of breaking up and collecting
this vapor. The moisture in the air when ileaving the excelsior
tank, above what it contained when entering the separator was
neglected when testing the rsmaller machine as it amounted to
less than one-half pound during any one of the tests of one-half
hour duration.  While testing the larger imachine, this factor
was determined by means of temperature and hvgrometric read-
ings and taken as a part-of the steam consumption.

SUMMARY OF RESULTS, AND CONCLUSIONS,

The intermediate required by a large belt power separator must
be considered as a part of the machine. A portion of the work
consumed in running ithe line shafting is also to be charged to
the work required of the engine in each case. In the larger ma-
chines it is assumed that the power is transmitted by five feet of
line shafting 'supported by two bearings; the power absorbed by
this shafting is equal to that absorbed by the countershaft during
the time the tests were made. The D. H.iP. as tabulated in-
cludes this amount. If more machines are added to the plant
it willmecessarily require a corresponding increase in the length
of shafting.

Every creamery, using belt machines, requires an engine of
some kind as a source of power. The work consumed in en-
gine friction and the pounds of steam per indicated horse power
per hour (when using a steam engine) must necessarily be con-
sidered when we wish to determine the actual cost of operating
one'of these separators. When we wish to compare belt and tur-
bine separators, it is also essential that we determine how much
steam is consumed in the engine cylinder and the iamount to be
charged to each separator; this amount, however, is subject to the
existingiconditions, depending upon the size and style of engine,
number of machines operated, care of attendant, and many other
conditions of minor importance. TIn view of these facts we will

assumethe follewing conditions which we bhelieve exist in the
average small and medium sized creamery:
1. The separators are operated for three hours each morning.
2. Iighteen per cent. of ithe indicated horse power required
to run the separator is conswmed in engine friction.
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3. The portion of the work required toovercome the friction
of the shafting, which is to be charged to each separator, is equal
to'the amount required to run the countershaft during the time
the tests were made. For the small sizes, not requiring a coun-

Fia. 9.—Testing a Russian steam separator.
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tershaft, the friction of the shafting is assumed tobe equal to 23
per cent. of the total indicated horse power.

4. The steam lconsumption is equal to sixty pounds per in-
dicated horse pewer per hour,

According to the figures tabulated on page 57, we find a very
marked difference in-the power required to run the different ma-
chines and also in the pounds of steam per 1,000 Ibs. of milk as
found in the last column. This difference though it may appear
surprisingly great, is easily accounted for upon a close inspection
of the different machines. The greater portion of ithe work re-
quired to operate one of these separators is consumed in rotating’
the separator bowl; the quantity of milk passing through the ma-
chine has little cffect upon the total power required, and conse-
quently has a great effect upon the amount of steam required to
skim one thousand pounds of milk. We have, therefore, every
reason to conclude that the power required to run the machine
varies chiefly with the mechanical construction and speed of the
bowl, while the capacity of the machine farther effects the amount
of stcam required per one thousand pounds of milk separated.
This is clearly shown by the tests of the Standard Russian Sep-
arator.  This machine, when operated at a capacity of 1,148
pounds per hour, requires 140.1 pounds of steam per hour or
1208 pounds of steam per one thousand pounds of milk sep-
arated. Increasing the capacity 23.7 per cent., the consumption
of steam per hour is increased only 2.7 per cent. while in the
pounds of steam per one thousand pounds of milk we find a de-
crease of 17 per cent. The same is shown, though less marked,
in the tests of the Alpha Turbine. In view of the above we pre-
sent the table given on page 58

Comparing the Reid Improved and the U. S. No. 1, we find
the speed of the material farthest from the center of rotation to
be the same, and the distribution of the material also similar in
both cases. The Reid bowl weighs 125 lhs. and has a greatest
diameter of 16 inches, while 'the bowl of the U. S. No. 1 weighs
but 84 lbs. and has a maximum diameter of 13.5 inches, which
differences readily account for the increase of 70 per cent. in the
power required to run the Reid Improved separator as compared
with the United States No. 1. The increased capacity in the one
case reduces this difference to 33 per cent. when comparing the
final efficiencies orithe pounds of steam per 1,000 Ibs. of milk.
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Tests of Cream Separators. 39

Again, comparing the Alpha No. 1 with the U. 5. No. 1, we
find that the Alpha bowllweighs 12 Ibs. more than the U. S.
bowl, but in this case the weight is more evenly distributed
througheut the entire bowl and not simply in the outer shell and
axis as is the case in the U. S. At the same time the speed of
the material is considerably reduced, the material farthest from
the axis of rotation having a speed of only 3.3 miles per min-
ute as against 4.6 miles for the [United States, and we find as
before that there is considerable difference. in favor of the Alpha
bowl, in the|power required to run these machines. As the ca-
pacity is practically the same we find a corresponding difference
in the pounds of steam required per one thousand pounds of milk
separated.

Comparing the Alpha No. 1 with the Baby No. 2 (bowls of
similar construction and manufactured by the same company),
we find that the Alpha bowl weighs 9.2 times as much as the
bowl of the Baby No. 2, the greatest diameter of the Alpha is
2.3 times that of the Baby No. 2, while the speed of the material
of which the Alpha bowl is composed is 2.2 times that of the
material of the Baby No. 2. In view of the above it is not sur-
prising that the power required by the Alpha No. 1 is 11.6 times
the power required to run the smaller machine. The large ca-
pacity in the one case accounts for the greatly reduced difference
in the final efficiency.

Comparing the steam separators in a similar manner we find
that the bowl of the Alpha is of better construction, mechanically
speaking, while the Russian has the advantage of a more effi-
cient turbine, resulting in practically the same total mechanical
efficiencies.

Considered from a standpoint of economy in the steam con-
sumption we find the Baby No. 2 most efficient. It might there-
fore occur to some of the readers of this paper that a number of
these separators should be wused in preference to one of the
larger ones. There are, however, other conditions which must
be taken into consideration. Tor example: IFight machines of
the Baby No. 2 will skim as much milk per hour as one ma-
chine of the Reid Improved stvle and will require a little less than
one-third the steam. The floor space may be the same in both
«cases.  The first cost of eight machines of the Baby No. 2 would




60 The Wisconsin Enginecr,

be much more than when using one of the Reid separators, while
the extra work required to operate eight machines and clean
eight bowls as compared to that required to operate and clean
one machine makes the use of the smaller sizes entirely imprac-
tical and really places the larger machine ahead of the smaller
one, in such cases, as regards the total final cost.

The table, page 57, shows that, generally speaking the helt
separator is more economical than the steam separator, although
some of the turbines, especially the Imperial Russian and Alpha
No. 1, running at a capacity of 2,500 Ibs., compare very favor-
ably with the belt machines, even surpassing a number of them.

One of the most important results to be attained in the opera-
tion of a separator is close skimming. The Babcock skim milk
test has done more to accomplish this end than any other one
thing, as it provides a ready and rapid means of making tests of
skim milks. The manufacturer must today be able to guarantee
a machine that will leave nolmore than one or two-tenths of one
per cent. of butter fat in the skim milk. No creamery company
can afford to purchase a machine that will waste more than this
amount. The average milk contains three and one-half per cent.
of butter fat, every one-tenth of one per cent. of butter fat re-
maining in the skim milk represents a loss of two and eight-tenths
per cent. in the yield; for a machine skimming two thousand
pounds of milk per hour and running three hours per day, this
means a loss of six pounds of butter per day; at fifteen cents per
pound we have'a loss of $270 per year or about fifty per cent.
of the first cost of the machine.

The Reid Improved, United States and De Laval separators
show mostiexcellent results in this respect. Omitting the “Stan-
dard,” which machine is still being used but which is not now being
sold by the De Laval Company, being one of their old machines,
we find that all of the De Laval separators average one-tenth of
one per cent.  The Reid and United States machines show re-
sults practically as good.

The Russian machines, especially the Imperial, dld not skim
as closely. Not only do the results of the regular steam tests
show an average of 0.32 per cent. of butter fat remaining in the
skim milk, but previous to these tests a number of preliminary
runs were made by a representative of the company, with differ-
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-ent bowls, to determine the skimming iqualities of the machine.
"These trials show a percentage of butter fat remaining in the skim
milk ranging from three-tenths to five-tenths of one per cent.

Omitting the Standard De Laval, which as before stated, is
not now in the market, and the Butter Accumulator, which was
still in the experimental stage during the time the tests were
made, we find that the Imperial Russian is the only machine which
at no time during the tests, shows a result as low as one-tenth
of one per cent. of hutter fat remaining in the skim milk.

‘SPECIFICATIONS FOR STRUCTURAL IRON AND
STEEL.
BY B L. WORDEN, B. &, "93.
With Wisconsin Bridge & Tron Compan)).

The preparation of specifications for structural iron and steel
presents peculiar difficulties to an average man engaged in the
general engineering practice, and the almost universal employment
~of these materials in work of all descriptions makes it an import-
ant part of the duties of every engineer. This together with the
fact that comparatively few outside of those connected with manu-
facturers of structural steel and iron approach the subject with a
‘thorough comprehension of what is required, is what has
prompted this paper. It is hoped that the brief treatment here
given may lead to a more complete study and consequently a bet-
ter understanding of the nature of the subject by the readers of
the “Wisconsin Engineer.” It is intended more especially for
,those whose “experience” is yet to be acquired.

Specifications in general are intended to convey to the con-
tractor a perfect understanding of the nature of the materials to
be furnished and the work to be performed. Plans consisting of
either general or detail drawings may be a necessary accompani-
ment, but it is the specification which ranks first in importance.
Part of the specification may and often does consist of figures
showing sizes, etc,, and notes of explanation on the drawings,
but dependence on these alone will leave room for various inter-
pretations and consequent conflicts of opinion between the en-
gineer and the contractor. It is manifestly unfair to either, that
any doubt as to the scope or character of the work should exist.
Ii the specification is loosely worded, the contractor in making
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his estimate interprets the various sections in such a manner as
to cheapen the cost, enabling him to make a low bid and secure
the work; while the engineer in charge may expect the best of
evervthing and the endeavor to obtain it under a contract, made
upon such a basis, will cause constant friction and endless worry.
Tt is well to remember that good work can only be secured at a
fair price and from responsible parties. A wide variation in the
amounts for which various contractors propose to do a certain
piece of work, indicates either an incompetency on the part of
the bidders or an incomplete specification, usually the latter. Tx-
perience teaches contractors that a loose or imperfect specifica-
tion means inexperience and ignorance on the part of those in
charge of the worlk, and thev realize that this causes unreasonable-
ness with reference to unimportant though often expensive fea-
tures, and knowing that the really important parts of the work
will have to be taken care of in a proper manner whether required
or not, reliable men bid high. This either rules them out of the
competition or increases the expense of the work. Specifications
should be as brief as possible, legal verbiage is entirely out of
place.  The same point should not be covered twice, nor should
two separate clauses occurring at different places apply to the
same thing. It should proceed from a general to a detail descrip-
tion, and above all should stop when the subject is covered.
Some specifications show on their face that this is not the case.
the author having gone on adding clause after clause, only stop-
ping when the date for awarding the contract arrives after which
the practice is continued in verbal instructions.

The voung engineer upon commencing the practice of his pro-
fession will find a number of standard specifications for steel and
iron.  These standard specifications treat of the chemical and
physical characteristics of the material as well ‘as the methods of
working the same into such shape as to be available in the fin-
ished structure. Many of these are the result of a life of experi-
ence and research and their authors men of high standing.
Owing to the recent extension of the use of these metals and the
comparative lack of reliable tests both in the laboratory and the
crucial test of actual use, these specifications may differ more or
less on minor points. A careful comparison will, however, show
that the essential features are in agreement. The exact chemical
composition, elastic limit, ultimate strength and elongation re-
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quired for the various classes of work, show but small variations
in the different authorities. As these quantities are more or less
dependent upon each other, it is simply a question of what chem-
ical composition and method of treatment will produce the re-
quired physical properties, and experience alone can demon-
strate their exact relations.  The various manufacturers in this
country have agreed upon a specification cevering these points
for the different kinds of material. Their plants are equipped for
manufacturing in accordance with these riles and they can pro-
duce material under them of reliable and uniform character, The
foremost engineers in the country have heen concerned in the
determination of these formulae and as experience and practice
demonstrate that an improvement can be made, they will be mod-
ified. It is manifestly to the manufacturer’s interest to produce
a thoroughly good article and it would seem advisable for young
engineers at least, to place considerable reliance upon them, to
take the material as it is manufactured and to use it to the hest
advantage. This insures a reasonable cost as well as a better
delivery. It is sometimes the case that an engineer having charge
of the construction of work where steel is employed, will specify
a chemical composition almost, if not quite, impossible of pro-
duction. The result is in the first place an increased cost, and
next a delay in furnishing the structure which often proves a very
serious matter. Instances are not unknown, especially when the
mills have plenty to do, when orders have absolutely been re-
fused, when to fulfill the specification would be difficult if not
more or less problematic. Such a specification encourages the
manufacturer in dishonest methods. He knows that the material
called for is no better than his standard article and will some-
times endeavor to substitute the latter,  The engineer has the
privilege of straining material as much or as little as he may deem
proper, and it seems to the writer that the better course to pursue
is to take a good article as it comes to us and use it as advan-
tageously as we may, rather than to call for something not to be
had and to make ourselves miserable in trying to obtain it.
The workmanship also should be in accordance with recog-
nized good practice which may he obtained from the standard
specifications previously mentioned. Bridge and structural iron
shops are in general equipped with tools capable of producing
work according to the general practice, and the engineer will find
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that the fewer unusual requirements he puts upon the contractor
for this part of the work the more satisfactory will be the result.
It is not the intention in this or what has been previously written
to advocate any laxity in the specifications.  Workmanship con-
sistent with the character and importance of the structure should
be insisted upon.  There is usually, however, more than one
method of accomplishing one and the same result, and it is not
necessary to insist that a special method shall be pursued when
the customary practice will answer as well. Bad workmanship
will probably show itself sooner than any other quality of the fin-
ished work, and it will not be long before the engineer using any
amount of steel or iron will know what points to guard against.
Until that time it is safe to rely upon the general practice in mak-
ing up a specification.  Details should generally be left to the
iren contractor. If it is necessary to obtain a standard of excel-
lence which the work must equal, it should be understood only
as a guide and such modifications should be permitted as do not
impair the strength or appearance of the work and which may
better fit the tools used by the shop undertaking the contract.

In writing specifications for iron and steel, no engineer need
fear to plagiarize. It is not a crime. Plagiarize freely from the
proper scurces and deem it rather a mark of ability to properly
select your authorities. Opriginality is not to be aimed at for the
purpose of being original. Generally such attempts on the part
of the inexperienced men are proofs of ignorance. Neither is it
necessary to make a slight change from the usual practice, such
a course being almost a sure indication of the fact that the author
is either not familiar with the usual practice or is trying to hide
incompetence. Another error common in specifications written
by such men is the confusion of the various classes of work, good
and bad requirements are mixed together. Clauses found only
in specifications calling for the highest character of work are
found side by side with requirements indicating a poorer grade.
“Such specifications seem to result from the author’s having col-
lected all the available information within his reach and combined
it into one production. It is a practice which cannot be too
greatly condemned. In general the voung engineer should fol-
low in the footsteps of his predecessors except where a deviation
‘is dictated by good and sufficient reasons.
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A HOT TRAIL.

By J. L. VAN ORNUM, B. C. E. ’88; C. E. ’g1;
Instructor of Civil Engincering, Washington University, St. Louis, Mo.

Waiting for the council of V. to settle their differences, con-
cerning the contemplated municipal improvements, proved too
exasperating and I concluded to accept the position offered some
time before by the Chief Engineer of the L. K. R. and V.
R. R. I so informed him and reported for duty on the fol-
lowing Monday.

After talking of my previous work for him, he said, “Before
you organize your party for the location survey, I have an in-
vestigation- I would like you to undertake, concerning the inten-
tions of a rival road in the mining region” He proceeded to
state that the general manager had learned of an apparent inten-
tion of the X R. R. to extend their line into the newly de-
veloping fields and so destroy the supremacy of our road in that
region, It was reported that a party of X surveyors was re-
cently at work in the field and it was the desire of the general
manager to learn of their intentions as fully as possible, without
disclosing the fact of the investigation to them.

When our plans were about perfected, I asked -the Chief if Lie
could loan me a shot gun. “What do you want of that?” said he.
“You are going out on serious business, not for pleasure.” I ex-
plained that my idea was to pass as a hunter if I found my in-
vestigation about to be discovered by the rival engineers, and so
cover the real purpose of my presence near their lines. The gun
was obtained and other arrangements quickly made, and the next
moming found me in the office of the division engineer at H——
inquiring concerning any new developmentsin the case. Noth-
ing had occurred for a fortnight nor was anything definite known
further than the presence at A. , three weeks before, of a fully
equipped survey party. Taking the next train to A , an ex-
amination of the hotel registers revealed several names from
L , where were located the general offices of the X Rail-
road. Inquiry concerning these men developed the fact that
they were engineers who had been at work in that vicinity, but
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was the

they had not been seen for about two weeks. As A
terminus of the X road, I concluded that the party had prob-
ably made the survey as an extension of the existing line.
Proceeding to the end of the tracks to verify the idea I found
the theory less casily proved than formed. A thorough search
was made over a constantly widening zone eastward from the end
of the line, but it was not till late in the afternoon that the search
was rewarded by the discovery, well outside the town, of the dis-
tinctive narrow line cut through the brush, the stakes being most
obscure in size and height. This line was followed, as far as day-
light permittéd, to make sure of its identity. It gradually
emerged from its obscurity, taking on all the well-known marks
of the railroad location survey as it advanced into the woods.
The next morning, armed with the fowling-piece and a lunch,
A was abandoned as the base of operations and the real
work of following the line was begun. This proved compara-
tively easy all the first day and at evening the trail had been
traced, many miles, to the south shore of a small lake about half
a mile north of Y—— a station on our own line. ITowever,

here the curves were not run in, the character of the survey chang-
ing from. a location to a preliminary survey.

The one hotel of Y—— furnished a good dinner and promise
of a restful night, preparatory to a resumption of the search the
next day. Of course the universal custom of small towns must
be observed, leading me to the depot to watch the evening train
come in. TImagine my surprise when I saw emerging from the
smoker a full corps of engineers with their instruments, and
alighting with an assurance that seemed to betoken a cinch on
the town and all the surrounding country. Surprise changed to
consternation when I beheld in the last to alight the well-known
contours of my old University friend Q ! Fortunately his
concern for the safety of his level had not permitted him to remove
his anxious eyes from that precious charge, and the next instant
my back was toward him as I walked toward the rear of the train.
It would never do to remain over night in the same town with
this party, and, necessarily, at the same hotel, especially as one
of its members was an acquaintance; so I boarded the now mov-
ing train undiscovered, and spent the night again at H. ;

The next morning’s train eastward reached Y—— in good
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time. A little quiet observation upon the hotel resulted in the
assurance that the rival engineers had already left for their field
of operations. An examination of the register showed their bill
unpaid, and concluding that it would therefore be an undesirable
headquarters for me I paid my bill, called for my gun, and started
out to reconnoiter, with the knowledge that any moment might
bring me into undesired notice. ~ On approaching the lake the
party was seen at work where the trail had been dropped the
previous night. A few minutes observation indicated their task
to be running in of the curves of ‘their preliminary line, showing
that the latter was considered satisfactory for the location survey
and carrving the probability that their presence would not be un-
pleasantly near if only the trail could be resumed far enough in
advance to be beyond their observation. This proved more diiti-
cult than anticipated, owing largely to the unwonted activity and
omnipresence of their chief of party, but it was finally accom-
plished without discovery.

Elation over once more having a clear field for; rapid advance
soon began to disappear. The ranges of hills obliged their line
to soon approach our-own railroad, and here the marks of the
survey, generally so easily followed, became exceedingly obscure;
and the increasing rougliness of the region necessitated many
angles and short tangents, all combining to impede progress. A
start in one direction was no sooner made than the trail was lost,
whether from most obscure markings or a change in direction
minute search only would reveal. The meridian sun and stifling
-air of the valleys did not aid in expediting progress.

While delving in the midst of one of these hotbeds of obscurity
the rythmic tread of a trained pedestrian on our nearby tracks was
heard. Peering out I discovered the chief of party rapidly ap-
proaching. Presently he turned into the woods and was soon so
near that I concluded to discreetly give him the right of way on
his own line, and crouched down among the bushes at one side.
Strangely enough the locality seemed to engage his close atten-
tion. He stopped for a moment opposite my hiding place and
then started directly- toward me. Discovery was only the matter
of a moment and so I discharged the gun in the air, and, spring-
ing up, gazed into a tree with rapt attention.  Some muttered
-exclamation appeared to be followed by a close scrutiny of the
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unexpected hunter, who continued to appear -oblivious of his
presence. After a minute or two he remarked on the fruitless
shot, which was reluctantly admitted. Then, to shift attention
from myself, I asked him the purpose of a slope-board he carried
in his hand. “It’s for use in measuring land,” he said, “you could
not understand it if I should explain all day.” “Maybe not, but
can’'t I help you, and get to learn?” Quickly came the reply,
“No, I have all the help I want” “Be you a land surveyor?”
“Yes, but don’t bother me,” he replied. “You can do better hunt-
ing than helping.” Although this was very doubtful praise, I was
as glad to go as he appeared to be to have me and I sauntered
off, still scrutinizing the trees for game until beyond his view.

To re-discover the line beyond was a harder task than follow-
ing its intricacies, and after it was found it still continued obscure.
Besides there was an enemy in the rear who must be most care-
fully avoided now. The sun had set when the trail was finally
followed to the edge of a marsh where progress might be easier.
The evening train to H was still far from due, and the line
might perhaps be followed as far as the station a mile eastward.
However the first attempt to prolong it failed, and the second,
and many succeeding ones suffered the same fate, until the deep-
ening twilight merged into night,—and to weariness, hunger, and
only a few miles progress, was added the discouragement of com-
pletely losing the trail. '

With the morning new hope was added to determination. The
search was renewed by beating back and forth in a widening path
over the zone that the line must have taken across the marsh.
More than an hour’s work proved again unavailing and then 1
determined to follow the plan of the night before and try to trace
the trail from the line at the bank, but with no better success.
What could be done? I knew that the line must be planned for
several miles further, and vet the most careful examination could
not discover its prolongation.

Going backward and scrutinizing every inch for a clue, about
a hundred vards from the edge of the marsh I found what had
escaped attention in the twilight the night before,—a piece of pa-
per folded and held in the bark of one of the stakes. This proved
to be instructions written by the chief of party to his levelman,
stating that at that point their line joined the old O—— survey,
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at an angle of 26 degrees left, following it for 2,800 feet, and then
restming their own line. Strangely enough the methodical Q)
had read the note when he reached that point and had faithfully
returned it to its place, although its mission had been accom-
plished—at least as far as he was concerned! My previous dis-
comfiture was thus explained, for I had followed their first line
cut through to the marsh, which had been later abandoned back
to this station; and it was not strange that T had been unable to
discover the marks of the old survey, made half a dozen years
before. Aided by the note so kindly left I resumed the trail and
found the figures given reached the opposite edge of the marsh,
where, with little difficulty, I found their line again and followed
it readily to the end. '

The finishing of the search had occupied till after noon, and
the desire for a good meal suggested the only available hotel
at Y The plan was unhesitatingly adopted as by this time
the rival engineers would be at their work, even if they had gone
in for lunch.

After the combined appetite of the sportsman and engineer was
appeased I stood in the office preparing to leave, when members
of the survey party began pouring into the room. They must
have finished their work in that vicinity—a contingency I had not
calculated upon. It would only arouse questioning if I should
retreat through the dining room, so I pulled down my hat, turned
up my coat collar and kept quiet for the moment, hoping that
the confusion of entering a crowded room would divert from me
the attention of Q and his chief. The latter had apparently
been delayed to investigate some detail, and T appreciated his de-
votion to duty. As for , he entered last, with his eyes fixed
on his beloved instrument, which ever seemed to claim his whole
interest. The next moment I had slipped unobserved out the
door, with no danger now of discovery.

The rival line had been quietly and carefully surveyed. Their
plan, as disclosed by their work, was to parallel our line to its
end and a little beyond, and then construct a switchback around
the end, thus enclosing it in a cul de sac. This procedure would
have destroyed the supremacy of our line owing to the topography
in the vicinity and to a previous agreement between the roads
that they would have no grade crossings. To thwart this pur-.
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pose it would only be necessary for our road to watch the other
and keep its tracks always in advance of those of its rival. The
L. K. R. and V. is still supreme at the mines,

I must beg all my engineer friends who have leveled on a rail-
road survey never to question me concerning this incident, else
I may be obliged to seek refuge in the fiction, which writers so
often use, that his tale is all imaginary. '

THE TWO-WATTMETER METHOD AS APPLIED TO
TRI-PHASE CIRCUITS.

BY B. D, FRANKENFIELD, B. 8. ,95

In the two-wattmeter method of measuring power in a bal-
anced tri-phase circuit, the following conditions obtain :

(a) One meter will read zero if the angle of lag between the
pressure and the current is equal to sixty degrees, and the power
in the circuit is represented by the reading of the other instru-
ment.

(6) When the lag is less than sixty degrees, the power is ob-
tained by adding the two readings.

(¢) When the lag is greater than sixty degrees, the difference
of the readings represents the power.

This is true whether the lag be positive or negative.

To prove this theorem, we will assume a specific case of a star
connected induction motor. It holds equally well for mesh
connection, but it is thought better to take a specific case than
give a general proof.

The connections are shown in figure I and figure II is the
corresponding vector diagram 04, OF, and OC represent the
maximum pressures on coils 4, 5, and € respectively. The
instaneous pressures will then be,

e, = 4/2 Esin0,

¢ = /2 Esin (1-120°),

e = ¢ 2 Esin (1—-240°),

where Z is the effective pressure on one coil.
First, consider the meter /). The instantaneous pressure im-
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pressed on its pressure coil will be 30" in advance of OC, and
its value will be,

€= §/8 ¢/ 2 Esin (1-20°+ 80°)
=¢/3 /2 Esin (0-2100).

D

Fia, 1.

-

Fia. II.
The current in the current coil will be
¢, = 4/2 Csin (0—24b°-qo),

where C is the effective current in one of the mains and ¢ is the
angle of lag.
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The phase difference of current and pressure is then,
(1—210°) — (1 —240° — ) = 80° + ¢
Hence the component of effective pressure in phase with the
current is,
\!E E cos (30“+ @ )
and the power as indicated by wattmeter 2 will be

Py = /8 € Eoos (30°+¢,) ................ (@)
When ¢ == 60° Py = 0
“ @ <60° Pi;= a - quantity;
" @ >60° Py = a — quantity.

This means that, as the angle of lag passes through the value
60", the terminals of the pressure coil of our instrument must
be reversed, or the needle will disappest on the zero end of its
scale.

Now, considering the meter £, we have the pressure from A
to 2 leading OA by an angle of 30" and

e = {/8 4/2 Esin (s+50°).
The instantaneous current is, in this case,
€y = 1-/5 C sin (0—-120°—zp);
and the phase difference between pressure and current is,
(14-30°)— (1—120°— @) = 150°+Fp.

The component of effective pressure in phase with the current is
1/§Ecos (150°+(p )
= 4-/ﬁ3ﬁ E cos (30“—@ ) *

and the power as indicated by the instrument £ is

P, — ,‘/E CE cos (80°—(p) ...................... (b)

When ¢ = 60°, Pe = a + gnantity;
o <L 60° P= at s
‘e >060° Po=a+ “

*The supplement of (150°+4-) is taken because in practice (150°+@)

» Would be an obtuse angle and this would give a negative sign which has

no practical significance, as the meter would be connected to read positive

under any circumstances. All that we need to prove is that the reading

does not change sign within the limits of @ = 0° and ¢ = 90°, (80—q) is
the acute angle between the vectors of current (' and pressure Hgp,
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This shows that the instrument will read positive for all values
of ¢ met in practice, ninety degrees being the value of ¢ which

gives a zero power factor.
An inspection of equations (@) and (&) shows that our theorem
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holds for negative values of ¢ and that the terminals of meter £
must be reversed at ¢ — — 60° while. those of D need not be
changed throughout the entire range. This is the case of a
capacity load.

Equations (@) and {4) may be plotted as in figure III where ¢
is measured along the axis of X" and the corresponding relative
values of /; and P, along the axis of V. Curves (a)and () cor-
respond to equations (#)and (¢) and are two sinusoids 60" apart.
Two simultaneous ordinates for any value of ¢ will have lengths
proportional to the readings of the wattmeters. The third curve
(¢) represents the ratio of the lesser reading to the greater. The
power factor, plotted on the upper scale, is equal to cos ¢.

We will now work a practical example using these curves.

Suppose we desire to know the relation between power factor
and load of a certain tri-phase motor. Running light, the meters
read 1340 and 895 watts respectively. The ratio of the lesser
reading to the greater is 0.67. First of all we know that the
lag is positive and we find from curve (¢) that there are two
positive values of ¢ which will give ordinates in this ratio. One
gives a high power factor and the other a lower one. Our judg-
ment tells us that as the motor is 1 unning light, the power factor
is low and we find that the lag is 82° and the power factor 13
per cent. We also see from curves (a) and (&) that the number
of watts expended in the circuit is equal to the difference of the
readings, or 445. '

When the machine is given another increment of load the
power factor is obtained in the same manner, and the difference
of the readings for each increment of load will represent the
input until a power factor of 50 per cent. (corresponding to a
lag of 60") is reached, when one instrument will read zero. Its
pressure terminals must then be reversed and the sum of the
readings will represent the input to the end of the test.

If a person has no idea of the power factor on the circuit
tested, as might often be the case, he canvary the load until one-
meter reads almost zero. [f the reading of the other decreases at
the saue time, the power factor is greater than 50 per cent. and the
readings should be added ; if it increases, the power factor is less
than 50 per cent. and the difference of the readings represents the
power.  This is readily seen by an inspection of the curves.

Another instructive point which this diagram brings out is
that if both instruments indicate the same amount of power, the
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lag is either 0" or 9o’ and the circuit is either in resonance or is-
entirely wattless.

The writer hit upon this graphic solution while trying to solve
an actual problem in the two-wattmeter method. He claims for
it this advantage: both the angle of lag and the power factor
can be found without taking volt-ampere readings.

THE PROBLEM OF ECONOMICAL HEAT, LIGHT AND
POWER SUPPLY FOR BUSINESS BLOCKS, SCHOOL
HOUSES, DWELLINGS, ETC.* )

By G. ADOLPH GERDTZEN, B. S., '03.
Reviewed by Prof. Storm Bull.

This paper which has just been published as No.:8 in the En-
gineering Series of the Bulletins of the University of Wisconsin
is a very valuable addition to‘the literature on the subject an-
nounced in the title. The author considers the possible solutions
of the problem: the electrical, the gas, and the steam solution; he
compares them under all possible circumstances as they may occur
in practical life, and then draws‘his conclusions in favor of the use
of gas, formed by a mixture of that produced by the retort and
water-gas processes.  This conclusion seems to the writer per-
fectly justified, as it is based upon the most reliable!data and ex-
periments to be found in technical literature, the author having
thoroughly studied his subject bothin technical journals and the-
best books in this line.

The electrical solution is firstidisposed of, it being easily shown
that for the combined problem of heat, light and power supply,
electricity can not yet compete with either steam or gas, the effi-
ciency of the process of heating by ‘electricity being so very low.

It would seem at first glance that steam should be the most
economical, and in certain individual ‘cases this is no doubt true,
for instance for large steel frame buildings where there can be
no flues in the walls and where a‘private installation would be ad-
vantageous. The principal reason why the economy of the steam
method is lower than that of theigas, is that the load factor is very
low and the stand-by loss great, because of the impossibility of

“Thesis presented for the degree M. E.
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storing the steam, and because the demand will be very variable.
A gas plant on the other hand, especially one in which the re-
tort and water gas processses‘are combined, will have a low stand-
by loss, and because of the easy storing of the gas it may be run
at its full capacity or not at all, as the demand on gas requires it,
and still very nearly retain the maximum running efficiency. This
difference in economy is very clearly shown in the paper; but it
should be noted that it-only applies to comparatively small plants,
where, for instance, the size of the engine furnishing power is
less than 50 H. P. It should also be borne in mind that it is only
in the combined problem of furnishing heat, light and power that
the gas solution is the most economical one. It must, however,
also be admitted that the use of gas simplifies the distribution of
heat and light to the various rooms of a building as compared
with steam, but this side of the question cannot be taken into ac-
count in a paper where the economy-of the plant is to be the decid-
ing question. One cannot help coming to the conclusion after read-
ing this paper, that the heating of dwellings by means of gas
ought to be very much more popular than it is at present. If a
gas stove can utilize 8o per -cent. of the heat produced by the
complete combustion of the gas, lit certainly will be a compara-
tively cheap method of heating dwellings in large cities where the
cost of gas is low.

The author states in concluding his paper that a conservative
engineer will ever be loath to leave an old system for a new one
which has not been tried, but that the necessity of progress be-
cause of competition will force him to try a new system for fur-
nishing heat, light and power to buildings, and it will then be
found that the system proposed by the author is supported by
sound and reliable conclusions from engineering facts of today.
The writer of this review expresses the hope that the system may
soon be tried, and he has no doubt that Mr. Gerdtzen’s conclu-
sions will be rverified.

’;—_
INSPECTION OF GOVERNMENT LAND SURVEYS IN
WESTERN WASHINGTON.
L. T. GREGERSON, B. &., "gs.

In order to make the work of an Inspector more clear, it will

be necessary to give a brief outline of the original work. When-
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ever any sub-dividing of government lands is to be done, the
Surveyor General receives bids fqr the work and awards contracts

to “Deputies.” The rate paid per mile depends upon the charac-
ter of the'country in which the work is to be done, that for moun-

tainous country being higher than for level country. For work
in ordinary timber the rate is about twenty dollars per mile, ‘and
for meandering about twenty-three dollars. Meandering is the
most profitable, as it is'generally much easier to work along the
banks of a river than in timber.

The Deputy receives instructions from the Surveyor General
as'to how much of a township is to be surveyed, but he must use
his own judgment in doing the work. That is, no work must
be done where the country is so mountainous that it would be
impracticable to survey it.

It is'the duty of the Deputy to run and measure all lines as
accurately as circumstances will permit. Section corners, quar-
ter section corners, meander stakes, witness corners, etc,, must be
set and carefully marked. Bearing trees must be established and
plainly marked also. This is a very important part of the worlk,
and much stress is laid upon the kind of tree to be selected, and
the manner in which it shall be marked. In connection with the
work, a fairly accurate topographical ‘map of the country must
be made, which renders it necessary to take plusses of elevations
and depressions and of streams. All streams over two chains in
width should be meandered. If anything of interest is found on
or near the line, such asindication of ore, or a rancher’s cabin, it
should be noted. The lines must be well blazed in order that the
settlers may follow them readily 'in staking out their claims.

All of the work must be within the limits of 50 links per mile
in alignment and the same amount in measurement. The limits
were previously 80 links per mile, which seems to be a fair allow-
ance, considering the difficulties which the Deputies have to con-
tend with in a mountainous or heavily timbered country. A
Deputy receives no remuneration for his work until it has been
examined and accepted. This renders it necessary for the Com-
missioner of the General Land Office to send out men whose duty
it is to inspect the work done by the Deputies.

An Inspector’s party generally consists of four persons besides
himself,—two chainmgn, a flagman, and a cook. In a mountain-
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ous country where trails are fcl.v and -far between, it is necessary
to have two extra men for pagcking, who are generally referred
to as the “mules.” :

It is the duty of an Inspector to examine at least fifteen per
cent. of the Deputy’s work, but the time spent on a particular
contract depends largely upon the accuracy of the work. Where
it is evident that the lines have been carefully run, part of them
are simply measured; but at every post the bearing trees with
their markings iare noted.

Before starting out on ‘a contract, the Inspector obtains as
much information as possible regarding the survey, and in mak-
ing upihis party tries to get some one who was with the Deputy.
The work is usually in 4 country so mountainous and so covered
with underbrush and logs, that horse trails are very scarce and
foat trails only can be relied upon.  As in most localities it is
necessary to take along all supplies for the party, we are here con-
fronted by the worst feature of the work—packing. Each man
has a very scanty supply of clothing and a blanket or two in
which he is expected to carry from forty to fifty pounds of pro-
visions when occasion demands, which is too often the case.
When weary from a six or eight hour tramp under these condi-
tions, one marvels at the endurance of the ranchers, who are
sometimes seen with such articles as stoves and large trunks on
“their backs.

Having rcached the point from which he wishes to start, the
first thing for an Inspector to do is to establish a meridian. This
work is of great importance and must be carefully attended to.
The instrument used is generally a light mountain transit with
solar attachment.  The meridian is established by observations
on Polaris, and the result checked by observations on the sun.
It should be located not very far from camp, so that the instru-
ment may be tested every morning before going to work. In
running lines, an observation on the sun is generally taken every
half hour on clear days. It is very important to get the variation
often, for the needle may change a degree or two in a verv short
-distance.

An Inspector generally uses the same starting point as was used
by the Deputy, but this is not absolutely necessary. The lines
-aresrun only approximately. In thick timber the sights are nec-
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-essarily very short and trees are very often on line. When this is
the case, the instrument is set up behind the tree -and the line
continued by use of the needle. At every section corner and
quarter post(the errors (if any) in the Deputy’s line; the bearings
and markings of bearing trees; and the character of the soil and
quality of the timber is noted. The line is then continued from
the post.  In ordinary timber one mile per day is the average
progress, while one and a half miles is considered good, and two
miles unusual.

During the summer months the climate in Washington is
nearly perfect. The days are very seldom too warm, and the
-evenings are never too warm for comfort. But in the fall, the
rainy season commences, and if the siege be a long one, survey-
ing must be discontinued for a time at least. ~When rainy or
cloudy weather is anticipated, the Inspector establishes a meridian
-and runs his lines by back and forward sights. This, however,
is necessarily a very slow process in thick timber, and requires two
-extra-axemen and a back flagman.

When several contracts have been inspected, a report is sent to
the Commissioner of the General Land Office giving an accurate
-description of-the condition of the work. In this report, the diary
of the party must be given, also the character of the country cov-
ered by the survey.

In spite of hardships the work with an inspecting party is very
pleasant, and during the summer months is more of a vacation
for the young graduate than anything else. ~ When the winter
rains set in, however, it is time for surveyors to leave western
"Washington.

ANEW METHOD OFi MEASURING THE VARIATION
OI' THE CURRENT IN TELEPHONE TRANSMIT-
TERS.

By ARTHUR II. FORD, B. S. ’gs,
Fellow in Electrical Engineering.

During the progress of some tests on telephone transmitters,
it became desirable to measure the variation in the current flow-
ing, due to the operation of the transmitter.

The methods first tried to get this variation were measurement
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of the vibration of the diaphragm of a telephone receiver placed
in series with the transmitter directly, and also by a beam of light
reflected from a mirror attached to the diaphragm a little distance
from its center. Neither of these methods gave any results, so
a very delicate electro-dynamometer of the Siemen’s type was made
and placed in circuit with the secondary of an induction coil hav-
ing'the transmitter and a battery in its primary. This methnd
failed also.

It then occurred to the writer that the measurement of the sec-
ondary pressure‘of an induction coil would be as good, or a better
measure of the change in the primary current, than the measure-
ment of the secondary current.

Following out this idea, a large induction coil, which was de-
signed to be used for Geissler tube effects, was connected with its
primary in series with the transmitter to be tested and:with a bat-
try, while its secondary was connected to a quadrant electrometer,
The calibration was accomplished by means of an intermittent cur-
rent, having the same frequency as the source of sound, being
passed through the primary and the electrometer deflections iread
with telescope and scale, the maximum value of the current being
measured with a mil-ammeter. This method was‘entirely success-
ful, but required a large volume of sound, which was furnished by
an electric buzzer.

By this method the actual variation in the current can be ob-
tained; and by measuring the total current flowing, the percentage
variation can be found, and this is the true‘'measure of the power
of any transmitter,

The transmitters tested included practically all ithe types now
in use, Hunnings, granular carbon, carbon ball and Blake. No
one class could be said to have the largest variation in current as
they differed so among themselves, .the variation in the Hunnings
type being from .008 to .25 the current flowing, and of all those
tested, being from .00015 to .64. This variation depends quite
largely on the current flow:ng, increasing in most:cases as the cur-
rent increases.

Some tests for clearness showed results which could ibe classi-
fied with some degree of certainty. They showed the clearness to
be in this order:  Standard, National, Blake, Hunnings from

A. D.Sill, Hunnings from England. The other transmitters dicd
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not give very clear sounds, especially those of the:carbon ball type.
The reason that the first three give so clear a sound is that the
part which ‘produces the variation in resistance is either fastened
to the diaphragm alone, or held against it by springs in such a
way that the vibration is impeded as little as possible.  The two
Hunning’s transmitters have very thin diaphragms of carbon and
the carbon grains are very looselyplaced in the space between the
diaphragm and the carbon block, which accounts for the clearness
with which they transmit speech. '

A COMPARATIVE TEST OF A COMPOUND AND A
SINGLE EXPANSION LOCOMOTIVE.

3y WS, HANSON, ’g95; I, 1. HARTWELL, ’93, and E. \WW, MEYER, ’95.%

This test was made on two engines belonging to the C. & N. W.
Ry. Co. on through freight service between Milwaukee and She-
boygan. Six round trips of 104 miles each were made with each
engine. The engines were ten-wheelers of Schenectady make,
one a single expansion 19”x24”, the other a two-cylinder com-
pound 20” and 30”x24". All other dimensions were the same
on both,

The object of the test was to compare the efficiencies of the
two engines doing as nearly as possible the same work under the
same conditions. A special effort was made to make a compari-
son of the engines only and care was taken to eliminate, both in
the test and in the computations, all differences due to the boilers,
such as variations in quality and pressure of the steam.

The average percentage of coal saved by the compound en-
gine was 7.74 per cent.; water per I. H, P. hour, actual, 17.72
per cent. ; water per 1. I1. P. per hour for dry steam at 160 Ibs.
gauge, 20.32 per cent.; water per ton mile, actual, 9.15 per cent.;
water per ton mile for dry steam at 160 lbs. gauge, 11.94 per
cent.; and water per mile per ton of train resistance for dry steam
at 160 1bs. gauge 14.27 per cent. The last is considered to be
the most nearly correct basis for comparison..

The road was characterized by sudden and frequent changes

“Abstract of thesis submitted for the degree of B. S. in Mechanical Engineering.
See transactions Western Railway Club, Vol. 8, No. 1.
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of grade. In this distance—32.2 miles—there are 16 grades of
one per cent. and over.  This, with other unavoidable circum-
stances, was unfavorable to the compound engine; and we are
therefore justified in the conclusion that the compound made the
saving indicated above under conditions which, in so far as they
were not the same, were more favorable to the single expansion
engine.

ELECTRIC MOTORS IN FACTORIES.

The problem of the application of electric motors to machine
tools and other machinery, such as pumps and hoists, in factories
is one of the most difficult of solution, vet the most fascinating
to the designer. The advantages of such a system are seli-evident
and have been enumerated in nearly all the papers written on this
subject; we will therefore pass at once to the methods of applica-
tion.

Motor for direet shaft connection,

The most popular method at present is the group system, as ap-
plied to shops. Here a motor of standard design is belted to a
short length of shafting which drives a group of machines. If
possible, the machines are so grouped that all are idle at the same
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time and the shaft may then be shut down when the machines are
not in use.  This system saves the expense of maintenance Jand
-operation of long lines of heavy shafting and eliminates some of
the overhead obstructions.

A large number of further economies could be practiced by
«direct-connection of the machines to motors, such as the entire
obliteration of ihelts and shafting: and a great saving of time in
the operation of machines requiring frequent variations of speed.
The slow speeds at which such machines run seems to force u pon
us the use of gearing; as the cost of a motor which could be
placed directly on a spindle in place of a cone pulley, and vet have

Direet connected motor and pump.,

a respectable efficiency, is prohibitive, and a single gear of large

ratio need be neither wasteful nor ungainly., So far, so good; but
we are now confronted with atproblem that has calmly withstond
the most vicious onslaughts of the designer, viz, to build a motor
having a wide range of speed, withteasy gradations, which will ke
inherently self-regulating at any position of its controller switch,

and be cheap, durable and simple in construction.  {\We believe

that this can and will be done some time in the future.

Our cuts represent two imotors of special interest in this line.
They were installed in the tannery of Pfister & Vogel, Milwau-
kee, by the Northern ILlectric Co. of Madison.  The first is .a
motor designed for direct connection to a shaft which runs a flesh-
ing machine. A itest of this machine was first made by belting

a4 motor to the counter shaft. A recording ammeter was placed
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in the circuit and frequent pressure readings taken. The load was
of fluctuating nature with a maximum of 37 horse power, a mini-
mum of 7, and an average of 14.8. A standard 25 horse power
motor, wound to suit the speed of the ishaft and capable of de-
veloping about 17 horse power at this speed, was direct-connected
to the shait by the fly-wheel clutch shown in the figure. The
fly-wheel is large enough to take care of the peak of the load
which lasts but an instant.  Alitest of this motor, after installation,
showed an average electrical horse power of 9.3 with only a small
fluctuation. )

Our second cut shows a tannery pump and motor fastened to
the same base and connected by a spur gear. This was thought
advisable because of the difficulty of belting where the pump is
placed.

There are many points about the mechanical design of these
motors that are strikingly original, Mr. C. M. Conradson, ’83, be-
ing-the designer. Two points clearly shown in the cuts are first,
the boxes, which admit of the motor being operated equally well
whether fastened to the floor, ceiling or wall; and second, the
brush holders, which+thave a parallel motion that ensures noiseless

running.

EDITORIAL NOTES.

A few words as‘to the inception of this publication may be of
interest to alumni. During the early winter unusual interest in
the project of issuing a journal was awakened among the students,
largely'through the agency of the engineers’ societies, and encour-
aged by members of the faculty, the matter was taken hold of in
real earnest.  After communication with other colleges which is-
sue technical periodicals,'an organization was formulated, and soon
afterward adopted by a mass meeting of engineering students.
The organization, known as the Engineering Journal Association,
includes as members the faculty ‘and all students and alumni of
the department, and has for its object the publication of a quar-
terly periodical. The board of editors, consisting of lone post-
graduate, three seniors, three juniors, two sophomores, and one
freshman—no two of the same class to be‘also in the same course—
are elected by their respective classes, with the exception of the
member from the entering class:who, with the managers, is chosen
by the board of editors,
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It is pleasing to note that all classes exhibited the same enthu-
siasm in this movement, many of the lower classmen taking a very
active part. This is the kind of backing which will make the ven-
ture an assured success. It puts out of the question all misgivings

as to the near future of the journal, before ‘it shall have become
well established.

Through the medium of the Wisconsin ! Engineer, the technical
world will be given a better idea of the high standard of work
done in our engineering department ithan it has had heretofore.
In the past a few of the best investigations made in our laboratories
have been published as University Bulletins. Many:of the gradu-
ation theses of special merit have appeared as papers in the trans-
actions of the various engineering societies, ibut here the oppor-
tunities are limited. We hope, hereafter, to give all the important
work in this line, at least in abstract; so our readers may expect
to see not only such articles as may appear, from time to time,
in the transactions ‘of our American engineering societies, but all
the cream of the University’s engineering achievements.

Many of our graduates have become noted engineers and their
contributions to this magazine will always be of a practical nature.
Their hearty response to requests for articles for this, our first
number, indicates a bright future for our alumni‘department. We
wish to express our gratitude to these men for the spirit with
which they have taken‘hold of the work.

The illustration on another page of a busy morning hour in the
reading room of the library brings out nicely a side of ‘college
work for which the engineering student can usually find little time,
but which it-seems to us for that very reason should be the more
highly prized. He will hardly again have such an opportunity
to obtain a general knowledge of other branches of his profession,
and to familiarize himself with the great achievements in his own
—both of which will be of great assistance to him in later vears.
During the early part of his course reading of the technical peri-
odicals and works of reference serves to keep up his interest while
he is threading the dry mazes of theoretical class work. Later he
gathers points on the practical problems he is likely to meet and
before the completion of his course he begins to feel in touch with
the general engineering fraternity.
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Nor sheuld he cease adding to his fund-of general information.
Let him not be a “cold, calculating villain” who thinks of nothing
but strength of materials and ‘capitalized estimates: who is jnter-
ested only in alignment and grades, valve gears, or armature wind-
ing. True, the hey-day of the “Jack of all trades” is past and he
must direct all his best energies along his chosen path if he is to
attain success.  Nevertheless, though an enthusiastic specialist, he
need not and cannot afford to be classed as “narrow.” Men of
the world—business men—with whom he will probably have more
to do than he -anticipates, will judge him by the standards with
which they themselves are familiar. Of his technical knowledge
they are not well able to judge, but if he exhibits lack of- general
information and grasp of problems of the day, they will set -him
down at once as a man who is not wide awake and possessed of
the broad intelligence which would make him master of his pro-
fession.  With -all the opportunities presented in our university
and the incentive given by co-workers, a little more time spent in
thus filling in the perspective will not go amiss.

The Engincer starts off with an issue of 2,500 copies for the
tirst number.  This is just double the number at first intended,
and is made possible by the support of advertisersiand the gener-
osity of the Board of Regents. It is the intention to issue at
least 2,000 copies iof cach number during the coming vear. It
has also been decided to make the journal a quarterly instead of
a semi-annual, as was first proposed.  This will make the index
more valuable, as well as our advertising space. The chances all
seem to be more favorable for the success of a quarterly than for a
semi-annual,

The trigonometrical survey of the senior and junior civil en-
gmeers will this yearibe widened out to connect with the stations
established in the region by the United States Coast and Geodetic
Survey. Several new instruments for use in geodetic work have
been obtained, ‘including a fine German alt-azimuth instrument
and a complete precise level outﬁt from Kern & Co., Switzerland.

Professors Snow and Austin of the Physics Department have
been doing much successful work with the “X rays.” Since the
early experiments in the general line now so familiar to !all, in
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which many fine negatives of special value were obtained, they
have been investignting along the line of the reflection of the
rays. DBesides the reflection through tubes and from pieces of
metal placed behind photographic plates, experiments have been
tried with the:Crookes’ tube placed in the focus of a parabolic re-
flector from a locomotive head-light.  The fluorescent screen
glowed faintly but certainly, when placed in front of the reflector
when the direct radiationiof the tube was entirely cut off. With
a plain metal mirror behind the tube instead of the parabolic, no
evidence of reflection great enough to excite the screeniwas found.
This may perhaps be taken as an indication that the reflection is
at least in partiregular.  Unsuccessful attempts have been made
to repeat the experiments described by Becquerel (Comptes ren-
dus, March 2, 1896) on some invisible radiations given out by
fluorescent substances, fwhich are capable of traversing bodies
opaque to ordinary light. Though these experiments have been
amply verified elsewhere, the results here have been negative.
The salt used was uranium-nitrate. A photographic plate { was
exposed to its influence for twelve hours, the salt being a part of
the time in the:direct sun light. A new Edison screen of caleium-
tungstate has been obtained with which better results in reflection
are expected. They -are now engaged on ihe diffraction of the
rays. !

A recent event worthy of note was the Second Annual Joint De-
bate between the U. W. Engineers’ Club and the Engineers’ Asso-
ciation. The debate was on the question of state and national
ownership and operation of irrigation systems-as opposed to pri-
vate ownership, the affirmative being taken by H. C. Schneider,
G. H. Jones and C. W. Hart of‘the Association, and the nega-
tive by . J. Newman, R. D. Jenne and H. Murley of the Club.
Both sides ‘were supported in a most creditable manner, both in
the array of data and arguments and in their skillful presentation.
The contest, which was well balanced throughout, was decided
in favor of -government ownership, thus giving the Association
its second victory.

Undaunted by the seeming failure of previous attempts of en-
gineering students to organize a literary society, leaders in two
factions in the fail of "g4 successfully pushed to organization these
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two societies. The existence of the two ‘has proven a benefit to
cach by creating a friendly rivalry and thus giving impetus to the
best methods and work. The primary object of ithe societies is
to supply a needed training in parliamentary practice, speaking,
writing and debate, which is not had in the ‘regular course. As
somewhat secondary, though by no means a small matter, the so-
cieties aim to keep in-touch with the engineering world by choos-
ing for debates and papers live engineering topics -and having in
addition a weekly review of engineering periodicals. The weekly
program of each society consists of papers, debates and ‘reviews,
sometimes varied by a special lecture from a member of the fac-
ulty or corps of ‘instructors.  One of the special features is the
joint debate, nearly six months of study being put on the question
by the respective teams. :That the members of these societies
have obtained a wider knowledge of current engineering practice
and have improved in their ability to express themselves clearly
and to-the point is manifest.

ALUMNI NOTES.

—'94. Ed. Pratt has a position in the South Chicago Steel
works. {

—'95. Harry Fowle is in the electrical business at South Mil-
waukee. !

—04. R. M. Arms is working for the Ft. Wayne Electric Co.
at Indianapolis, Ind. :

C. H. Hile, Fellow ’92-293, is superintendent of the Boston
Electric Ry. Co. '

—S.iR. Sheldon, 94, and P. A. Bertrand, ‘05, are with the Dia-
mond Electric Co.!at Peoria, TII.

—'93. Fred H. Ford, secretary of the Peoples’ Electric Co.
of Madison, was married June'3rd to Miss Harriet Armour of
Milwaulkee. ’

—Herbert Gregg isiin the mechanical engineering department
of the C. & N. W. Ry. at Chicago.

—'95. R. C. Falconer is in the New York .office of C. T.
Purdy, 85, the well known engineer in tall building construction
in Chicago. '
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—95. E. W. Crane is with the Westinghouse Electric Co. at
Pittsburgh, Pa.

—'94. R. J. Ochsner is operating the electric plant at a coal
mine at Hymera, Ind.

—93. J. G. Wray is assistant chief engineer of the Chicago
Telephone Co.

—'g5. Theodore P. Schumann died March 24, at Pittsburgh,
Pa., where he was holding a position in the Westinghouse Elec-
tric Co. He was sick but a short time with typhoid fever.

—'95. Geo. H. Burgess has:left the Edge Moor Bridge works
and is now on-the Pennsylvania Railroad at Pittsburgh.

—’94. W. A. Baehr is with the Wisconsin Bridge and Iron
Co. at Milwaukee.

—'9o. D. L. Fairchild, who has recently been promoted in
the GeologicaliSurvey, is now located in Indian Territory.

—'95. Carl . Kummel is located in Montana as an assayer
and mining engineer.

WISCONSIN ENGINEER INDEX.

We believe that there is an absolute need for a-well arranged
index to engineering periodicals, which has not been supplied
since the discontinuance of the index issued by the Association of
Engineering Societies. The Technical Index of the Engineering
Magazine is probably the most complete index which has hitherto
been puklished; but-on account of its arrangement, it is not prac-
tically available for ready reference. The Digests of The Electri-
cal World and of Electric Power are both excellent, but their
scope-is confined to the field of Electrical Engineering, and as ref-
erence lists, they are open to the same objection as the Technical
Index.

Believing that-we can improve this condition of affairs, the
editors of the Engineer decided to publish an index compiled
from the index and digests above mentioned, with references to
these when -the description or digest is sufficient to warrant it.
No attempt at description has been made further than to indicate
reprints or abstracts of papers read before engineering societies.




IMPORTANT TO STEAM USERS.
Fros “THE SCIENTIFIC AMERICAN,”

Having received many inquiries concerning the best method
to protect the interior of steam boilers against the evil effects:
of pitting and other forms of corrosion, and also as to the best
remedy for the removal and prevention of boiler incrustation, we
consider it proper to quote reports of our acknowledged author-
ities on the use of steam, by whom thorough investigations have
been made.

Among the many different remedies advertised, we find but
one manufacturer whose products are recommended in our dif-
ferent scientific works of acknowledged authority,—Mr, Geo. W.
Lord, Manufacturing Chemist, Phila., a.

Author Le Van, of The IFranklin Institute of Phila., in a work
entitled “The Steam Engine and Indicator,” says, “The Boiler
Compounds manufactured by Geo. W. Lord, of Phila, have a
high reputation, not only as a preventive of boiler incrustation,
but also for neutralizing acids and corrosive matter.”

Author Edwards says, in “The American Steam Engineer,”
“Lord’s Boiler Compound is the most widely known and ex-
tensively used. I have used Lord’s Compound on land and at
sea, during many years service, with the most satisfactory re-
sults.”

Author John S. Fornum says, in a work entitled “Practical
Points,” that Mr. Lord's extensive trade is no doubt due to his
scientific knowledge and skill, in furnishing a preparation suited
to the requirements of each individual steam user.

In “The Engineers’ Handy Book” by Roper, we find nnder
the head of Scale in Steam Boilers, the following: “Lord’s
Boiler Compound appears to be the only chemical preparation
in use, that will prevent the formation of scale, and remove it
after it has been formed in any steam boiler.”

Booth, Garrett & Co., Chemists of Philadelphia, who stand at
the head of their profession, make the statement over their sig-
nature that “Lord’s Compounds are free from any substance that
could prove injurious to the Steam Boiler.”

We could make quotations similar to the above from many
other scientific works, if time and space would permit.  Prob-
ably the best proofs of merit of the chemical preparations manu-
factured by George W. Lord, is in the fact that many other par-
ties, who have recently entered into this line of trade, have of-
fered to steam users, their different articles as “Lord’s Boiler Com-
pound,” or in using the word “Lord” in some wayv to mislead the
manufacturer.

The genuine chemical preparations, known under the head of
“Lord’s Boiler Compound” are manufactured only by the inven-
tor, Mr. George W. Lord, analytical and manufacturing chem-
ist, whose office is at 316 Union Street, Philadelphia, Pa.”
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To Current Engineering Periodicals.

Decembér, 1895, to April,

Explanation: W, words.

18906, Inclusive.

M. Jan., W. Jan. 4, or P. Jan. at the end of the reference,

indicates that a deser iption or dl"(‘:t of the article may be found in the index of the
Engineering Magazine of Januar}, in The Electrical World digest of January 4, or im

the Electric Power digest for January.

List of periodicals from which articles are indexed:

Boston,
o $2.

American Architect, The. . 56,

Am. Engineer and Kailroad Jour.
York.

Am. Chemieal Journal. b-sm.

Am. Gas Light Journal.  we.

Am. Journal of Science. i,

Amevican Machinist, . §3

New

5L
1.

Baltimore.
New York.
3. New Haven.
New York

Am. Manufacturer and Iron World. w. $h Pitts-
burgh,

American Miller. . &2 ("luca,t.,(;

American Shipbuilder, . §. New York.

Denver.

Am. Soc, of [rrigation Engine :

Annual Report of Illinois Soci -,l‘ f)f' Engineers and
Surveyors, New York.

Architectural Record. ¢r. $1. New York.

Architect. The, 26s. London.

Architecture and Building, . $. New York.

Architectural Review. -gr. #$5. Boston,
Australian Mining Standard. . 305, Sidney.
Boston Journal of Commerce. . $3. Boston.
Brick. wm. $l. Chicago.

Brick Builder, The. e $2.50. Boston,
British \1ch|rncf The. . 23: 8d. London,

Builder, The. w. 26s, London.

Bulletin Am. Iron and Steel Assn. . $1. Phila.
Bulletin of Univ. of Wisconsin, Madison
California Architect. »e, $3. San Francisco.
Canadian Architect. m. $2. Toronto.

Canadian Engineer. wm. $1. Montreal.

Canadian Mining Review. s $LA50. Ottawa,

(s\ der's Magazine. . $3. New York.
lay Records, . $l. Chicago.

(ol]xeu Engineer. m. $2. Scranton.

Colliery Guardian. . 27s. 6d, London.

Domestic Engineering. . $2. Chicago,

Eleetric Power. . $2. New York.

Electric Railway Gazette, New York.

Eleetrical Age. w. #3. New York.
Electrical Engineer. . 19x 6d. London.
Eleetrical Engineer, . $3. New York.

Electrical annvormg ne. 31, Chicago.
Electrical Industries, we. $1. Chicago.
Electrical Journal. m. Chicago.

Electrical Plant. m. 6s. London.
Electrical Review. . s.8d.  London.
Electrical Review, . New York.
Electrical World, e, New York.

2is. London.
Electricity. (Elee. Lond.) . 7s 6d. London,
Electricity (Elec.) . $2.50. New York.
Electrochemische Zeitschrift, m. Ger.
Electrotechnische Zeitschrift. . Ger.
Engineer, The (Eng ) s-ne. $2.50. New York.
Engineer, The (Eng. Lond.) . 365, London.
Engineer and Contractor, 1. $1. San Francisco,

.
.

Electrician (Electn.) .

Engineer's (zazette. m. 8:. London.
Engine 1g (Engne.) 1w, 36s [..onrlun
Engineering and Mining Jou w. $5.
Engineering Magazine. . New lmk
Engineering-Mechanies. m. & Phila.
Engineering News, w New York.

anumm ing Record. w. New York.

Engineering Review. . . London.

Eng. Soc. of the School of Prac. Sci. Toronto,

Eng. Soc. of Western Pennsylvania, m. $7. Pitts-
burgh,

Foundrv, $1.

The. . Detroit.

(Gas Engineers' Magazine, . 6x 6d. Birming-

ham.

Heating and Ventilation. m. $1. New York,

111 Carpenter and Builder. . 8s. 8d, London

India Rubber World. wm. #3. New York.

Gas World, The, . 13=.  London.

Indian and Bastern Engineer. . 20. R Cal-
cutta.

Indian Engineering. . 18 Rs, Calentta.

Industries and Iron. . £1. Loudon,

Inland Arvehiteet. . (Chicago,

Inventive Age. \vm Washington,

Iron Age, 50, \m\ York.

Iulm and Coal’ l'mtlL Review. . 80s. 4d. Lon-
on.

Iron and Steel Trades Jour. . London.

Tron Industries Gazette. . $ Bultalo.

Iron Trade Roview. w. $35. Cleveland.

Jour. Am. Soe. Naval Engincers. gr. $3, Wash-
ington.

Jour. Assn. Eng. Societies. m. $3. St. Louis.

Journal of Electricity, The. wm. $1. San Fran-
cisco,

Jour. Franklin Institute. . $. Phila.

Journal of Gas Lighting. s, London.

Journ. of Inst. of Elec. Engineers. London.
Jour. New England Waterw. Assn. g

London.
Jour. of Royal Inst, of British Arch. s-gr 68
London.

Journal of Society of Arts. . London.
L'Eclairage ]‘_.Ioctlu;ll(‘ . France.
L'Electricien. . France,

L'Enereie Electrique. France.

L'Industrie Electrique. b-a.

Locomotive !*m.l:momm;: m. %2, New York.
Machinery, . $1. New York.

Machinery (Mach. Lond.) . 9s. London.
Manufacturer and Builder. wm. $1.30. New York.
Manufacturer’s Record, e $t, Baltimore.
Marine Engineer. . 7= 6d. London.

Master Steam Fitter. s $1. Chicage.
Mechanical World, . #s. 8d. London.

Metal Worker, . $2, New York.

Mining and Sci. Press. . $3. San Francisco.
Mining Industry and Review. . $. Denver.
Mining Journal, The. . #£1, 8. London.
Mining World, The. w. 2ls, London.

National Huiider. m. $3. Chicago.

Nature. ., $i. London.

New Scicuce Review, The. ¢r. $2. New York,
Puvin]g and Municipal Engng. m. $2. Indian-
apolis.

Physical Review. b-m.

Plumber and Decorator. m. 6s 6d. London.
Popular Science '\[omhl\ m. %3 New York.
Power. m. $l. New York.

Practical Engineer. w. 10s. London.
Proceedings Engineer’s Club., gr. $2. Phila-
delphia.

Progressive age. s-m. $3. New York,

Railroad Car Journal, The. m. #1. New York.

Railroad Gazette. . $1.20. New York.
Railway Age. . 31 Chicago.

Railway Master Mechanie. m. $1. Chicago.
Railway Press, The. wm. 7s. London.
Railway Review. w. $1, Chicago.




92 The Wisconsin Engineer.

THZ Nal;llral Premium__——
M (/A HILs

-«—vww—.'-v-v—w B T i e

IDSURHD@@

| wwwvmwwwwwwwwvwwwww

_GOMPADRY
of \Wisconsin.

L R R

Over $1,000,000 Insurance Written
the first six months.
L I N B B

This Company —~

Sfurnishes protection at reasonable vates. Its policy
contracts are pronounced by many of our leading
citizens to be the best in the market. — We have good

territory for good agents.

RASMUS B. ANDERSON, WM. H. ROGERS.

President. Secretary and Manager.

LR

Hon. W. H. Upham, Governor of Wisconsin ; John A. Johnson, Presi-
dent Fuller & Johnson Mfg. Co.; John Hunner, ex-State Treasurer, and
others, members of Advisory Board.

Address, W. H. ROGERS, Secy,

MADISON, WIS,

Please mention Wisconsin Engineer when you write,




Index of Engineering Literature.

Railway World. m. 5s.  London,
Safety %Alve 1. New York.
Sanitarian., 7. $l Brooklx Ny
Sanitary Plumber. s-m. $2. New York.
Sanitary Record, m. 10s. London.

School of Mines Qum terly. $2. New York.
Science. . Lancaster, Pa.
Scientific Ameucan w. $3. New York. i
Scientific Am. Supplement. . . New York.
Scientific Machinist. s-m. $150. Cleveland.
Sibley Jour. of Engineering, 2. $2, Ithaca, N. Y.
Southern Architect. ., $2. Atlanta.
Stationary Engineer. s, $1. Chicago.

Stevens' Indicator. guv. 31.50. Hoboken.

Stone. m. $2. Chicago.

ACCUMULATOR—Elec. Rev. Lond. Jan.

24. W. Feb. 15.

—Blot—Elec. Rev. Lond. Feb. 14, 1500 w.

‘W. Mch. 7. M. Apr.

—-Cadmium—L’Elec. Feb. 22. W. Mch. 14.
P. Mar,
and Dommerque,

—(Cars—Elec. Eng. Lcnd. Jan. 24,
—Economics—Abbott

Elec, Jan. 8. P. Feb.
—-Plates—Starkey, Elec. Rev. Lond. Apr.
3. W. Apr. 25.

—Present Day Types of—Elec. Lond. Feb.

14. Serial.
-—8tation,
P. Feb.

Part 1. 2200 w. M. Apr.
Lawrence—Elec.

—-Testing, Notes on—Carl Hering. Elec,
1800 w. M.

WId, Jan. 4.
I'eb. . Febh.
—Theory of—Loeh.

Serial Part 1.

Mch. 5. W. Apr. 4.
—Theory c¢f the Lead. Liebenow Elee,
—Traction—Elek. Zeit. Jan. 25. W. Feb
15:
—Traction—Jevous. Elec. Rev., Lond.

March 20. W. Apr. 11.
—Traction—Fitzgerald,
Mareh 20. W, Apr. 11.

—Charging at a Constant Power—Simon.

Electn. Mar. 21. W, Apr. 11.

—Present Day Types of—Electy. Lond.

Feb. 14.

—The End Plates in—J. Langelaan, Elek.

Zeit. Feb. P. Apr.

ACCURACY—Edit. Eng. Lond. Jan. 24.

2200 w. M. Mech.
ACETONE—See Asphaltur

ACETYLENE—New Seci. Rev. Jaa. 1300 w.

—(Objecticns to it.) Eng. Rec. Feb. 2
500 w.

ACETYLENE GAS—Elec. WId. Feb. 1.
2000 w.

—W. R. Addicks. Am. Gas Lgt. Jour.
March 9. 9000 w. M. Apr.

—fnr Power Purposes—IElectn. Jan. 17. W.
Feb. 8.

—Mystery—Eng. and Min. J. Jan. 18.
2500 w.

—Gas, Some Facts About—J. C. ’\JIoMynn.

Wid. Jan. 4.

Zeit. f. Electrochen:.

KElec. Rev. Lond.

93

Street Railway Journal. m. $i New York.
Street Railway Review. m. $2. Chicago.
Tradesman. s-#it. $2. Chattanooga, Tenn.
Truns Am. Inst. Elect. Engineers. m. $5. New York.
. Am. Inst. Mining Engineers, New York.

. Am. Soc. Civil Engineers. m. #$10. New

New York.

{ork.
Trans. Am, Soc. Mechanical Engineers.
Transport. . £1.5s. London.
I‘eclmolo;:qumtelh $3. Boston.
Western Electrician.  w. $3. Chicago.
Western Mmmp: World. . $. Butte, Mon,
Wiedemann's Annalen,
Zeitschrift fiir Beleuchtungswesen. Ger.
Zeitschrift fiir Electrochemie. s-m. Ger.

Paper Northwn Elec. Assn, Elec. Rev,
Jan. 25, 1800 w.

—Gas, The Truth About—A. Stetson. Elec.
Feb. 12. 2800 w. M. Apr.

AIR BRAKE Devision, An Important—RY.
Rev. Nov. 23. 8000 w.

--Hose, The Bursting of-—A. M. Waitt.
Ind. Rub. Wld. Mch. 10. 2700 w.

—Instruction—Trav. Eng.'s Assn. Sept.
10000 w. M. Feb.

—Instruction Car—Ry. Rev. Feb. 22.
600 w.

ATR Braking, The Art of—Trav. Engs,
Agsn. Sept. 7700 w. M. Feb.

—The Uses and Advantages of a Publie
Supply of—F. Richards, Am. Mach.

Feb. 13. 1000 w. M. Apr.

ALABAMA, The Phegphates and Marls of
—E. A. Smith. Tr. A. I. Min. Eng.
Feb, 4300 w,

ALKALI—See Electrolytic.

ALLOYS, Conductivities of—H. Le.
Chatelier. Iflec. Rev Lond. Jan. 17. P.
Mar.

ALTERNATE Are, Stludy of the—Elee.
Rev, Nov. 9. P. Jan.

—Current Arcs, Researches on—H,
Gorges, Electn. Elec, Wid. Jan. 11. P.
Feb.

-—-Current Plant at Dover, Trials of—
Electn. Jan. 17. 2000 w. M. Mar. P.
Mch.

—Current—gee Electredynamic.
ALTERNATING Current Arc—Fleming
and Petaval, Elec. Jan. & W. Jan. 25.
~Current Circuits—F E. Millis, Phys.
Rev. Mch. Apr. 2000 w. M. Apr.
—Current Curves, The Form Factor-2J,

A. Fleming, Electn. Jan. 10. F. Feb.
Lond. Nov. 15. W. Dec. 7.

---Current Measuring Instruments—G.
Benischke. Zeit, f. Elek. Jan., 1. P.
Mar. W. Jan. 25.

—Current Plant, Tests of an—Kennedy
and Thompson, Electn. Jan. 17. Elec.
Eng. Jan. 17. Elec. Rev. Jan. 17. W.
Feb. 8.
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—Current Transmission Circuits, The Cal-
culation of—P. M. Heldt, Elec. WId.
Feb, 8. 2500 w. M Mar. P. Mch,

—Currents, RElecticdynamic Rotations
Produced by—Ferraris, W. Hlec. eb.
29. W. Mar, 7.

—Currenis  for Railways—Houston anil

Kennelly, Elec. Ry. Gaz. Mch. 21. W,
Apr. 4.
—-—Currents for Railways—A. J. arus

worth, Elec. Age. Jan, 4. P. Mar.

—Currents, Regulating the Phase of--
Berg, Elec. Eng. TFeb. 26. W, Mar. 7.
27. W. Jan. 18.

ALTERNATORS—M. 1. Pupin, Elec. Pow,
Jan. 3000 w. M. Mar. P. Feb.

—Paralleling of—Hammond, Elec. Mch.
25. W. Apr. 4.

ALUMINUM Alloy to Replace Brass—
Mach, Feb. 600 w.

-——hy Electrolysis, The Manufacture of—
A. E. Hunt, Col. Gaurd. Feb. 14.
1300 w. M. Apr.

— Conductivity of—Lcrd Kelvin,
Rev. Lond. Feb. 7. 'W. Feb, 29.

—Industry, The—0O. E. Dunlap. Min. and
Sci. Pr. FFeb. 15. 1400 w. M. Apr. W.
Feb, 22.

—Industry, The—G. L. Addenbrooke, Elec,
Rev, Lond. Jan. 31. 2200 w. M, Apr.

—The Electric Manufacture of (I11.)—Elec,
‘Wild. Jan. 18, 2000 w. M. Mar.

—Works of the Pittsburg Reduction Co.
at Niagara Falls—O. E. Dunlap, Elec.
Lond. Jan. 17. P. Mar.

Feb.

AMALGAM on Copper Plates, The Accu-
mulation of—R. T. Bayliss, Tr. A. L.
Min. Eng. Feb, 220C w. M. Apr.

ANTHRACITE Beds, Folds and FFaults in
the Penn.—Tr. A. I. Min. Eng. Feb.
400 w.

-—See Hudson Bay.

ANTIMONY Ores, The Treatment of—
Min. Jour. Feb 22, 1800 w. M. Apr.
AQUEDUCT, The Nashua (I1l.)—Eng. Rec,

Feb. 22. 2400 w. M. Apr.

ARC, Analytic Study of the Alternating

Current—Fleming and Petavel, Electn,

Elec.

Mech. 6. Klec. Iing. Lond, Mch. 6. W.
Mch. 28.

- —Circuits, Insulation and Testing of—
Dow, Elec. Engng. Jan. 2000 w. W.
Jan. 25. o, Mar.

-—Lighting, Depreciation of Eleetrie—J,
Gas Lgt. Jan. 21. 1300 w. M. Mch.

-—The Eleciric—Ayrion, Elec. Lond. Dec.
13. W, Jan, 4.

-—Opening a Circuit without an—Wurt~,
Elec. Eng. Mar, 18. W, Mch. 28.

95

——Fheromenon, Elee,
Pow, IF'eb. W. Mar, 7.

—-The Marks Venrtilated Enclesed (II1.)

Elec, Eng. Jan. 15. 700 w.

—The Tru=s Resistarce of—8S., P, Thomp-

An—Freedman,

son. IElec. Rev. Lcnd. Jan. 3. 2400
w. M. Mar. W. Jan. 25. P. Febh.

ARCS, Continuous and Aiternating—Flem-
irg. Mar. 13. W. Apr, 4.

ARCHAEOLOGICAL Remains in Arizona
—Avrch. and Build. Feb. 29. 1000 w. M.
Apr.

ARCH, Evelution of the Iron—Eng. Lond.
Dec. 13. 2400 w. M. Febh.

—of 10 fi. Span, A Ccnerete (I1L)—Eng.

Reec. Jan. 11. 1500 w. M. Mar,
ARCHES. Experiments on—made by

Austrian Assn. Engs. and Arch. Engng.
Feb. 21. 2000 w. M. Apr.

ARCHITECTS, Office Methods for-—-Can.
Arch. and Build. Jan. 1000 w.

ARCHITECTURAYL  Competitions and
Public Buildings—Wm. Henman, Brit.
Arch. Nov. 29. 2400 w. M. Jan.

- -Literature of France—J, Roy. Inst, Brit,
Arch. Jan, 2. 7300 w.

-=Sculpture in America (I11.)—Russell
Sturgis, Eng. Mag. Feb. 2800 w. M.
Feb.

—Training—G. A. T. Middleton, Paper

zoc. of Arch. Lend. Arch. Lond. Feb.

4200 w, M. Apr.

ARCHITECTURE—A TFew Principles Ex-
plained, Naval (I1L.)—Eng. Lond, Jan.
17, Serial, Partl. 2200 w.

—-and Architects, American—J. B. Gass,
J. Roy. Inst. Brit. Arch. Feb. 6. 3800 w.

—and Building, Myths, Superstitions,
Romance and Humor ¢f--Fred, T, Hodg-
son. Arch. and Build. Jan. 4. Serial.
Part 1. 2000 w. M. Feb.

—~Classic—H. Van Brunt, Sci. Am. Sup.
Feb. 15. 4400 w. M. Apr.

—in America—A Forecast—J. Stewardson,
Am. Arch. Feb. 1. 3500 w.

~—in Cities, The Value of Good—B Ferree,
Eng. May. Jan., 4300 w.

—of Eastern Asia (T11.)—C. T. Mathews,
Arch. Rec. Jan.—March. 5000 w. M.
Mar.

—of Modern Bank Buildings (I1L.)—R. W.
Gibson, Eng. Mag. Mar. 3500 w. M.
Apr.

--of Norway and Sweden—G. W. Maher,
In. Arch. Feb. 2500 w. M. Apr.

—of Sicily, Reminiscences of the—A. C.
Hutchingon, Can, Arch. and Build. Jan.
2000 w.

--Romanesque—Roy. Acad. leciure, Prof.
Aitchizon, Build. Feb, 7. 7000 w. Se~-

2l
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cnd  lecture, Build. Feb. 15. 4000 w.
Fourth lecture, Build, Feb. 29. 3000 w.
M. Apr.

—8See Liverpool. Italy. Design.

—The Beginnings of Gothic (I11.)—Arch.
and Build. Feb. 29, Serial. Part. 1. 3000
w. M. Apr.

—The Future of American—J. Steward-

son, Brit. Arch. Feb. 28, 2400 w. M.
Apr.
--The Making of—Extracts. Roy. Acad.
lecture. Aitchisen, Brit. Arch. Feb.

14. 3000 w. M. Apr.

—The Use of the Grotesque in Sacred—
Rev. F. Sewall, Am. Arch, Feb, 22. 2200
w. M. Apr.

—to Proper Sanitation, Relation of Naval
—J. R. Tyron. San. Feb. 13000 w.

— what is it?—J. A. Mcrris. Paper. Glas-
gow, Arch., Assn. Builder., Jan, 11.
8000 w.

—Women in the Frofession of—DNM. Mac-
Naughton, Soc. Areh. Jan. 2200 w.

ADRMTAURE Coils, Formers [or—ElL Ry.
Gaz. Deec. 21. W. Jan. 4.

ARMATURE, The—W. H. Freedman, Lec-
ture, Henry Elec. Ciub. Eleec. Pow. Feb.
1600 w. M. Apr. P Mar.

— Windings for Continuous Current Ma-
chines—Arnold, Elek. Zeit, Jan. 30. W.
Feb. 22.

—Windings of Mullipolar Dynamos—F. A.
Muschenheim, Elec. Ind. Feb. P. Mar.
ASPHALT in the United States, The Pro-
duiction of—Pav, and Mun. Eng. Mar.

800 w. M. Apr.

~-Recent Discussions of—Pav. and Muxn.
Eng. Feb, 2500 w. M. Mar.

ASPHALTUM in Engineering Construe-
tion, On the Use of-—F. N. Speller, Eng.
Soc. of Sch. of Prac. Sci, No. 8. 6500 w,

— Use of Acetone in the Technical Analy-
¢is of—S. F. Peckbam, Jour, Fr. [nst,
Mar. 1200 w. M. Apr.

ASSAYING at Mines and Works, Practical
—H. Van F. Furman, Eng. Mag Mar,

3000 w. M, Apr.
——See Analytical. Analysis. Iron. Lead.
Ete.

ACTRONOMY for Eugineering Students,
A Course in—C. C. Comstock, Science
Oct. 18, 2300 w.

ATOM and the Charge Carried by It, The
Relation Between the—J, J. Thompson,
Electn. Jan. 3. Elec. Jan, 22. W, Jan.
25. M. Mar. P. Feb.

AURIFEROUS Gravels of British Colum-
ia—J. M. Buxton, Mining. Jar. 2000 w.

97

—-Sulphides in California, Concentration
of—Aust. Min. Stand. Jan. 30. 800 w.
M. Apr.

AUTOMATIC Telephene Exchange Sys-
tem—Thompson and Decker, Elec. Pow.
Jan. W. Feb, 1. P. Feb,

ALTOMOBILE Vehicles—Salom, J. ¥r.
Irst. Apr. W. Apr. 11.

BABY Bessemer Practice, The Latest in—
H. L. Hollis, Ir. Tr. Rev. Keb. 27, 1200
w. M. Apr.

BALLAST for Steamers and Sailing Ships,
Water—M, W. Aisbitt, Steamship. Jan,
2900 w. M., Feb.

LANK Revetment on Lower Miss.—H. 5t
L. Coppee, Tr. A. 8. Civ. Eng. 27500 w.
M. Mar.

BASIC Process, Reguicting After Blow in
the—Ir. and Coal Trs. Rev, Jan, 31.
®00 w.

BATH Room, An Elaborate (Ill.)—Dom.
Engng. Feb. 300 w. M. Apr.

BATTERIES for Locomrotion, Secondary—
[itz-Gerald, Elec. Rev. Lond. Apr. 3.
W. Apr. 25. *

—WMaximum Possible Efficiency of Gal-
vanic—Morton, Elec. Jan. 15, W. Jan.
25,

—Preventing Evaporation in Leclanche—
Herkt, Elek. Zeit. Ncv. 14. W, Dec. 7.
— The Hydro-Electric—L'Elec. Jan. 20.

P. Mar.

LA.L . ERY, A new form of Water—Austin
and Thwing, Phy. Rev. Jan.-Feb. W.
Jan. 18. Elec. Rev. Lond. Jan. 24, P.
Mar.

—Carbons—Barnett, Elec. Rev. Lond. Feb.
7. W. Feb, 29.

—-Primary—TLevetus, Elec. Rev. Lond.
Feb. 21. W. Mar. 14
The Savoyarde (I11.)—Seci. Am. Sup. Dec.
21, 3000 w. M. Feb.

TELT Experiments—Rev. of Lille Exper-
iments. Bos. J. Com. Feb. 8. 2000 w.
BELTS and Ropes, Comparative Efficieny
oi—M. E. (Rev. of Lille experiments)

Am. Mach. Jan. 30. 1400 w,

—and Their Use, Notes on Conveying—
—Thos. Robins, Jr.,, Paper. A. 1. Min.
Eng. Ir. Age. Mar. 5. 2800 w. M. Apr.

-—Theory and Rules for Belting—T. Huw-
ley, Bos. J. of Com, Feb. 29. 3500 w.
M. Apr.

TESSEMER Convertor Process, The Wall-
rend-Legenisel—Hollis, Paper. A. T.
Min. Eng. Ir. Age. Mar. 5. 1500 w. M.
Apr.

—See Baby.
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BICYCLES, The Carriage of—R. R. Gaz.
Feb. 28. 1300 w. .

BLASTING, Water Cartridges in—L. Jar-
coljmek, Col. Guard Jan, 24. 2000 w.

- BOILER and Engines of the Santa An-

tonio (I1l.)—Engng. Feb. 28. 1400 w.
—Care of Modern Marine—7T. W. Kin-
caidy, Am. Mazh. Feb. 6. 500 w.
-—reiorm—J. J. Hogan, Mach. Jan. 2509
w. M. Feb.
~-The Solignac Mixed (I11.)—Am. Eng. and

R. R. J. Feb. 2400 w.
BOILERS and Feed Waters-—HEdit. Eng.
Lond. Oet. 4. 1909 w. M. Dec.

-—Blowout Pipes on—W. A. Carlisle, Mach,
Feb. 1300 w.

-—British Types of Land—Paper, Cleve-
land Inst. of Engs. Eng. Lond. Feb. 21.
4400 w. M. Apr.

—Cireculationn in Water Tube (I1l.)—Enz,
Lond. Jan. 10, 4820 w.

—HExperiments Showing the Circulation in
Water Tube—Uower, Mar, %500 w. M.
Apr,

~-for the Dutch Navy, Water Tube (I11.)-—
Engng. Feb. 21. 1100 w.

- Increasing the Heating Surface of. F. .
Hemenway, Am. Mach. Jan. 30. 1100 w.
M. Mar.

-—Sectional Water Tube vs. Shell—L. G.
Read, Age of St. Feb. 1. 2400 w.

—=Support of Long Cylindrical—Age of St,

Feb. 1. 1000 w.

—''esting Steam—C A. Collett, Safety V.
Feb. 1700 w. M. Apr.

- The D'Allest Water-Tube—Eng’s. Gaz.
Feb. 1100 w. M. Apr.

-—Types of Land—E. G. Hiller - Paper,
Cleveland Inst. of Engs. Eng. Lond.
Febh. 21. 4400 w., Prac. Eng. Febh. 28
Serial. Part 1. 4500 w.

—Water Tube—Correspondence.
Jan. 17. 2200 w,

—-Water Tube—Engng Jan, 24, 800 w.

-—~Water Tube (I11.)—W. T. Bonner, Paper,
Min, Assn. of Quebec. Can. Elec. News.
Feh. 4260 w.

—Waler Tuhe—A. F. Yurrow, Engng. Nov,
22, 500 w. M. Jan.

—Water Tube—J. D'Allest, Engng, Jan,
3. 1800 w.

—with Varying Rates of Fuel Combustion,
Determination of Efficiency of—F. G.
Gasche, Power. T'eb. 1800 w.

—=5See Coal. Heat. Threshing.

BONDTests at Buffalo, Plastic—Si. Ry.
Rev., Feb, 15. 500 w. M. Apr.

BONDS, Rail (Ill)— St. Ry. Jour. Mar.
2600 w.

Engng,

~—Test of Rail—Ele:.
w. M. Apr.

BOOSTER in Railway Work. J. B. Scott,
St. Ry. Rev, Jan. 15. 1600 w. P. Feb.
W. Feb. 1.

ERAKE, A Novel Electric (IIl)—F. M.
Ashley, Elee, Pow. Jan. 700 w. M.
Mch. W. FFeb. 1.

—IEmergen. y—Parshall, Elec. Eng. Febh.
26. W, Mar, T.

—The Chapsal Electro-Penumatie—Mr.
Lesourd, Klec. Rev. Lond. Jan. 17. P.
Mar. W Feb. 8.

--The High Speec—R. A. Parke, I'rom
Paper, New Eng. R. R. Club. R. R. Car.

Eng. Feb. 26. 400

J.o Jar, 1000 w,
—The High Speed—Ry. Mas. Mch, Jan.
1100 w. M. Feb.

--The Midland Railway Compauy's Auto-
matic Steam and Vacuum—Eng. Lon-d,
Feb. 21. 1500 w. M. Apr.

BRAKES and Coaplers, Equipment of
Rolling Stoek with Automatic--Report
of Interstate Commission. Eng. News,
Oct. 31. 700 w.

--on Street Cars—St. Ry. J. Dec, 1300
w. M. Jan.

—upcn Eleciric Cars Power—A, K. Bay-

lor St. Ry. J. Mar. 3000 w. M. Apr.
—See Air,
RRICIKS in the Blast Furnace, Note on

Carbou—-R. W. Raymond, Tr. A. I. Min,
Fug. Feb, 600 w. M, Apr.

ERIDGE and Builaing Department, A
Railway---0. Bates, Ry. Rev. Feb. 15.

2700 w. M. Apr.

---at Draulitten, The Monier Arch.—Eng.
Rec, Mar. 7. 1000 w. M. Apr.

—ut  Niagara, Tha $46  ft. Sieel Arch.

(M)—R. R. Gaz. Teb. 28 2000 w. M.

Apr.
-—E. L. Corthell, Eng News, Dec. 19
2400 w. M, Teb.

—Wleoring, Barker's. (IllL)—Eng. Lend.
Jan, 24 5000 w. M. Mar.

—on Albert Railway at Indooroopilly,
Queensland. (T1L)—Eng. Lond., Jan. 17.
2000 w. M. Mar.

—cn the Madras Railway, The New Papa-
g..ni—H. J Thompson, Ind. and East
Fng Feb. 1. 1600 w. M. Apr.

—over the Niagara Gorge, A New Steel
Arch. (T1.)--0. E. Dunlap, Eng. News.
Jan. 2. 1000 w M. Feb,

—Proposed Bascuie (I1l.)—Eng. Rec, Feb.
22. 200 w. M. Apr.

—=8&ce Arch. Compressed Air. Drawhridge.
Girder. Specifications, Trestles.
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BRIDGES, Best Substructure for Small
Highway Steel—J. H. Burnham, 10 An.
Rept. Ill. Soc. Eng. and Surv. 600 w.
M. Jan.

—in European and American Cities, Mov-
able (I11.)—G. W. Rafter, Pav. and Mun.
Eng. Feb. 1300 w. M. Mar.

—of Various Spans, Paint Required for—
C. E. Fowler, Eng. News. Feb. 6. 300
w. M. Mar.

—The Life of Iron Railway—Eng. Lond.
Feb, 14. 2200 w.

--Vibrations Caused by Trains Passing
over Iron (I1l.)—Pownall and Milne,
Engng. Jan. 24. 2500 w. M. Mar.

BRONZE, Aluminum—Aust. Min. Stand.
Jan. 16. 700 'w. M. Apr.

BROOKLYN BRIDGE, Electric Motors on
the (I11.)—Elec. Eng. Feb, 12.
M. Apr.

—Terminals, Switching by Electricity at
the (I11.)—Eng. News. Feb. 13. 2300 w.
M. Apr.

—The Reasons Why Electric Motors Will
be Used on the—St. Ry. Jour. Mar.
1800 w. M. Apr.

BROWN, A. . Inaugural Address of—
Gas WId. Feb. 22. 4800 w. M. Apr.

BUILDING and Sanitary Construction—

B. Fletcher. Arch. Lond. Nov. 22, 2500
w. M. Jau.
—A Picturesque Sky Scraper (IlL)—

Arch. Rec. Jan.-Mar. 1700 w.
-—at Berlin, New Cathedral—Am. Arch.

Jan. 18. 1600 w.
—at Leipsic, New Imperial Supreme
Court—Build. Jan. 4. 2000 w.
-—Blocks, Hollow—A. T. Griffin, DBrick.
Feb. 1800 w.
—Blocks, Hollow—E. F. Darnell, Clay.

Rec. Feb. 26. 2700 w. M. Apr.

—Burgos Cathedral (I1l.)—Build. Jan, 25.
2200 w.

—~Construction, Released Ashlar: A Prob-
lem in Ornamentation and (I11.)—J. C.
Pelton, J. Assn. Eng. Soc. Jan, 6000
w. M. Apr.

—~Contracts, The Conditions of—A, A.
Hudson, Paper Surv. Inst. Build. Feb.
22. 3000 w. M. Apr.

—in Chicago, Moving a Stone Church—
Eng, News. Feb. 6. 1200 w,
—Kirkstall Abbey (T1l11.)—Build.

6000 w.

—8tones of the U. 8.—Dr. W. C. Day, J.

Fr. Inst, Feb. 6000 w.

Jan. 4.

—&ee Chimney-Piece. Decoration. Fire-
Proof, TIron Construction. Mosalies.
Filaster Stages.

1000 w.
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BUILDINGS, Arguments for and against
Tall—Arech. and Build. Jan. 18. 2300 w.

-—High—C. H. Blackall, Br. Build. Feb.
3500 w. M. Apr.

—in Cities, Restriction of Height of—
Eng. Ree. Jan. 18, 100 w.

—in New York, High Office (I11.)—Sci. Am,
Sup. Mch. 7. 1000 w. M. Apr.

—in New York, Notable Stone (I11.)—B.

Ferree, Stone. Jan. Serial. Part 1.
1800 w.
—DMunicipal—H. T. Hare, Paper. Arch,

Asen. England. Build Jan, 18. 8500 w.
CABLE Communications with South
Africa—Electn. ,Jan. 10. 1000 w. M.

Mar.
—Coupling, High Tension (I11.)—Eleec.
Rev, Loud. Mar. 20. W, Apr. 11.
—Defenece  3cheme—Snell, Iles. Rev,
Lond. Feb. 14. W. Mar. 7. Elec. Rev.
Lond. Feb. 21. W. Mar. 14. Snell,
Elec. Rev. Lond. Feb, 28. W. Mar. 21.

—Excavator and Conveyor, A Combined
(111.)—Eng. News. Feb. 20 2400 w. M.
Apr.

—in San Irancisco, Doom of the—S. L.

Foster, St. Ry. J. Feh. 1500 w.
—Pacifie—Elec. Rev, Lond. Jan. 24. 'W.
Feb. 15. Eilec. Rev. Lond. Apr. 3. W.
Apr, 25.
—Railway of the Stanserhorn, Swilzer-

land, The Electrie (I11)—Seci. Am. Sup.
Jan. 25. 2200 w.

—-Repair Ships of the World and Their
Work (Il1)—G. Heinsohn, Ind. Rub.
Wid. Jan. 10. 2800. W. Jan. 25. W.

—The Amazon—ZElec. Eng. Lond. Dee, 13.
500 w. 'W.Jan. 4. M. Feb.

—The New French Atlantic—Electn. Dec.
13. 1300 w. W, Jan. 4. M. Ifel.

—Tramway, Brixton (I11.)—Ry. Wld. Jan.
6. 400 w.

CABLEWAY—See Rcpeway.

CALCIUM CARBIDE, Electro-thermal
Chemistry of—W. Elec. Nov. 16. 2200
Ww.

—and Acetylene—Can. Eng. Jan. 2500 w.
Edit. Eng. News. Jan. 30. 2200 w.

—and Acetylene. Hospitalier. I'Ind. Elec.
Jan. 25. W. Feb. 22.

—Plant at Niagara Falls (I11.)—O0. E. Dun-
lap, W. Elec. Jan. 18. 1200 w. W, Jan.
25. Elec. Eng. Jan. 15. P. Feb.

—Plant, The First (I1.)—O0. E. Dunlap,
Min. and Sci. Pr, Feb., 1. 13000 w.

CANAL and Its Transmission to Chicago,
Water of Drainage and Ship—H. S.
Putnam, Paper. A. I. Arch. Elec. Eng,
Jan. 15. 2200 w.
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—Boat Hauling—Electn. Jan. 17. W.
Feb. 8.

—Reopening the Dismal Swamp—MIrs.
Rec. Jan. 24. 3500 w. M. Mar.

—=Some Sanitary Problems Connected with
the Chicago—P. H. Bryce, Can. Eng.
Jan. 2000 w.

—The Chicago Drainage. (I111.)—Stone,
Jan. 1500 w.

—and Navigable Rivers—L. B. Wells,
Paper. Manchester Geog. Soc. Eng.
Lond. Feb. 14. 1400 w. M. Apr.

—~Cost of Ship—H. E. Cottrell, Engng.

Jan, 31. 500 w.

—See Chicago. Channel. Electricity. Nica-
ragua. Railroads. Waterways.

CANDLE POWER, The Development of-—
W. 8. Allen, Am. Gas. Lgt. J. Mar. 9.
9200 w. M. Apr.

CAR, Annual Cost of a Freight—RE. Gard-
ley, R. R. Gaz. Dec. 20. 1800 w. M.
Feb.

—Door, The Development of the Freight—
Ry. Mas. Mech. Mar. 2700 w. M. Apr,

—Equipment, Construction and Mainten-

ance of Railway (I11.)—0. Autz, Serial,
Part 1. Am. Eng, and R. R. J. Jan,.
2000 w. M. Feb.

—TLighting by Pintsch 0il Gas and by
Compressed City Gas Relative Cost of—
Eng. News. Feb. 13. 350 w. M. Apr.

—S8ituation, The Daily—J. R. Cavanagh,
Ry. Age. Feb. 22. 1000 w. M. Apr.

—The McMahon Dump (I1L)—R. R. Gaz.
Feb. 28. 1000 w. M. Apr.

—Wheel Pattern, A Model—Ir. Tr. Rev.
Jan. 2. 400 w, M. Feb.

CARBIDE Industry, Will There Be a—
Dr. W. H. Bil'cnhmore‘ Eng. News. Jan,
30. 5000 w.

—of Uranium—Moissan, I.'Ind. Elec. Feb.
25, W. Mar. 21.
CARBIDES—Mboissan,

10. W, Apr. 4.

CARBORUNDUM—F. A, J.
Cas. Mag. Feb. P. Mar.

—Manufacture of (I1.)—Min. and Sci, Pr.
Jan. 4. 1500 w. M. Feb.

—Manufacture of—0. E. Dunlap, Elec.
Pow. Jan. P. Feb.

CARDIFF. The Coal Ports of the United
Kingdom—(I1l.)—Ir. and Coal Trs. Rev,
Jan. 31. Serial. Part 1. 4900 w. M.
Apr.

CARRIAGE, The LeBlaut Steam Road
(I1L)—Enrng. Tem. 2. 4400 w.

CARRIAGES, American Self Propelle:l
(I11)—Eng. Lond, Nov. 22. 4000 w.

L’Ind. Elee. Mar.

Fitzgerald,

—Ameriecan  Self-Propelled (I11.)—Eng.
Lend. Jan, 3. 4400 w.
—English  Stzam  (I1L)--3W. Fletcher,

Mach. Lond. Feb. 15. 1500 w.

—Mechanically Propelied—Eng.
Mar. 5. \W. Apr. 4,

—of the Gt. Wn. Ry. Composite Corridor
—Ry. WId. Jan. 250 w,

—Road—Eng. News. Feb. 27. W. Mar. 7.

—The Recent Development in America
ol Mechanically Propelled ([iL)—-Eng.
News. [IFeph. 27. Serial. Part 1. 3500
w., M. Apr.

—Some American Motor (I11(.)—Sci. Am.
Teb. 15. 1800 w.

—=See Venicles.

CARS, Brakes and Fenders for Electric—
Q. Smith, Ir. Age. Nov. 21. 800 w.

-—for an Electric Railread, Parlor—R. R.
Gaz. Jan. 24. 400 w.

—-The Question of Large—R. R. Gaz. Mar.
6. 2500 w. M. Apr.

—While in Operation, An Invention that
Keeps Track of—Bos. J. of Com. Dec.
14. 400 w. M. Feh.

CASTINGS—New Meihods of Repairing—
H. Hansen, Foundry. Dec. 1000 w. M.
Feb.

—for Electrical Work—May. Elec. Eng.
TLond. Jan. 24. W. Feb. 15.

CASTING Systems, Slavianoff-——Lohman,
Elec. Eng. W. Jan. 11.

CATHODE Ray. Poinare, L'Ecl, Elag, Dec.
14, W. Jan. 11.

-—Rays. Elek  Zeit. Jan. 30.
P. Apr.

—Ravs. Experiments on and Their Ef-
fecte—Wright, Am. J. of Sci. Mar. W,
Mer. 21,

— —Rays—Jaumann, Electn. Feb. 7. W,
Feb. =9,

-—Reys, New Experiments with—Perrin,
Ele¢. Eng. Feb. 26 W. Mar. 7.

—Rays New Properties of—Derrin, L'ind.

M. Apr.
News.

W. Feb. 22.

Elec. Jan. 25. W. Feb. 22. Elzetn.
Feh. 14. W. Mar. 7.

—Rays,~ Present ldeas Concerning—
Guillaune, La Nature., Feb. 29. W.
Mar. 28,

—See Raya.

CATHODOGRAPHIC Experiments (111.)—
Elihu Thomson, Elec. Eng. Feb. 12,
1200 w,

CATHODOGRAPHS by the Discharge of
Leyden Jars and Other Disruptive Dis-
charges of Static Klectricity. (I11.;}—W.
J. Morton, Elec., Eng. Feb. 12. 800 w.
M. Apr.
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-—by Prof. Wright of Yale—Elec. Eng.
Feb. 5. 800 w. P. Mar.

CELL and Its Modifications, Leclanche
Primary—Warren, Elec. Eng. Lond.
Nov. 15. P, Jan.

—=Studies on Voltaic—Goodwin, Tech.
Quart. July. W. Dec. 14.

CELLULOSE for Warships Corn Pith—
Eng. News. Nov. 7. 900 w. M. Dec.
‘—The Massden Corn Pith—IL. Nixon J.

Fr. Inst. Mar. 3300 w. M. Apr.

CEMENT and Cement Mortars—T. T.
Johnson, J. W. Soc. of Engs. Jan. 2800
w. M. Apr.

—and Its Uses—A. Noble, J. W. Soc. of
Engs. Jan. 800 w. M. Apr.

-—Qualifications of Portland—J. W. Dick-
inson, J. W. Soc. of Engs. Jan. 1200
w. M. Apr.

—S8pecifications, Requirements for Tensile
Strength in—J. M. Porter, Eng. News.
Mch, 5. 2800 w. M. Apr.

—Tests, American Portland—R. R. Gaz.
Feb. 14. 400 w. M. Apr.

CEMENTS, Relation between Tests and
Use of Portland—W. S. MacHarg, Arch.
Jan. 4500 w.

CENTRAL STATION, Cologne—Feldman
and Froitzheim. Elec. Eng. Lond. Jan.
24, P. Mar. W. Feb. 15.

—~Costs—Elec. Lond. Mar. 13.  W.
Apr. 4.

—Curves—Electn. Feb. 14, W, Mar. T.

—Economics—Abbott and Dommerque,
Elect. Engng. Nov. Serial. Part 1
3000 w. M. Jan.

—Economies—I., L. Summers, W. Elec,
Feb. 8. 5000 w. M. Mar

—Economy—W. HElectn. Apr.11. W.
Apr. 11,

—Statistics in Germany—Electn. Lond.
Mar. 20, W. Apr. 11.

—Working—A. W. Rathburn, Elec, Wid.
Feb. 1. P. Mar.

—Working (I11.)—C. C. Poole, Elec. Wld.
Jan. 4. Serial. Part 1. 2200 w. P.
Teb. M. l'¢b.

—Working—E. B. Newcomb, Elec. Wld.
Feb. 15. P, Mar.

—Working—G. I. Thayer, Elec. WIld.
Jan. 17. P. Mar.

—Working—H. W. TIrund, Elec. WId.
Feb. 1. P. Mar.

—Working—I. P. Lord, Elzc. Wld. Feb.
8. P. Mar.

—Working. IX.—J. B. Cahoen, Elec. Wla.
Feh. 22.

—Working. X.—W. J. Green, Elec. Wld.
Feb. 29.

—Working—J. B, Foote, Elec. WId. Jan,
11. P. Feb.

CENTRAL STATIONS for Light, Power
and Railways., Kallmann, Elek. Zeit.
Dec. 12, W. Jan. 18.

—in France, Jan. 1 ’96, Statistics of—
I’ Ind. Elec. Jan, 25. W. Feb. 22. P.
Apr,

—in Germany—Elek. Zeit, Mar. 5. W.
Mar. 28.

—The Better TUtilization of—Dr. Rasch,
Elec. Rev. Lond. Jan. 17. 2000 w. M.
Mar. W. Feb. 8. P. Feb.

CHAINING Slopes, New Method of—J. C.
I. Leskard, Eng. News. Jan. 23. 700 w.
M. Mar.

CHANNEL, Birmingham and Bristol (I11,)
—Eng. Lond. Jan. 24. 1000 w.

CHARCOAL Furnaces, Most Modern of
(I11.)—Ir. Tr. Rev, Jan. 2. 1900 w. M.
Feb.

CHEMICAL Change and the Conditions
which Determine It, Nature of—Arm-
strong, Electn. Feb. 8. W. Febh. 29.

CHEMISTRY as a General Education—P.
T. Austen, Sci. Am. Sup. Feb. 22, 5200
w. M. Apr.

CHURCH Moving Operation, A Notable
(I1L.)—from Carpentry and Building. Ir.
Age, Jan. 9. 1200 w. M. Feb.

CHIMNEY at Manchester, The Demolition
of a Mill—Eng. Lond. Feb. 28. 1200
w. M. Apr.

—Disaster at Burnley, The (Ill.)—Eng.
Lond. Feb. 7. 4000 w. M. Apr.

—Fiece, The (I1l.)—Arch. Lond. Jan. 3.
1200 w. M. Mar.

CIRCUIT Breakers vs. Fuses—llarring-
ton, Elec. Ry. Gaz. Feb. 29. W, Mar.
21.

CIRCUITS Possessing Self and Mutual
Inductance, Resistance and Capacity,
Resonance on—A. S. Dunstan, Elec,
Wld. Jan, 18. 1200 w. M. Mar.

—See Induction.

CLAY, Burning of—T. Townsley, Clay.
Rec. Jan. 29. 3000 w. M. Mar.

—Deposits—See Kaolin.

—Red Plastic Fire—C. Ferry, Ir. Age. Jan.
15, 1500 w.

—The Preparation of—W. A. Eudaly, Clay
Rec. Feb. 26. 2200 w. M. Apr.

—Workers, Measurements of High Tem-
perature for—E. Or‘ton’ Jr. Brick, Mar,
4000 w. M. Apr.

—Workers' School, Why I am Attending
the—E. E. Gorton, Clay. Dec. Feb. 26.
2000 w. M. Apr.
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The FALK GAST-WELDED JOINT

Makes an absolutely continuous Rail of the track, and
without the sign of a joint on the tread of the rail.

With it the ideal track is happily realized.

It has withstood a temperature variation of from
100 degrees above zero to 24 bzlow, and
has been adopted and is unqualifiedly
endorsed by
The Chicago City R’y Co., Chicago.
The West Chicago Street R’y Co., Chicago.
The Cicero & Proviso Street R’y Co., Chicago.
The Citizens’ Railway Co., St. Louis.
Baden & St. Louis R. R. Co., St. Louis.
Cass Ave. & Fair Grounds R’y Co., St. Louis.
The Consolidated Traction Clo., Newark, N. J.
The Twin City Rapid Transit Co., Minneapolis.
Union Railway Company, Providence, R. I.
Citizens’ Street Railway Co., Memphis, Tenn.

As a money saver and money earner it’s.

unquestionably the very best investment a street railway company can make.

FALK MFG. COMPANY,

. Correspondence Solicited.

VAN VELZER &
SLICHTER'S __——

University Algehra, 732 p. $2.00
School Algebra, - 1.00
FourPlace LogarithmicTable .80

VAN VELZER &
SHUTT'S

Plane and Solid
Suggestive Geometry $1.28

Plane Suggestive Geometry .70
Solid Suggestive Geometry .75

TRACY, GIBBS & CO.,
Publishers.

Madison, Wis.

MILWAUKEE, WIS

KUHLO & ELLERBE,

ga@ Engineering
Y Mnstruments.

&=

Solid Silver (Circles.
Aluminum Standards.

Cur Instruments embody
every late improvement of
practical value % d ddd

A
Draughtsmen’s Supplies
Of every description,

156 E. Third Street,
St. Paul, IMinn.

Please mention Wisconsin Engineer when you write.
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CLOCK, Alternating Current Elek. Zeit.
Jan, 30. W. Mar. 7.

CrLucKS, Electrically Controlled—J. War-
ren, Elec. Lond. Febh. 21. 600 w.

CLLUB House {or Motormen and Con-
ducters at Derby, Conn. St. Ry. J. Feb.
700 w.

COAL, Adhesive Properties of—M. L.
Campredon, Col. Guard. Jan. 10. 500 w.

--Basin, The New Spanish—F. Laur, Col,

Guard. Feb. 28. Serial. Part, 1. 2800
w. M. Apr.

—Burning Powdered (I11,)—Col. Guard.
Jan, 24. 5000 w.

—Combustion of Powdered (Il1l.)—Engng.
Jan, 17. 700 w.

-—Field, The Loop Creek, W. Va.—Col.
Eng. Jan. 1000 w.

—Fields of France—Col. Guard. Fenh. 7.
1100 w. M, Apr.

—for Belgium, American—Con. Rept. Jan.
«v.. W, M. Apr.

—for Steam Boilers, Smokeless Firing and
Powered—Ind. and East Eng. IFeb. 8.

600 w. M. Apr.

--Industry, The German Brown—M.
Fiebelkorn, Am. Mfr. and Ir. Wld. Oect.
18. 1300 w.

—in Hcppers at Batiersea, Storage of—
Eng. Lond. Feb. 14, 1100 w. M. Apr.
—Interests of the South. (I1L.)—J. J. Orms-
bee, Tradesman. Jan. 1. 6000 w. M,
Teb.,

—in the Districts South of the Zambesi.
Exypedilion in Search of-—C. J. Alfcrd,

Min, Jour. Ieb. 22. Serial. Part 1.
240060 w. M. Apr.

—Mines, The Air of—F. Clowes, Col.
Guard. Jan. 31. 700 w. M. Apr.

—Mines, The Corral Hollow (I11.)—Min.
and Seci. Pr. Feb. 29. 200 w.

COAL MINING, Ancient—W. H. Mungall,
Eng. and Min. J. Feb. 15. 1500 w. M.
Apr.

CCAL Pockets for a Manufactory (Ill.)—
Eng. Reec. Feb. 15. 700 w.

—8creening and Washing Plant, A Large
(I11.)—Cel. Guard. Feb. 14, 1400 w. M.
Apr.

—~8pontanesus Combustion of—Col. Guard,
Jan. 10. 900 w.

—The Practical Determination of the
Pinding Power of—L. Campredon, Ind.
and Ir. Feb. 28. 800 w. M. Apr.

—The Practical Determination of the
Binding Power of—I.. Campredon, Ind.
and Ir. Feb. 28. 800 w. M. Apr.

COALS, The Comparative Efficiency of
West Virginia—J. W. Paul, Eng. and
Min. J. Mar. 800 w. M. Apr.
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COALLESS Cities—F. B. Crocker, Cas.
Mag. Jan. Elec. Jan. 15, '96. P. Feb,
CODE ¢f Engineering Ethics Adopted by
the Can. Soc. Civ. Engs.—Eng. News.

Feb. 13. 1500 w. M. Apr.

COIL, Computation for Windings—Baker,
Elec. Rev., Mar. 4. W. Mar. 21,

COKE for the Foundry—T. D. West, Ir.
Tr. Rev. Feb. 13. Serial. Part 1. 1400
w. M. Apr.

—QOvens, Recovery of By-Products and
Utilization of Waste Gases in—Ir. and
Ccal Trs. Rev, Jan, 31. 2000 w. M.
Apr.

—Ovens with Recovery of By-Products,
Semet Solvay—R. M. Atwater, Paper,
Ohio In. Min. Eng. Ir. Tr. Rev. Jan.
30. 5000 w,

--Eee Fire Frame.

COKING in Upper Silesia—M. Gouvy, Am.
Mfr. and Ir. WId. Feb. 21. 1500 w.

—Notes on Improved Methods of—J. S.
Kennedy, Tradesman. Dec. 15. Serial.
Part 1. 3000 w. M, Febh.

COLD-STORAGE Rooms in the Reading

Terminal (I111)—Eng. Ree. Jan. 4. 1800
w. M. Feb.

COLLEGE, The Bradford Technical—
Engng. Jan. 3. Serial. Part 1. 1800

W.

COMMUTATOR Segments, Table for De-
termining Sizes of—Elect, Ry. Gaz. Feb.
8§ M, Apr W. Feb. 22,

COMPLEX Quantities and Vectors, in Al-
ternating Current Work, Elements of

— 7. J. Dommerque, Elec. ling. Feb. W.
Jan, 4.

CCMPRESSEED AIR at Seventy-Seven
Pounds Per Square Inch—R. R. Gaz.—
Dec. 27. 500 w. M. Feb.

—Power Transmission Plant in California
(I11.)—Eng. News. Dec. 19. 800 w. M.
Feb.

—The Growing Field of—H. A. Pedrick,
Ir, Tr. Rev. Jan. 2700 w. M. Feo.

CONCRETE, A French Lighthouse Tower
of—R. R. Gaz. Mar, 6. 2500 w.

—Experiments on the Elasticity of—C.
Bach, J. W. Soc. of Engs. Jan. S00 w.
M. Apr.

—The Manufacture of—R. F'. Tucker, Br.
Build. Feb. 1000 w. M. Apr.

—Water in—A. S. Cooper, Eng. and Con.
Dec. 20. 600 w. M. Feb.

CONDENSER Analogy—Elec. Rev. Lond.
Feb. 21. W. Mar. 14.

—A New Self-Cooling—Eng. News. Mar.
5. 900 w. M. Apr

CONDENSERS, Designs of—H. Smith,
Smith, Elec. Pow. Feb. W. Mar. 7.
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—Note on the Design of—H. B. Smith,
Elec. Pow. Feb. 3600 w. M. Apr. P.
Mar. W. Mar. 7.

—See Water.

CONDENSING Plant at Elect. Light
Works, Forth Banks, Newcastle, On the
Surface. (I1L)—W. Cross, Paper. N. E.

Ccast I. Eng. and Shipb’lds. Ind. and
Ir. Jan. 24. 2000 w.
—Water, The Continuous Use of (IlL)—

—Power. Mar. 2200 w.

CONDUCTIVITY of Alloys, Electric and
Thermal—Von Aubel and Paillot, Ab-
stract. Pro. Phys. Soc. Feb. W. Mar.
14.

—of Cement and Concrete—Lindeck, Elek.
Zeit. Mar. 19. W. Apr. 11

CONDUCTORS, “Unduly Heated"—Elec.
Age. Feb. 1. W. Feb. 15. P. Mar.

CONDUIT, Capacity of the East Jersey
Water Co.—R. Hering, Eng. News. Jan.
23. 1800 w. M. Mar.

—Construetion—St. Ry. J.
Dec. 21.

—Construction on Amsterdam Ave. New
York, Electric—St. Ry. J. Jan. 800 w.
M. Febh. 4

——for Leeds, England, Enclosed—Elec.
Rev. Lond. Jan. 17. P. Mar. W. Feb.

—of Paris—Eiec. Ry. Gaz. Jan. 25. W.
Feb. 8.

CONDUIT—See Railway.

CONDUITS, Cast Iron and Stoneware—
Elec. Lond. Mar. 13. 'W. Apr. 4.

-—Iron—Dobbs, Elec. Eng. Apr. 8. W.
Apr. 18.

CONSTRUCTION and Erection of a N. Y.
Pier Shed (I1L.)—Eng. Rec. Jan. 1%,
500 w.

—-Slow Burning and Fire-Proof—D. Adler,
In. Arch. Jan. Serial. Part1. 3500 w,

CONTRACTOR’S Fair Profit—J. H. Burn-
hawm, Pav. and Mun. Eng. Mar. 2300 w.
M. Apr.

—Peints for Young—D. G. Baxter, Can.
Arch. and Build. Jan. 2500 w.

CONTRACT Work not Always Advisable
—Eng. Rec. Feb. 15. 900 w. M. Apr.

Dec. W.

CONTROLLER, Current—Adams, Elec.
Age. Feb 22. W. Mar. 7.

CONTROLLERS—I/Ecl. Elec. Dec. 14.
W. Jan. 11.

—8ystems of—Fischinger, Elek. Zeit, Apr.
2. W. Apr. 25.

—~See Ore.

COOLING Closed Rooms—H. Eisert,
Paper. A. 8. Heat and Vent. Eng. Heat
and Ven. Feb., 6000 w. M. Mar.

COPENHAGEN, Freeport of—P. Vedel,
Eng. Mag. Feb. 2500 w. M. Febh.

-
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COPPER—N. Dawson, Paper, Arch. Assn,
Builder. Feb. 1. 9000 w. M. Apr.

—Industry of the United States—J. Doug-
las, Ir. Age. Jan. 2. 4500 w. M. Feb.

—Mining at Lake Superior—J. Stanton,
Ir. Age. Jan. 2. 3000 w. M. Febh.

— Production, Cost of—Edit. Eng. and
Min. J. Jan, 11. 3900 w. :
—Refining by Electricity—H. C. Garneau,
Tlee. Age. Dec. 14, 1200 w. Min. and

Sci, Pr. Dec. 28. 900 w. M. Feb.

—See Gold.

CORNELI, TUniversity, Entrance Require-
mernts, LEndowments and Scholarships
atl-——R. H. Thursicn, Am. Mach. Mar.
5. AR00 w.

CORUNDUM of the Appalachian Crystal-
hne Beltl—J. V. Lewis, Tr. A, I. Min.
Eng. IFeb. 20000 w. M. Apr.

COST of Castings, Itemized—R. Grim-
shaw, Mach. Mar. 1400 w.

COTTAGE Design (Ill)-—A. M. Reed, il
Car and Build. Feb. 2». 48000 w. M.
Apr.

COUNTERSINKING in the Shipyard—R.
H. Muir, Paper. Northeast Inst. Engs.
and Shiph'ld’s. Engs. Gaz. Feb, 1300
w. M. Apr.

COULPING, An Air-Tight Dummy (ill.)—
Ry. Rev. Jan. 18. €00 w.

CRANE, A Giant Electric (11l.)—Elec.

Rev. Dec. 1200 w. M. Feb. W. Dec:. 21,
—Gas Motor ([11.)—C. Jimels, Pro. Age.
Mar. 1. 1800 w. M. Apr.

‘~—Notes on the Traveling—C. L. Griffin,

Am. Mach. Dec. 12. 3000 w.

—Traveling—Elee. Rev. Jan. 1.
11.

—See Electrie.

CRANES—Richards, L’Ecl. Elec. Dec. 14.
W. Jan. 11.

CRIPPLE-CREEK Goldfield—J. A. Rick-
ard, Aust. Min. Stand. Jan. 4. 1590 w.
M. Apr.

—See Geology.

CROOKES, William (I11.)—Sci. Am. Feb,
15. 900 w.

(CROSSINGS, Some Notes on—H. C.
Hcover, Min. and Sci. Pr. Feb. 29, 1200
w., M. Apr. -

CROSS SECTION Paper in the Shop. W.
). Webber, Am. Mach. Mar. 5. 800 w.

(ROSS-TIES, Econcemy in the Selection,
Use and Renewal of-—H. G. Hetzler, Ry.
Age, Dee, 20, 3300 w. M. Feb.

——Wooden— . W. Church, Ry. Age. Dec.
26, 1700 w. M. Feh. o

—--3ee Dry.

M. Feb.
W. Jan.
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KING'S

Exhaust and Water Separator.

REMOVES ALL REMOVES ALL

OiL WATER
FROM FROM
EXHAUST. LIVE STEAM.

Six of these sepamtms are in use in the University of
Wisconsin Buidings.

Three Separations, No Back Pressure. Satisfartion Guaranteed,

Send for circulars and prices to

KING & WALKER CO., Mfrs.,
623 E. Main Street,
Madison, Wis,

.‘*A&\..J@@H‘g E@Yf@[_&&gj
BUILT o

Manufactured by
Dadger Cycle Company, Madison, Il/is.

Please ention Wiseonsin Eagineer when you write.
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LULM at Scranton, Utiiization of Antihra-

cite—Eng. News. Dec. 26. 1800 w. M.
Feb.
CUPOLAS Ruilt Right, Are Our—J. Petti-
grew, Found, Dec. €00 w. M. Fab.
CURRENT in an Aluminum Wire, Action
of a—W. Elec. Dec. 28, W. Jan. 4.

CURRENTS, Earth Return—Capp. Elec.

Rev. Lond. Feb. 28. W. Mar. 2L

~-for Long Distance Trangmission, Di-
rect vs, Alternating. W. Baxter, Jr,
Elec. Eng. Dec. 4. Serial. Part 1.
2500 w.

—High Frequency, Action of ¢n Bacterial
Toxines—D’Argonval and Chanin, I/Ind.
Elec. Feb. 25. W. Mar. Z1.

—onn the Earth’s Surface, On the Distri-
bution of—K. Strecker, RElek. %eit,
Feb. 13,

—through the Karth’s Surfaces, Distribu-
tion of—Strecker, Elek. Zeit. Feb. 13.
W. Mar. 7.

-—Vertical Earth Air—Rucker, Phil. Mag.
Feb. 'W. Feb. 22.

CURVE Indicator—Lutoslawski, Rlek.
Zeit, Apr, 2. W. Apr. 25,

CYANIDE in Gas Works, The Production
of (Ill.)—Arm. Mfr. and Ir. Wld. Mar. 6.
700 w. W. Apr.

-~Patent, How Germany Cancelled the—
G. G. Turri, Aust. Min. Stand. Jan. 30,
2400 w. M. Apr.

CYANIDE PROCESS at Bodie Mines,
Treatment of Tailings by the—T1. H.
Leggett, Paper. Inst. Min. and Metal.
Min. J. Jan. 4. 400 w.

—in Metallurgy—Elee. Rev. Lond. Feb.
21.  'W. Mar, 14,

CYANIDE—See Gold.

CYLINDRICAL: Shells, Strength of—E.
Keelhoff, Engng. Jan. 17. 1800 w. M.
Mar.

DAM for Water-works of City of Rem-
sceid, Germany, Curved Masonry—Eng.
News, Jan. 30. 1500 w. M, Mar.

—in the So. Yuba River, The Nevada
County Electric Power Co’s. (I11.)—Min.
and Sci. Pr. Feb. 8. 500 w. M. Apr.

—of Bowzey, Failure of the Great—Eng.
Lond. Jan, 17. 3600 w. M, Mar.

DAMS, Location and Construction of (I11.)
—J. B, Johnson, Eng. Mag. Jan. 4500
w. M. Jan.

—Notes on High Masonry—J. D. Van
Buren, Tr. Am. Soc. Civ. Eng. Dec.
8000 w. M. Feb.

—See Tlood Protection. Timber.

DECORATION, Origin and Styles of
Pompeiian—Am. Arch. Jan. 11. 3000 w.

DEMAGNETIZATION Factors for Cylin-
drical Rods—C, R. Mann, Phys. Rev.
Mar.-Apr, 2500 w. P. Apr.

DERRICK at Avondale Marble Quarries,
100 Ton (Ill.)—Eng. News., Jan. 23.
800 w.

DESIGN, Evolution of—Edit, Build, Feb.
8. 2800 w. M., Apr.

DESTRUCTORS—Elec, Rev. Lond. Dec.
13. W. Jan, 4.

—Dust—Manville. Elec. Lond. Dec. 20. W.
Jan, 11.

—See Dust.

—The Bath Refuse (I11.)—Engng. Jan. 3.
1300 w.

DETROIT Municipal Plant Figures, The
—A. Dow, Iilee. Eng, Jan. 2. P. Mar.
DEWAR'S Apparatus for Liguilying Air
and Oxygen (Ill.)—Engng, Feh. 21. 200

w. M. Apr.

DIELECTRIC Constants, Measur2ments=
of —Nernst Electn. Feb. 21. W. Maz. 14.

—Constants—Silberstein, Electn, Dec. 27,
W. Jan. 18.

—Resistance—Drude, Electn. Feb. 21. W.
Mar. 14

~-Strength of Oils uncer Allernating Po-
tentials—I. Thompson, Elec. Eng. Feb.
12, 1300 (w. M. Apr. P. Mar.

DIELECTRICS, Energy l.osses in—Elec.
Rev. Lond. Dee. 27. 1200 w. W. Jan,
18. M. Feb.

DIRECT and Alternating Currents, A
Differential Method of Comparing—-J.
E. Boyd, Elec. Eng. Feb. 5. P. Mar.

DISCHARGE, Globular—Elec. Rev. Lond.
Apr. 3. W. Apr. 25,

DISCHARGES, Action of Ultra-Violet
Light on—Swyngedauw, IL’Ind. Tlec.
Feb. 10. W. Mar. 7.

—Disintegration of Organic Tissue by
High Tension—Elec. Rev. Feb, 14. W.
Mar. 14.

—Investigated by Means of Stereoscopic
Photography—Hirnes, Elec. Eng. Feb.
26. W, Mar. 7.

—through Poor Vacue, On Electrical, and
on Ceronoidal—Pupin, Elec, Age, Mar.
28. W. Apr. 11.

DISCHARGING Positive Eleetricity by
Means of Light—Elster and Geitel,
Elek. Zeit. Feb. 27. 'W. Mar. 21. .

DISCIPLINE on the Louisville and Nash-
ville—R. R. Gaz. Mar. 6. 1500 w. M.
Apr.

—without Suspension—G. R Brown, Loc.
Engng. Jan, 4800 w. M. Feb.

DISINFECTING—See Electric.
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Fred 1. Prescait Steam Pump &0, —

Manufacturers of _ ___———

STEAM PUMPS "~ ., (v

Independent Air Pumps,
Mining Pumps,

Feed Pumps,
Condensers

237-243 OREGON STREET,
MILWAUKEE, WIS.

Supplies and WApparatus.

CAMERAS and KODAKS °%All .. Special Prices.

]Dbotograpbic .

Treleaven Optical Co.,
82 State Street, Chicago.

Please mention Wisconsin Ingincer when you wirite.
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LDISINFECTION, Practical—E. F. Wil-
loughby, San. Rec. Dee. 6. Serial. Part
1. 1300 w. M. Feb.

DISTILLATION, Destructive—R. Tervet,
Gas. Wld. Jan. 18. 2400 w. M. Mar.
DOCK Gates and Pumping Machinery—

Trang. Nov, 1. 2000 w.

—No. 3 at N. Y. Navy Yard, Timber Dry
(I11.)—Sci. Am. Feb. 1. 1160 w,

DOCKS of the Great Lakes, Notes on Dry

—A. V. Powell, W. Scc. Lngs, Jan.
3500 w. M. Apr.
—at Portsmouth, The Two New (LL)—
Eng. Lond. Feb, 21. 3300 w. M. Apr.
—Barry—Engng. Jan. 31. 4500 w. M.

Apr.

—See Electrical, Water Front.

DOCTETUR System—=See IFireboxes.

DOORWAYS of the Cathedral of Mayence
(Iill.)—A. B. Bibb, Am. Arch. Feb. 22.
1500 w. M. Apr.

DRAINAGE and Scwage Disposal Works
at Fast Molesey--Engng. Dee. 20. 2000
w. M. Feh.

— Districts, T.ocation and Alignment oi—
D. L. Braucher, 10 An. Rept of Il Soc.
of Eng. and Survey. 700 w. M. Jan.

—Farm—J. Cownie, Clay. Rec. Feb. 1I.
1800 w. M. Apr. Brick, Mar. 3300 w.

— Laws—J. A. Williams, Brick. Mar. 4000
w. M. Apr.

—of Fublic Highways, Needed Legislation
on the—R. B. McGowen, Brick. DMar.
1100 w. M. Apr.

—System of Newton, Mass.,, The Sewage
and Subsoil (I11.)—G. M. Warren, Eng.

News. Jan., 2. 4000 w. M. Feb.
DRAUGHTING Room, Hints for the—

—W. S. Huyvette, Mach, Mar. 1200 w.
DRAUGHTS, Comparison of Mechanical —
—J. Thom, Paper. Inst. o Engs. and

Shipbh’lds, Engs, Gaz. Feb. 4000 w. M.
Apr.

DRAWBRIDGE, An Ttalian—Eng. News.
Feb, 20. 450 w. M. Apr.

—Harlem River—Description of—Eng.
Rec. Jan. 25. Serial. Part 1. 1400 w.

M. Mar.

—Over the Harlem River, The N. Y. Cen-
tral Four-track (II1)—R. R. Gaz. Feb,
21. 2700 w. M. Apr.

—over TFrankford Creek, Phila. (I1L)—R.
R. Gaz. Feb. 7. 1500 w. 1. Mar
DRAWBRIDGES, Protection of—St,

Rev. Jan. 15. 1000 w.

DRAWING Office Method—R. R. Car J.
Nov. 600 w.

—Room, The Gates Iron Works (I11)—J.
Randol, Am. Mach. Jan. 16. 2200 w.

Ry.
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DREDGE, A Great—Mrf’s.
1000 w. M. Feb.

—An Enormous Suction—Eng. Rec. Dec.
14, 1800 w. M. Feb.

—for Digging Phosphate Rock, A Dipper
(I11l.)—Eng. News., Feb. 6. 400 w. M.
Mar.

DRYING Clay Goods.by Hot Floor Sys-
tem—C. J. Holman, Clay Rec. Feb, 12,
1300 w. M. Apr.

DYNAMITE in Blast Furnace Practice
(I11.) Ir. Tr. Rev. Feb.13. 900 w. M.
Apr. .

—DManufacture, Use and Abuse of—H. A.
Lee, Eng. and Min. Feb. 22. 1600 w.
M. Apr. 1

DYNAMO and Motor Testing—R. A.
Ross, Am. Mach. Mar. 5. 2200 w. M.
Apr.

Rec. Dec. 13.

—Design—E. B. Merrill, Eng. Soc. of
Sch. of Prac. Sci. No. 8. 6500 w.

—Design, Principles of—N. Harrison,
Elee. Wid. Jan. 4. P. Mar.

—Fields, Method of Detecting Weak—
Speed. Rose Tech. Nov. W. Dec. T.
Elec. WId. Jan. 1J. 600 w. Am. Gas
Lgt. J. Jan, 27. P. Mar. M. Mar.

— Graphical Method for Studying the Ae-

tion of the Compound—Place. Rose
Tech. Mar. W. Apr. 4.

—The Building of a Great—H. L. A. Am.
Mach. Mar. 5. 170¢ w, M. Apr. P.
Apr.

—The Compcund—G. T. Sever, Elec.
Pow. Jan. 23090 w. DMar., P. Feb.

DYNAMOS, Commutatorless (T1L)—T.

" Whitcher, Elec. Eng. Lond. Jan, I7.
1800 w. M. Mar. P. Mar. W. June 17.

—Des'gn of—Mr, Sever, Elec. Power.,
Mar, W, Apr. 4. Pederson, Elec. Pow,

Mar, W, Apo 11.

—Duschea System of Charging the Fields
of Lerge—IElec., Eng. Jan. 22. 1000 w.
M. Mar. W. Feb. 1.

—Iron-Clad Arc—Elec. Eng. Mar. 4. Elec.
Bev. Mer, 4, W. Mar. 21.

—Recent—Elect. Rev. Lond. Mar. 20.
Apr. 11.

—Wegtern Electric Tron Clad Are (I1.)—

W.

Elec, Eng. Mar. 4. 2800 w. M. Apr.
EARTH Return Circuits—Rasch, Elek.
Zeit. Jan. 16. W, Feb. 15.
—Return  Currents—Kapp, Elek. Zeit.
Jan. 16. W. Feb. 15.

EASEMENT Curves in the Race Track—
L. L. Braucher, 10 An. Rept. Ill. Soc.
Eng. and Surv. 1100 w.
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ON PRIMARY

Long Life.
2. Efficiency.
3. Economy.
4. Adaptability.
5. Itis Absolutely Non- _
Excels in- . 6. Labor Saving. EeEsig
7. Free From Local Action.
8. Freedom from Gases
and Odors.
. 9. Supezrior Gencration of
\ Energy.

These Batteries are in use by the most prominent Tele phc:no, Fire Alarm and Railway
Companies of America. Send for descriptive Circular and Price List.

WE GUARANTEE ALL OUR GOODS.

Western Sales Agents,

METROPOLITAN ELECTRIC CO,
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EDISON Effect, The—Fieming,
Apr. 3. W. Apr. 25,

EDUCATING too Many to be Electricians,
Are We—H. Floy, Eng. Mag. Jan. 2700
w.

ELECTRICAL Casting, Welding and
Soldering, Zerener’'s Method of (ITl.)—
from Electro Zeit. Elec. Eng. Lond.

Electn,

Feb. 7. 1100 w. M. Apr, W. Feb. 29.
P. Apr.

—Development in the South—Tradesman.
Jan, 7500 w. M. Feb.

—Discharge of Gases, Researches of M. O,
Lehman on—M. Lamotte, [’Ecl. Elec.
Nov. 23. P. Feb.

—Drying of Fruit, The—Electn. Feb. 28.
W. Mar. 21.

—Energy Direct from Coal—Cozhen, Elek,
Zeit, Mar. .19 W. Apr. 11.

—Energy from a Central Station, Distri-
bution of—W. C. L. Eglin, Abstract
Paper. Eng. Club of Phil. Am. Gas
Lgt. J. Jan. 20. 1200 w. M. Mar. P,
Feb.

—Energy, The Direct Production of—Dr,
L. Duncan, Cas. Mag. Jan., W. Jan. 18.
P. Feb.

-——Equipment of Hammerstein’s Olympia,
Elec. Eng. Mar. 4.

—DMatters at Niagara Falls—Dunlap. Elec.

WIid. Jan. 4. P. Feb.

-—Measurements, A Systematic Treatise
on (IIl.)—H. C. Parker, Elec. Pow. Jan.
Serial. Part 1. 3000 w.

—Plant, A Theatre—Elec, Wld. Mar. 7.
1400 w. M. Apr.

—Progress, A Year's—C. G. Armstrong,

W. Elec. Jan, 11. 3400 w. M. Mar.

—Propulsion on the Erie Canal—C. R.
Barnes, (Official Report.) W. Elec.
Jan. 11. W. Jan. 25. P. Feb.

—Rolling Stock, Inspection of—C. .
Uebelacker, Elee. Ry. Gaz. Jan. 4.
1200 w,

—Strabismus, Am. Mach. Feb. 20. P. Apr.

ELECTRICALLY Operated Factories—
R. E. B. Crompton, Cas. Mag. Jan, W.
Jan. 25. P. Febh. :

ELECTRIC Arc, Discovery of—Smirneft,
Electn. Feb. ?8. W. Mar. 21.

—Are Welding—M. H. Handy, Elec. Pow.
Jan. 500C w, W. Feb. 1. P. Feb. M.
Mar.

—~Cable Road at the Stanserhorn, Switzer-
land—W. Electn. Jan. 11. P. Feb.

—Driving at the Works of--Wm. Whar-
ton, Jr. & Co. Ine. Phil—Am. Mach.
Feb. 13. 1400 w. M. Apr.
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—Iish—D’Arsonval,
Feb. 14. W. Mar. 7.
—Haulage, Undergound—Engng. Jan. 25..

Elec, Eng., Lond.

Min. J. Jan. 25, P. Mar.
—Heating, Application of—IZlectn. W.
Jan, 18.

—Illuminating Co. of New York, Edison
(I1.)—Jos. Wetzler, Elec. Eng. Jan. 8.
16000 w, M. Mar. P. Feb. W, Jan, 25.

—Lighted Life Buoys—J. H. Bates, Elec.
Rev. Feb, 12, 1100 w, M. Apr. P.
Mar. J. W. Henry, Elec. Pow. Sept.

—Light Mains, Economical Current Dens-
ity for-——Whitcher, Electn. Mar. 27. W.
Apr. 18.

—TLight Plant at Chamberlain, S. D. Oper-
ated by Artesian Well Power (I11.)—W.
Elec. Mar. 7. 1300 w. M. Apr. P. Apr.

—Light Plant, Detroit Municipal—J. T.

Ayer, Elec. Eng. Jan. 15, P. Feh.
ELECTRIC LIGHTING Acts, 1882 and
1888—Eng. Lond. Feb. 7. 4800 w. M.

Apr.

ELECTRIC Motive Power on the Illinois
Central, Prospect of—J. F. Wallace,
Am. Eng. Jan. 96. P. Feb. W. Jan. 18.

—Motor, Selecting an—G. H. Zahn, W.
Elec. Jan. 18, 2300 .w. P. Feh., W.
Jan. 25.

—DMotors, Individual—Oberlin  Smith,
Elec. Pow. Feb. 3600 w. M. Apr. P.
Mar. W. Mar. 7.

—Plants in the U, S., Water Power—B. C.
Washington, Jr., Elec. WId. Mar. 7.

3000 w. M. Apr. P. Apr.

ELECTRIC POWER for Railroads—H. J.
Ryan, Sib. J. Eng. Jan. 1300 w. W.
Feb. 1. :

—in the Iron and Steel Industries, Econ-
omy of—Ir.& Coal Trs. Rev. Jan. 31.
Serial. Part 1. 2000 w. M. Apr.

—Station System, Arnold (I11.)—Elec.
Wild. Jan. 25. 2000 w. M. Mar.

—Transmission of Niagara (I11.)-—0. E.
Dunlap, W. Elec. Feb. 8. 1800 w. W.
Feb. 15.

ELECTRIC Propulsion on the Erie Ca-
nal, Official Report on—W., Elec. Jan..18.
2200 w.

ELECTRIC RAILWAY—Hill, Elec. Ry.
Gaz. Jan. 4. W. Jan. 25.

—Apparatus, Repair of (I11.)—W. E. Shep-
ard, Elec. Ind. Jan. Serial, Partl. 1200
w.

—Conduit—S8t. Ry. J. Feb. 1700 w. M.

Mar. P. Mar. W. Feb. 29,
—Express (I11.)—S8t. Ry. Rev. Jan. 15.
700 w,
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—Passaic & Newark—Eng. News. Jan, 9.
1300 w. .

—Practice in the United States—St. Ry.
J. Jan. 10400 w. M. Feb.

—8chuylkill (11l.)—Elec. Ry. Gaz. Feb. 15.
1000 w.

—Statisties for Burcepe—L’Ind. Elec. Mar.
10. W. Apr. 4.

—The Schuylkill (I1l.)—Elee. Ry. Gaz.

Feb. 15. 1000 w.

—Urban Growth and the—L. Bell, St. Ry.
J. Jan. 3800. M. Feb.

—Without a Power House—Eng. News.
Jan. 2. W. Jan. 18.

—Work, What Next in—J. R. Cravath,

Elec. Rev. Jan. 8. Serial. Part 1.

w. M. Feb, P. Feb. W. Jan. 18.
ELECTRIC RAILWAYS—Elec. Ind. Mar,

St. Ry. J. Mar. J. of Elee. Feb. Elec.

2200

Ry. Gaz. Mar. 21. Elec. Eng, Mar. 'W.
Apr. 4.
—Dawson, Elec. Ry. Gaz. Feb. 22. W.

Mar. 7.

—and Telephone Disturbances—Preller,
Elec. Ry. Gaz. Feb. 1. W. Feb. 22,

—in the United Kingdom—Electn. Jan. 3.
W. Jan. 25.

—Operating Expenses of English—Elec.
Eng, Mar. 18. 'W. Mar. 28.

—Power Distribution for—T. Bell, St. Ry.
J. Feb. 4000 w.

—Protecting Physical Institutes from Dis-
turbance by—O0. Frolich, Electn. Jan. 10.
2500 w. -

—Recent Interurban—sSt. Ry. J. Feb. P.
Mar. W. Feb. 29.

—S8lidirg = Contact System for—IZiectn.
Jen. 24, W. Feb. 15.

ELECTRIC TRACTION, A Decade
Prograss in—FElec. Ry, Gaz. Jan. 4.
w.

—and Telephonic Disturbances—Kolben,
Electn. Feb. 21. W. Mar. 14

—Apparutus, Development of—Parshall,
Elec. Rev. Lond. Feb. 28, W. Mar. 21.

—of Rack Railwayg-—T.eca, Elee. TEng.
Lond. Apr. 3. W. Apr. 25.

ELECTRIC TRAMWAY System, The
Coventry (T1l.)—I2lec. Rev. Lond. Jan.

of
800

17. 2800 w.
—The Dublin Dalkey (T11.)—TIlectn. Jan.
17. 2500 w.

ELECTRIC TRAMWAYS, A Compensa-
tion Method for Protection Against the
Working Effects of—0. Friéhlich, Elee.
Rev. Lond. Jan, 24. P. Mar.

—and Telenhonic Disturbances—C. 8.
Preller. Electn. Jan. 10. 2700 w.
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—The Siemens and Halske Sliding Con-
tact System for—Elec. Lond. Jan. 24
P. Mar.

ELECTRIC Rolling Stock, Inspection of—
C. F. Uebelacker, Elec. Ry. Gaz. Jan.
4. P. Feh.

—Shock, Danger from—A. T. BSnell,
Electn. Jan. 3. P. Feb. W. Jan. 25.

—System of the Detroit Railway Com-
pany, The—St. Ry. J. Jan. Elec. Ind.

Jan. P. Feb. W. Jan. 25.

—Vuleanizer—Ind. Rub. Wld., Mar. 10.
W. Apr. 4.

—Welding—T. S. Anderson, Elec. Eng.
Lond. Feb. 28. P. Apr.

—Welding, The Art of (Ill.)—Elec. Rev.
Lond. Feb. 7. 2800 w. M. Apr. W.
Feb. 29. P. Apr.

—Works, The Ayr (Il11.)-—Elec. Eng. Lond.

Jan. 3. 5500 w. M. Mar.
—see Advertising. Crane. Railways.
Tramways. Circuits. Discharge.
ELECTRICITY—Hopkinson, Elec. Eng.

Lond. Jan. 17. 'W. Feb. 18.

—and Vegetation—Electn. Jan. 3. W.
Jan. 25. ‘

—and Water Power—Replogle, Elec. Rev.

Apr. 15. 'W. Apr. 25.
—as a Mode of Motion—Walker, Electn.
Feb. 14. W. Mar. 7.

—as an Exact Science—Crocker, Elec.
Eng. Apr. 1. W. Apr. 18.

—at Niagara Falls—W. E. Tuttle, Elec.
Wld. Mar. 7. 1800 w. M. Apr.

—at the Capitol at Washington—G. H.
Draper, Elec. WIld. Jan. 4. P. Feb.
Elec. Rev. Dec. 18. 1100 w.

—Can Eleetricity Supplant the Steam

Locomotive on Trunk Railways?—Elec.
Eng. Feb. 19. Serial. Part 1. 900 w.
M. Apr. P. Apr. W. Feb. 29,

—Direct from Carbon—Coehen, Elec. Rev.
Lond. Mar. 27. W. Apr. 18.

—for Practical Men, Principles of—F. S.
Mason, Am. Mach. Jan. 2. P. Feb.

—for Railwavs—Elec. Ry. Gaz. Jan. 25.
Elee, Eng. Jan. 29. W. Febh. &

—from Coal—Jacanes, Flec. Rev. Mar. 1L

Elec. Eng. Mar. 11. W. Mar. 28.

—From Heat—Meyer, Elek. Zeit. Jan. W.
Jan. 25. P. Feb.

—Heat from—J. E. Talbot, Flec. Rev.
Feh, 26. Serial. Part 1. 1500 w, M.
Apr. P. Apr. W. Mar. 7.

—in Mining—S8. F. Walker. Elec. Eng.
Lond. Jan. 3. P. Feb. W. Tan. 25.

—in 1895—Martin, Cas. Mag. Jan. W.

Jan. 25.
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—in Iron-Working—Ir. Tr. Rev. Jan. 2.
2500 w. M. Feb. P. Feb.

—in Medicine—W. 8. Hedley, Elec. Eng.
Lond. Jan. 17. P. Mar.
—in Mining—S. F. Walker,
Lond. Jan. 3. 2000 w. ~
—Modern Applications of—S8. T. Harrison,
Prac. Eng. Feb. 14, Serial. Part 1.

4000 w. M. Apr.

—on the Brooklyn Bridge (Ill.)—Elec.
Rev. Feb. 12. 1000 w. M. Apr. P.
Mar.

—on the New York Elevated Railroads—
Blec. Eng. Feb. 12. 1500 w. W. Apr.
—on the Stage—Rlec. Eng. Lond. Jan. 31.

W. Feb. 22.

—Present Development and Future Possi-
bilities of—Wm. Baxter, Jr., Am. Mach.

Feb. 13. 2000 w. M. Apr.

Elec. Eng.

—Simplified—N. W. Perry, Sci. Mach.
Jan. 15. Serial. Part 1. 1200 w. M.
Apr.

—Supply Works, Islington Vestry—Lond.
Elec. Rev. Mar. 6. Lightning. Mar. 5.
Ind. & Tr. Mar. 6.

—_The Commercial Exploitation of—B. E.
Greene, Eng. Mag. Feb. 5000 w. W.
Feb. 8. M. Feb.

—The Velocity of (Il11.)—G. LeClear, Pop.
Sei. M. Mar. 1100 w. M. Apr.

—Through Gases, Passage of—Lehmann,
Zeit. f. ravctroch., Feb. 5 and Feb. 20.
W. Feb. 29.

—vs. Hot Air—Dom. Engng. Jan.
w. M. Mar.

—What Tt Ts: Applications Explained—
C. H. Cochrane, Bos. J. Com. Jan. i i 7
1800 w. M. Mar.

ELECTRO Chemical Phenomena—A. H.
Bucherer, Elek. Zeit. Jan. W. Jan. 18.
P. Feb. )

— Chemistry in the Year 1895—Dr. H.
Meyer, Elek. Zeit, Jan. W. Jan. 256, P.
Feb.

—Culture—Flammarion, L. Ind. Elec. Dec.
25. W. Jan. 18.

ELECTORGRAPHS—see Sciagraphs.

ELECTROMAGNET for Lifting Purposes
—Elee. Mar. 21. 'W. Mar. 28.
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ELECTROMAGNETISM—Jones, Electn.
Feb. 21. W. Mar. 14.

ELECTROMETALLURGY in 1895—N.
Andreoli, Elec. Rev. Lond. Jan. 31.

3400 w. M. Apr. W. Feb. 22,

ELECTROLYSIS—Storrs. Prog. Age. Feb.

1. W. Mar. 7.

—at St. Louis, Investigation of—St. Ry.

Rev. Febh. 15. 450 w. M. Apr.
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—Indirect—Andreoli, W. Elec. Mar. 2L
W. Mar. 28.

—in 1895, Industrial—B. Blount, Elect.
Plant. Feh. 2360 w. M. Apr.

—Manufacture of Alkali by—J. Har-
greaves, Elek. Zeit. Mar.

—_Moderr Theories of—Richards, J. Fr.
Ingt Mar. 8000 w. W. Apr. 4. M.
Apr.

—of Chlorides—Lorenz, Elec. Eng. Lond.
Jan. 7. W. Feb. 8. ’

—of Water and Gas Pipes at Richmond;
Va., An Ordinance to Prevent—Eng.
News. Feb. 27. 1400 w. M. Apr.

—Sulphuric Acids and Sulphates by—J. D.
Darling, Elec. Rev. Lond. Jan. 3. Ww.
Jan. 25. P. Febh.

—see Galvanizing.

BLECTOLYTIC Action of Return Cur-
rents in Electrical Tramways—J. Gray,
Elec. Rev. Lond. Jan. 3. 2000 w. M.
Mar.

—Amalgams—E. Andreoli, I’Elec. Jan.
18. P. Mar. W. Feb. 8.

—Production of Caustic Soda and Bleach
— Elec. Bng. Lond. Feb. 7. W. Feb. 29,

—see Analytical.

ELECTROPLATING and Electrotyping
in the U. S.—M. Brunor, Elec. Eng. Jan.
1. P. Feh.

—Industry in the U. S.—Brunor, Elec.
Eng. Jan. 1. W. Jan. 11

ELECTROTECHNICS (I11.)—F. S. Mason,
Am. Mach. Jan. 2. 1800 w. M. Feb.

ELEVATOR—Gibson, Elec. Rev. Lond.
Mar. 6. W. Mar. 28.

__at the Chesatee Mine, Georgia, The Hy-
draulic Gravel—W. R. Crandall, ab-
stract paper. A. I Min. Eng. Eng.
News. Mar. 5. 600 w. M. Apr.

BELEVATORS, ELECTRIC—W. A. Gib-
gon, Elec. Rev. Lond. Feb. 21. 1600
w. M. Apr. P. Apr. F. J. Sprague,
Tlec. Jan. 29. Elec. Wid. Feb. 1. Elec. -
Rev. Feb. 5. Elee. Eng. Jan. 29. 8000
w. P. Mar. Elec. Rev. Lond. Feb. 28.
W. Mar. 21.

ENERGY Equivalents—BE. J. Willis, Ste-
veng’ Ind. Jan. 1200 w. M. Feb.

ENGINE, A Condensed (I11.)—Am. Mach.
Jan. 30. 800 w.

—A Curious Old Steam (I11.)—Eng. Lond.
Feb. 28. 1000 w. M. Apr.

—at New Kensington, Pa., Nordberg Com-
pound Pumping (I11.)—Eng. News. Feb.
27. 2500 w.

—Design, Graphic Methods of—A. H. Bar-
ker, Serial. Part 1. 3500 w. M. Apr.
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—ZExplosions, Time Occupied in Oil—T.
Swift, Am. Mach. Feb. 6. 700 w.

—for Direct Driving, The Sperry Slow
Speed—Elec. Eng. Jan. 22. P. Feh.

—Limits and Possibilities of the Gas—
Geo. Richmond, Eng. Mag. Feh. 5000
w. M. Feb.

—Measuring Steam Consumption of—T.
Hawley, Bos. J. Com. Jan. 11. 2000 w.
M. Mar.

—Room Interiors, Artistic (Ill)—E. T.
Adams, Eng. Mag. Mar. 2300 w. W.
Apr. 4,

—The Bennett Bisulphide of Carbon (I11.)
—L. T. Stanley, Elect. Eng. Jan. 1. 1200
w. M. Feb.

=-The New Caledonian KExpress—Chas.
ous Martin, Eng. Lond. Feb. 28. 2500
w. M. Apr.

—The Steam—F, . Hemenway,
Jan. Serial. Part 1.

—see Hirn.

ENGINEER Corps of the Navy, Reorgani-
zation of—I. N. Hollis, R. R. Gaz. Feb.
7. Serial. Part 1. 3500 w.

ENGINEERS Should Know, Some Things
—Lord’s Mag. Jan. Serial. Part 1.
4000 w. . !

ENGINEERS, Military Electrical—Engne.
Jan. 24, 2200 w. M. Mar.

ENGINEER of Today, The—St. George
Boswell, Paper. Grad. Soc, of McGill
Univ. Can. Eng. Feb. 4000 w. M. Apr.

ENGINEER’S Life in the Tropics (I11.)—
C. P. Yeatman, Eng. Mag, Jan. 2. 2800
w.

ENGINEERING, A Case of Inadequate—
R. R. Gaz. Feb. 7. 1800 w. M. Mar.
—Achievements in Great Lake Region,
Notable—Birkinbine, Pro, Eng.’s Club

of Phila. Jan. 5000 w. M. Mar.

—at the University of Nebraska, Electri-

cal—Martin, Elec. Eng. Mar. 25. W. Aor.
4,

—Notes on Russian—C. Hyde Abhs, paper
Eng. .Soc W. Pa. Am. Eng. & R. R.
J. Feb. 3700 .

—Progress—Eng. Lond. Jan. 3. 25000 w.

—chools, High Admission Requirements

Mach,
2500 w. M. Feb.

in—HEdit. Am. Mach. Feb. 13. 800 w.
M. Apr.
—>Studies, The Educational Value of—-T.

M. Drown, Elec. Age. Jan. 18. P. Mar.

ENGINES and Dynamos, Mechanical Con-
nections Between—F. B. Crocker, Lec-
ture, Henry Elect. Club. Elec. Pon.
Feb. 7000 w. M. Apr.
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—An Investigation in the Forces Tending
to Produce Vibration in High Speed—
Eng.’s Gaz. Jan. 700 w. M. Feb.

—for Lake Service, Quadruple Expansion
—W. Miller, J. Assn. of Engng, Soc. Jan,
6000 w.

—High Duty Pumping—Thos. Downs, Sta.
Eng. Jan. 2000 w. M. Feb.

—Recent Developments in Gas (Ill.)—D.
Clerk, Abstract of Paper. Inst. of Civ.
Engs. Elect. Rev. Lond. Feb. 7. 1300 w.
M. Apr.

—of Torpedo Boat Destroyers “Handy,”
“Hart” and “Hunter” (Ill.)—Engng.
Feb. 21 1100 w.

—Test of Oil—R. R. Gaz. Jan 3.
M. Feb.

—Trial of Compound-——M Longridge, Eng.
Jan. 24. 3500 w.

ENTROPY and Entropy Diagrams—Prof.
Boulvin, Engng. Jan. 3. 5000 w.

ETHERIC Light—see Photographs.

EVAPORATER, Test of a No. 4, Type B
(Horizontal)-—G. W. Baird, J. Am. Soc.
Nav. Engs. Feb. 700 w,

EXPLOSIONS and Coal Dust, Colliery—
Jas. Ashworth, Col. Gaurd. Feb. 14,
2600 w. M. Apr.

—Experiments on Steam Pipe—Am. Mach.

900 w.

Jan. 2. 1500 w. M. Feb.

—The Limitation or Localization of Col-
liery—Ashworth, Col. Gaurd. Dec. 13.
2500 w. M. Feb.

EXPLOSIVES in Coal Mines—V. B.

Lewis, Col. Eng. Febh, 4500 w. M. Apr.
—in Collieries, New Belgian Regulations

as to the Use of—Col. Gaurd. Jan. 31.
1800 w. M. Apr.

—in Mines, High —Prac. Eng. Feb. 21.
900 w. M. Apr.

EXPOSITION of 1900, The French Univer-
sal—Arch. Rev. Jan. Mar. 4000 w, M.
Mar.

FACTORIES and Workshops—Arch.
Lond. Jan. 3. 2000 w. M. Mar.

FANS, Methods in Use for Driving—W.
G. Snow, Heat & Vert Jan. 15. 2500 w.

—The Design and Testing of Centrifu-
zal—Abstract Paper. Tnst. Civil Engs.
Ind. & East Eng. Febh. 8. 900 w. Mach.
Lond. Jan. 15. M. Apr.

FAUVEL Process, The—Min. & Sci. Pr.
Jan. 4. 1200 w. M. Feh,

FEED Table, Rolling Mill (T11.)—Ir. Tr.

Rev. Feb. 12. 600 w. M. Apr.

FERRUGINIZED Tree—0O. C. 8. Carter,
J. Tr. Inst. Mar. 800 w. M. Apr.

FERRY—See Car Terry.
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FIRE DAMP, Apparatus for Experiment-
ing with—H. Schmerber, Col. Guard.
Feb. 14, 1500 w. M. Apr.

—Damp, Periodicity of—A. Doneux, Col.
Guard. Jan. 10. 1800 w. )

—Department Headquarters Boston, Mass.
(I1l.)—Eng. Rec. Feb. 22. 2000 w. M.
Apr.

—Frame for Burning Coke, The Incan-
descent—Am. Gas Lght. J. Feb. 3. 800
w. M. Mar.

FIRE Risks with Electric Lighting, Dim-
inution of—Sei. Am. Feb. 8. W. Feb.
15.

FIRES and the Brigade, London—Eng.
Lond. Jan. 31. 1100 w. M. Apr.

FITTINGS for High Pressures, Screwed—
H. J. Barron, Paper. A. S. Heat & Ven.
Eng. Heat & Ven. Feb. 900 w.

FLAME Temperatures and Acetylene;

Theory of Luminous Hydrocarbon
Flames—A. Smithells, J. Gas Lght. Jan.
14. 5500 w.

FLEETS, The World’s Principal War—
Eng. Lond. Jan. 24. 5500 w.

FLOW of Water in 48 Inch Pipes (Ill.)—
D. Fitzgerald, A. S. Civ. Eng. Jan.
5000 w. M. Mar. R. Hering, Eng. Rec.
Feb. 15. 1800 w. M. Apr.

—Over a Board Crest Dam, New Experi-
mental Data for (Ill.)-—T. T. Johnston

and E. L. Cooley, J. W. Soc. Engs. Jan.
6000 w.

FLY WHEELS, Wrought Iron
Power, Jan. 700 w. M. Feb.

—see Wheels.

FORCED Blast Warming with Furnacas
—G&. W. Kramer, Paper. Am. Soc. Heat
and Vent. Engs. Mas. St. Fit. Feb.
4400 w M. Anr.

FORGE Shop at University of Neb. (T11.)

—C. R. Richards, Am. Mach. Jan. 20.
600 w.

FOUNDRY—See Brass.

—Practice at Home and Abroad—Ir. &
Coal Trs. Rev. Jan. 31. Serial. Part 1.
1500 w, M. Apr.

FRANCHISES for Small Municipalities——
Eng. Rec. Feb. 22. 900 w. M. Apr.
FREIGHT on Common Roads, Cost of
Hauling—Eng. News. Dec. 5. 2200 w.
FRICTION in Several Pumping Mains,
The—TF. C. Coffin, Paper. New Eng. W.
Wks. Assn. Eng. News. Feb. 20. 2200

w. M. Apr.

—of Bearings—J. H. Holmes, Power. Fah.

1800 w. T

ER ety

(I11.) -
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FUEL in a Large Oil Refinery, Saving—
C. E. Emery, Tr. A. S. Mech. Eng. Dec.
1300 w. M. Feb.

—see Liquid.

FURNACE, Chemistry of the Siemens—
Dick and Padley, Col. Guard. Feb. 14.
1700 w. M. Apr.

—in Chemistry, The Electric—M. H. Mois-
san, Pop. Sci. M. Jan. 1200 w. P. Feb.
M, Feb.

—Plant in Alabama—Foundry. Feb. 900
w. M. Apr.

— Practice in Germany, Open Hearth—Ir.
Tr. Rev. Feb. 6. T00 w. ‘

—see Lead. Sand. Open Hearth. Segre-
gation.

—Forced Blast Warming with—G. W.
Kramer, Met. Work. Jan. 25. 4000 w.
Heat & Vent, Feb., 5000 w.

—Megass and Refuse (I1l.)—W. P. Abell,
Eng. Lond. Jan. 10. 2200 w. Ind. &
Ir. Dec. 27. 1800 w. M. Feb.

—The Morgan-Allen Continuous Heating
—Ir. Age. Feb. 27. 600 w. M. Apr.

FUSE Metals and Appliances, Untrust-
worthiness of (Ill.)—W. McDivitt, Elec.
Eng. Feb. 5. 6000 w. M. Mar.

—NMetals, Inherent Defects in—Herring-
ton, W. Elect. Apr. 11. 'W. Apr. 18.

—Plant for the Magnetic Circuit Breakers
—Harrington, Hlec, Eng. Mar. 4. W.
Mar. 28.

—Problem and Solution, Study of the—

Wm. MeDivitt, W. Elec. Feb. 22. 3200
w. M. Apr. P. Apr.

FUSES for St. Ry. Cars—Elec. Ry. Gaz.
Jan. 4. W. Jan. 25.

—see Cut Outs.

GALVANIC ELEMENTS, Depolarized or
Constant—A. Heil, Elek. Zeit. Feb. W.
Mar. 7. P. Apr.

GALVANIZING—W. T. Flanders, Ir. Age.

Feb. 27. 3000 w. M. Apr.
GALVANOMETER—Sullivan, Electn.
Mar. 20. W. Apr. 11.
—Vibration—Elek. Zeit. Feb. 13. W.
Mar. 7.

GARBAGE Crematory, The Johnson (I11.)
—Enge, News, Febh, 6. 1000 w. M. Mar.

GAS, A Spectroscopic Study of Oxy-Coal—
J. Gas Lgt. -Dec. 31. 1100 w.

—Bottles, High Pressure—Ind. Engng.
Jan. 4. 1200 w. M. Mar.

—Engines for Electric T.ight and Power—
N. W. Perry, Cas. Mag. Jan. Am. Gas
Light J. Jan. 13. P. Feb. W. Jan. 18.

—Enegine, TLimits and Possibilities of the—
G. Richmond, Eng Mag, Feb. Am. Gas
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Light J. Feb, 10. P. Mar. W. Feb. 29.
—Light Patents—see Incandescent.
—Motor Cars—Sci. Am. Feb. 1. W. Feb.

8.

—DMains, Delivering Capacity of—Gas

WIld. Jan. 4. 1100. w.

—Meter Testing Station—Gas Lgt. Feb.
11. 2000 w. M. Apr.

—Managers, Midland Assn. of—W. R.

Cooper’s Inaugural Address. Gas Wld

Feb. 22, 6000 w. M. Apr.

—see Candle Power. Cyanogen. Con-
sumer, Heat. Meter. Crane. Puri-
fication. Retort.

—Produced by Electric Oscillations, Mo-
tion of Luminous Glow in Rarefied—
Elster and Geitel in Wied. Annalen,
Elec. Eng. Feb. 5. 1400 w. P. Mar.
W. Feb. '

—New Proposals for the Utilization of
Blast-Furnace and Producer—Ir. & Coal
Trs. Rev. Feb, 7. 1600 w. M. Apr.

GASEOUS Compounds of Iron and Nickel
with Carbonie Acid and Effect upon
Burner Tips, etc.—H. Morton, Stevens’
In. Jan. 1200 w.

GAUGE, A Draft and Blast Pressure—J.

H. Kinealy, Heat & Ven. Feb. 750 w.
M. Mar.

—~Glass Failures, Water—Power. TFeb.
1600 w.

GEAR Cutting—H. V. Haight, Eng. Soc.

of Sch. of Prac. Sci. No. & 32300 w.
M. Dee.

—Teeth, Strength and Wear of—Bell
Crank, Mach. Mar. 1300 w. M. Apr.

GEARING for Electric Cars, Hydraulic—
H. E. Dey, Elec. Age. Feb. 29.

—Helical—Cisnarf, Mach., Mar.
M. Apr.

GENERATORS and Motors, Some Recent
(Ill.)—Walker Mfg. Co., St. Ry. J. Jan.
2800 w. M. Feb,

—Running as Motors—R. T.
Power. Jan. P. Feb.

GIN Pole for Erecting a Water Tower at

1500 w.

Lozier,

Montezuma, Ta., Use of (Il1l.)—Eng.
News. Jan. 9. 200 w. M. Feb.

GLACIER Lake, Emptying of the Merje-
len—C, 8. Preller, Engng. Jan. 17. 1400
W.

GLOBE, Fredureau
Lond. Mar. 6,
25.
w.

GLOBULAR  Discharge—Righi,
Elec. Mar. 14. W. Apr. 11,

Diffusing—Electn.
W. Mar. 28. Elec. Mar.
W. Apr. 4. Gas WIid. Nov. 16, 700

L’Ecl.
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GOLD and Copper, Influence of Small
Wuantities of Impurities on—Engng.
I'eb. 7. 3600 w. M. Apr.

—Boom, Side Lights on the South Afri-
can—A. Williams, Jr.,, Eng. Mag. Dec.
3500 w.

—District, Utah, The Camp Floyd—J. W.
Neill, Eng. & Min. J. Jan. 25. 2800 w.

—Fields, North Carolina—J. J. Newman,
Mfrs. Record. Mar. 6. 1200 w. M. Apr.

—Fields of the Transvaal—Sci. Am. Sup.

Feb. 22. 1400 w. M. Apr.

—TFields, South Australia, The Wadna-
minga—7¥. D. Johnson, Paper. Aust.
Inst. Min. Eng. Aust. Min. Std. Dec.
14. Serial. Part 1. 2400 w.

—Field, The World's Greatest—D. de
Quille (California), Min. Ind. & Rev.
Jan. 16. 1400 w.

—in British Columbia—R. C. Campbell-
Johnstone, Can. Min. Rev. Feb, 3200 w.

—in the South, Methods of Prospecting
for—W. M. Brewer, Tradesman. Jan. 15.
Serial. Part 1. 4400 w.

—Milling in the Black Hills, S. Dakota,
and at Grass Valley, Cal.—T. A. Rick-
ard, Tr. A. I. Min. Engs. Feb. 9000 w.
M. Apr.

—DMine, Burns, N. Carolina—Eng. & Min.
T. Tebh. 8 800 w.

—NMine, The Lake Harold—Can. Min. Riv.
Feb. 2200 w.

GOLD MINING District of Brit. Colum-
bia, The Trail Creek—J. D. Sword, Can.
Min., Rev. Jan. 4500 w.

—n the Southern Appalachian States,
Present Condition of—Messrs, Nitze and
Wilkens, Tr. A. I. Min. Eng. Fel. 4800
w. M. Apr.

—in the Hauraki District, New Zealand—
H. M. Cadell, Min. Jour. Feh. 22, Ser-
ial. Part 1. 2400 w. M. Apr.

——in the Southern States—H. B. C. Nitze,
Eng. Mag. FFeb. 4500 w. M. Feb.

—Victorian—Thos. Cornish, Min.
Feb. 29. 1500 w.

GOLD MINES and the Stock Boom, Crip-
ple Creek—T. A. Rickard, Eng. Mag.
Jan. 3500 w.

GOLD Ores, Cyanide Procees of Treating
—Tradesman. Mar. 1. 1300 w. ™. Apr,

—see Auriferous. Colorado. Dry Placer.
Tellurium. Prosnecting. Cripple Creek.

GOVERNOR—see Regulation.

GRADE Crossings—see Railroad.

GRAPHIC Renresentation of Veefor Po-
tential—Allen, Electr. Apr. 3. W. Apr.
25.

Jour,
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An Accident Policy in__—~>
THE

STAR ACEIBENT
EOMPANY
- OF CHICAGO, TLL.,

Is the best Accident Insurance in the land because the policy contract is free
from technicalities—a simple contract understood by everyone. It has paid
over $650,000.00 for accidental injuries.

For circulars relative to our g$r10,000.00 Combination Incontestable

Policy, address,
T. S. QUINCEY, Sec’y,

Star Accident Insurance Bldg.,
Chicago.

Democrat Printing Co.,

14=124 S. CARROLL ST.,

Madison, = Wisconsin.

GRo G G

Buxiliary Toublisbers.
[300R TPublishers. ‘s‘
Job Torinters.
Blank [Book WMarnufacturers.
Stereolypers.

Please mention) Wisconsin Engineer when yow wirite.
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GRATE Areas and Heating Surfaces—Ry.
Mas, Mech. Jan. 1600 w. M. Feb.

GUM Bandages in Surgery, The Use of
Pure—H. A. Martin, Ind. Rub. Wild.
Feb. 10. 3500 w.

GOVERNOR, Mechanics of the Shaft—J.
H. Barr, Sib. J. of Engng. Feb. 6000 w.
M. Apr.

—under Sudden Changes of Load, Be-
havior of a Fly-Wheel—W. Ferris, Am.
Mach.Feb, 13. 1800 w. M. Apr.

GUTTA-Percha in the United States, The
Use of—J. M. Armstrong, Ind. Rub.
Wild. Mar. 10. 2500 w. M. Apr.

HAMMER in a Railroad Shop, The
Helve (I1l.) Loc. Engng. Feb. 1300 w.
M. Mar.

HEAT Developed by Superposed Cur-
rents—Electn. Jan. 31. 'W. Feb. 22.

—Regulation—F, W. Powers, Dom.
Engng. Jan. 600 w. M. Mar.

—see Electrical Energy.

HEATER, A Combination—Heat & Vent.
Feb. 15. 1900 w. M. Apr.

HEATING, A Complex Job of Steam (IlL.)
—San. Plumb. Dec. 1500 w.

—A New System—I.. Allen, Dom. Engng.
Jan. 1600 w. M. Mar.

—and Lighting of the American Surety
Building (I11.)—Eng. Rec. Mar. 7. 3000
w. M. Apr.

—and Lighting of the Phila. Bourse (Ill.)
—Eng. Rec. Feb. 1. 3000 w.

—and Ventilating of Large Churches—H.
B. Prather, Abstract Paper. Am. Soc,
Heat and Vent. Engs. Mas. St. Fit, Feb.
2600 w. M. Apr. Heat & Ven. ¥Feb.
3500 w.

—and Ventilating of the Freehold Iligh
School (T11.)—Heat & Vent. Feb. 15.
1900 w. M. Apr.

—and Ventilation, The Fan and Furnace
Svetem of—Met. Work., Fel. 1000 w.
M. Mar.

—Applied to Metallurgy, History of Hlec-
tric—Dewey, Elee. Rev. Mar. 25, W.
Apr. 4.

—Blast (I111.)—G. D. Hoffman,
Enene. Jan. 900 w.

—REffects of Oscillations—Klemencie, W.
Elec. Mar, 21, W. Mar. 28.

—Electric—W. 8. Hadaway, Jr., Heat &
Ven. Feb. 6000 w. M. Mar.

—in a St. Louis Residence, Hot Water
(TI.)—Eng. Rec. Jan. 25. 2800 w.

—Plant in the Pabst Theater, Milwaukee

(TIl.)—Dom. Engng. Feh. 800 w. M.
Apr.

Dom.

—Plant, Operating a Steam—W. H. Wake-
wan, Am, Macd., Fep. 6. 1600 w. M.
Mar,

—purraces—see Grate Areas.

—pystem in a Boston Church, Itot Blast
(11.)—Eng. Ree. Feb. 8. 800 w. M.
Mar,

—'Two Blocks of Flat Houses from One
Boiler Plant—Eng. Rec. Jan. 11. 700 w.
M. Mar.

—see Planning. Steam.
Coal. Forced.

HIGH Potential Difference, Measurement
of—Electn. Feb. 21. W. Mar. 14.

—Tension and Low Tension Supply—Gay,
Elec. Rev. Jan. 10. 'W. Feb.

HIRN'S Analysis of Heat Distribution in
the Cylinder of a Steam Engine—E. J.

Laschinger, Eng. Soc. of Sch. of Prac. Sci.
No. 8. 2500 w. M. Dec.

HOLOPHANE Globes—see Lighting.

HOLTZ Machine—Schmidt and Ruehl-
man, L’Eel. Elec. Mar. 28. W. Apr, 25,

HOME for Aged and Disabled Railroad
Men—L. S. Coffin, Ry. Rev. Feb. 8. 900
w. M. Apr.

HOPKINSON’'S Presidential Address to A.
I. E. E.—Electn. Jan. 24. Serial. Part
1. 5000 w.

HOT BOXES—Age of St. Feb. 15.

HUMIDIFIERS and Ventilation
Ind & East. Eng. Jan. 18.
Apr.

HYDRO-Carbon Flames, the Luminosity
Limit of—Elect. Eng. Dec. 18. Part 1.
1700 w. M. Feb. P. Feb.

HYSTERESIS, On the Measurement of
Energy in Iron Due to—M. Maurain,
Ind. & Ir. Feb. 21. P. Apr.

ILLUMINATION of Casino at Royan (Ill.)
—W. Elec. Feb. 1. 1000 w.

—see Vacuum.

INCANDESCENT Gas Light Patents—
Engng. Jan. 31, 700 w. Eng. & Min. J.
Feb. 29. 2300 w. M. Apr.

—Gas Lighting—see Photogranhers.

—Lamp Questioa, The—Ind. & Tr. Dec. 13.

Furnaces. Car.

1500 w.
(I1L.)—
800 w. M.

1100 w. M. TFeb.

—Lamps, Experiments with—D. Salo-
mons, Electn. Lond. Mar. 6.

—see Fire. Lamp. \

INDIA RUBBER Cement—G. B. Scott,
Ind. Rub. Wld. Feb. 10. T00 w.

INDICATOR Cards, Some Information
from—R. R. Gaz. Jan. 31. 1400 w.

—see Water Level.

INDUCTION, Methtdd of Measuring Co-
efficients of (Tl1l.)—Andreissen. Elek.
Zeit. Mar. 12 and Mar. 19. W. Apr. 1T,
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A GREAT RAILWAY.

THE GHIGAGO,

MILWAUKEE
AND ST. PAUL

Owns and operates 6,169 miles of thoroughly equip-
ped road in the States of Illinois, Wisconsin, lowa, Mis-
souri, Mlinnesota, South Dakota, North Dakota and the
Upper Peninsula of Michigan

FIRST-CILASS
IN
EVERY
RESIPPECT.

It is foremost in adopting every possible appliance for
the safety and comfort of passengers, including an Ab-
solute Block System, Westinghouse Train Signals,
Steam Heat, Electric Light, Vestibuled and Compart-
ment Cars, etc

Five first-class trains each way between Madison and Chicago
or Milwaukee. All around gocd service from Madison to St.
Paul and Minneapolis, via Portage and La Crocse or Prairie du
Chien,

Best service possible to Iowa points, Omaha and all Western
points. In fact, they are in it for all points.

For further information address

GEO. H. HEAFFORD,

Gieneral Passenger agent, Chicago, Ill.
OR...

. NELSON W. PIERCE,

Freight and Passenger Agent,
MADISON, WIS.
Office, 647-649 West Washington Avenu:.

FPlease mention Wisconsin ngineer when you wiite.
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INDUSTRY, The Vicissitudes of a New—
Ir. Age. Jan. 16. 3000 w. M. Mar.

INSTRUMENTS—Elec. Eng. Lond. Feb.
14, W. Mar. 7.

—from Return Railway Currents, Pro-
tecting—Froelich, Elec. Ry. Gaz. Feb. 3.
W. Feb. 22.

INSULATION and Testing of Arc Cir-
cuits—Alex. Dow, Elec. Engng, Jan. P.
Apr.

—of Gutta Percha, Effect of Temperature
and Electrification on the—Zielinnski,
Elec. Zeit. Jan. 9 and Jan. 16. W. Feb.
15.

—Resistance of Three Wire Circuit, Meas-
urement of—Anthony, Elec. Jour. Dee. 1.

INSTALLATION at Zurich, Switzerland,
A Commutating—RElek. Zeit. Feb. 6. W.

Feh. 29. P. Apr.

INTEGRATOR, A New—Russell and
Powles, Eng. Lond. Jan. 24. 1000 w.
M. Mar.

INVENTIONS, Opposition to—W. C.

Dodge, Eng. Mag. Dec. 3000 w.

—The Protection of—W. C. Jones, Elec.
Engng. Feb. 4500 w. M. Apr.

IRON AND STEEL for Building Struc-
tures—Ir. & Coal Tr. Rev. Dec. 13. 2300
w. M. Feb.

—How to Distingnuish Between Grades of
—Am. Mir. & Ir. Wld. Feb. 7. 700 w.

—Industries of South Russia—Ir. & St.

Trs. J. Feb. 22. Serial. Part 1. 1100
w. M. Apr.
—Industry in Belgium and Germany,

Conditions of—Com. Brit. Ir. Tr. Assn.

Col. Guard. Jan. 24. 5000 w.

—Magnetic Properties of—J. A. King-
‘dom Elec. WId. Jan. 25. 1200 w.

IRON and Wood Framing of a Dwelling
“(I1l.)—Eng. Rec. Jan. 11. 500 w.

—Expansion and Shrinkage of Cast—W.
R. Webster, Ir. Tr. Rev. Feb. 27. 500
w. M. Apr.

IRON INDUSTRY of Austria-Hungary—
Col. Guard. Feb. 27. 1200 w. M. Apr.

—of the Lehigh Valley—0. Williams, Ir.
Age. Jan. 2. 1800 w. M. Febh.

—Some Recent Features of the American
—Tr. & Coal Trs. Rev. Jan. 31. Serial.
Part 1. 1700 w. M. Apr.

—The Canadian Pig—G. E. Drummond,
Can. Eng. Feb. Serial. Part 1. 23300
w. M. Apr.

IRON, Influence of Carbon on—Arnold,
Proc. Inst. Civ. Eng. W. Jan. 11.
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—Making in Chicago, Early—0. W. Pot-
ter, Ir. Age. Jan. 2. 2200 w. M. Feb.

—Making—see Raw Materials.

—Paint as a Protection for—Custer and
Smith, Pro. Eng. Club Phila. Jan. 1.
7500 w.

—on Analysis, The Selling of Pig—C. R.
Baird & Co., Ir. Tr. Rev. Feb. 27. 900
w. M. Apr.

IRON ORES at Rich Patch Mines, Va.—
E. C. Pechin, Eng. & Min. J. Feb. 1.

Serial. Part 1. 1400 w.
—Mining—C. D. Wilkinson, Col. Eng.
feb. 1600 w. M. Apr.

IRON Ranges at Lake Superior—J. Bir-
kinkine, Ir. Tr. Rev. Jan. 2. 2800 w.
M. Feb.

—Strengih of—see Temperature.

—The Direct Puddling of—E. Bonehill,
Ir. & St. Trs. J. Feb. 29. 2200 w. M.
Apr.

—The Effect of Silicon on—M. Moissan,
Ir. & St. Trs. J. Feb. 1. 600 w. M.
Apr.

—The Effect of Vibration upon the Struec-
ture of Wrought—Tr. A. I. Min. Engs.
Feb., 2200 w. M. Apr.

—The Mobility of Molecules of Cast—A.
E. Outerbridge, Jr., Eng. News. Feb. 27.
3000 w. M. Apr.

—The Production of (I1l.)—Mach. Lond.
Feb. 15. 1700 w.

—Trade, Future of the American—J. M.
Swank, Eng. Mag. Jan. 5500 w.

—Trade since 1870, The American—Ir.
Age. Jan. 2. 9500 w. M. Feb.

—Working—see Eleectricity.

—Works of the Mahoming Valley (T11.)—-
Ir. Tr. Rev. Jan. 2. 2200 w. M. Feh,

IRRIGATION, Ancient and Modern, Pun-

jab—J. B. Lyall, Jour. Soc. Arts. Feb.

21. 15500 w. M. Apr.

System, Utah, The Bear River (I11.)—

W. P. Hardesty, FEng. News. Feb. 6.

Serial. Part 1. 3000 w.

—The Law of Water and Modern—R. T.
Hinton, Eng. Mag. Jan. 3800 w. M.
Jan.

ITALY, Every-Day—C. F. Bragdon, Am.
Arch. Feb. 15. Serial. Part 1. 4400 w.
M. Avr.

JAPANESE Mercantile Marine, The De-

velopment of the—Engng. Jan. 31.
1800 w, M. Apr.

—Railwavs—Engng. Feb. 21. 1800  w,
M. Anr,

KAFIRTISTAN—Sir George Roherteon,
Roy Inst. of Brit. Arch. Sept. 4200 .
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THE MADISON GAS AND ELECTRIC COMPANY__»

Have reduced the price on fuel gas, are selling gas
stoves at cost and connecting them free. Gas for

o3 culinary purposes is unequaled for comfort, cleanli-
ness or economy. Buy a gas stove and enjoy
meals prepared in a scientific manner without
menial labor to the cook.

Go to Purcell Bros. for Fancy

G@@é Groceries; Bottled and Canned @){@p

Goods a specialty. 107 State Street.

JOS. SCHUBERT & SON,
A

=t [Pbhotographers, «
/) Will do all Kinds of Amateur Work in Neat Shape.
19 WEST MAIN STREET, MADISON, WIS,

COSMOPOLITAN BAKERY,
JOHN EICHMANN, Prop., ;

~—— 328 STATE STREET. |

...DEALER IN... 4

All Kinds of Bread, Cakes and Pies, Candies, Nuts and Cigars.
STUDENTS’ TRADE SOLICITED. |

m—  ON SING CO,, =
Chinese and Japanese Bric-a-beac and Faney Goods, Fourth of July and Xmas Supplies.

Teas of all kinds. Laundry Office.
306 STATE STREET.
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—KAOLIN- and Clay-Deposits of North
Carolina, Notes on the—J. A. Holmes,

Tr. A. I. Min. Eng. Feb. 200 w. M.
Apr.

LAKZES and Atlantic Waterway—J. W,
Soc. Engs. Jan. 1400 w. M. Apr.

LAMP and Magnet, Experiment with an
Incandescent—Salomons, Electn. Mar.
6. Elec. Eng. Lond. Mar. 6. W. Mar. 28.

—Connection Diagrams in England—Elee.
Jan. 3. W. Jan. 25.

—Determining the Life of — Elec.
Lond. Jan. 17. W. Feb. 8.

—Efficiency, Incandescent — Stuart-Smith,
J. of Elec. Feb. W. Apr. 4.

—New Form of Ry.— Woodward, Elec.
Wid. Feb. 29. P. Apr. W. Feb. 8.

—Niobium Incandescent — Elec. Eng. Jan.
29. W. Feb. 8,

—Question in Germany, The (xlom — Elec.

Eng.

Jan. 3. 3000 w. W.Jan. 2
—Question, The 220 Volt— Stewart, W.
Elec. Feb. 8. W. Feb. 15. Klee. Rev.

Dec. 4. P. Jan.
—>5See Incandescent.

LAMPS and Their Influence on Central
Station Practice, High voltage — Elec.
Eng. Lond. Mar 6. W. Mar. 28.

—Effect of Atmospheric changes on the
Hefner and Pentane Standard —J. Gas
Lgt. Jan. 31. 3000 w.

—and Their Influence on Central Station
Practice, High Voltage —Addenbrooke.
Elec. Eng. Apr. 8. W. Apr. 18.

—High Voltage—Addenbrooke, Elec. Rev.
Lond. Apr. 3. W. Apr. 25. Electn.
Mar. 27. Elec. Rev. Mar. 27. W. Apr.18.

—Incandescent—Electn, Jan. 24, W. Feb,
15.

—Simple Appliances for Accurately Testing
Incandescent Electric—Elec. Pow. Jan.
P. Feb,

LEAD Industry of the United States—A.
;ﬂ. Caswell, Ir. Age Jan. 2. 4000 w. M.
Teh.

—vs. Iron Pipe—Dom, Engng. Jan. 2300 w.
M. March.

—The Avery Memorial—B. Ferree, J. Ry.
Inst. Brit. Arch. Jan. 23. 1800 w. J.
Schweinfurth, Am. Mach Jan. 11. 3000 w.

LIGHT Improvers, The Mistaken Ideal of
Artificial —W. H. Birchmore, Elec. Eng.
Jan. 1. 2400 w. M. Feb. P. Feb.

—Longitudinal—G. Jaumann, Electn. Mar.
6. W. Feb. 15. P. Apr. Elec. Lond.
Mar. 13. W. Apr. 4.

—Rays through Transparent and Translu-
cent Glass, Absorption of—T. Short, Pro.

—Age Jan. 15. 800 w. W. Feb.
Standards of —Dibden, Prog. Age Feb,
15. W. Mch. 7.
the Ideal Artificial—Elihu Thompson,

—Elec. Eng, Jan. 29, W, Feb. 8.

The Standards of—W. T. Dibden, Gas

—Wild. Feb. 1. 7800 w. M. Apr. Prog.
Age Feb. 15, 'W. Meh., 7.

W. Dee. 14.

181

—Unsolved Problem in the Manufacture
of—Cox, J. Fr. Inst. Jan. W. Jan. 18,
LIGHTING and Water Plant, A Combined

city—Elec. Ind, FFeb. P. Mar,

—be Reduced? Can the Cost of Isolated
Arc—Elec. Feb. 26. 2800 w. M. Apr.
P. Apr.

—by Arc Lamps, Public—Blondel, Electn.
Tond. Apr. 13. Serial. W. Apr. 25

—by Holophane Globes—F. Guilbert, Pro.
Age Mar. 1. Serial. Part1. 2500 w.
W. Apr. 1. M. Apr.

—Choking Coil and Transformers for Series
Incandescent—Rothert, Elek. Zeit. Mar.
5. W. Mar, 28.

—Economical Results in Modern Isolated
Arc—F. E. Drake, Paper Northwestern
Elec. Assn., Elec, Wid. Feb. 15. 400 w.
M. Apr. Elec, Eng. Jan. 29. W.Feb.8.

—from Central Stations, Cost of—Marks.
Elec. Eng. Jan. 29. W. Feb. 8.

—from Rculway circuits, Arc—Electn. Apr.
3. W. Apr. 25,

—from Unde:ground Mains, Municipal—E.
J. Houston, Cas. Mag. Jan. P. Feb. W.
Jan. 18,

—Gas Engine Station for—Electn, Feb. 14.
w. Mech. 7.

—New Method of Train—A. Gill, L’ Eleutn
Jan. 4,

—Plant at Riverhead, L. I. (Ill.)—Benoliel,
Elec. Power March. W. Apr. 11.

—Flant in Odessa, American Apparatus in
Municipal—Elec. Eng. Jan. 22. 1400 w.
P. Feb.

—Plants, Some Notable Isolated Electric—
Elec. Dec. 25. P. Feb,

—Progress, An Engineer’s Views on Arc—
J. Hesketh. Elec. Engng. Feb, 1800 w.
M. Apr. W, Mar. 7. P. Apr.

gx esidences by Electricity—A. Wall, Eng.

Mag. Mar. 3000w. P.Apr. W.Apr.4.

—Rules Board of Trade Revised Electric—
Electn. Feb. 7. W. Feb. 29.

—see Illumination. Rzl.ilway.

LIGHTNING and Blast Furnaces.—Electn.
Feb. 21. W, Mch. 14.

—Arresters—W. R. Garton,
paper, Chicago Elec. Assn. St.
15. 1400 w. M. Apr. Elec. Eng.
19. W. Mar. 7

—Protection Against—Wurtz, Elec. Power.

Abstract of
Ry. Feb.
Feb.

Mar. W. Apr. 11.
—Protection  of Electrical Apparatus
Against—Cas. Mag. Mar. W. Apr. 11

P. Apr.
LINER, on a Tail End Shaft, A Loose—

Mac Hine. Eng. Gaz. Feb. 800 w. M.
Apr.
LINE, Transposition—J.of Elec.Feb, W

Apr. 4.
LIQUIDS, Hall Phenomenon in—Bagard,
L’'Ind. Elee. Jan. 25, W.Feb. 22.
LOADING of Lumber Lumber and Timber,
Standard—P. Leeds. Ry. Mas. Mech.
Mar. 500 w. M. Apr.




132 The Wisconsin Engineer.

Towa
Lite Mnsurance 2=
dompany.

PRINCIPAL OFFICES :

7/6 Sioux City, fowa,
‘“-/ Chicago, Mllinois,

0>

C. E. MABIE, President.

5. H, SWEET, Vice-President. GEO. B. SWIFT, Second Vice=President.
R. E. SACKETT, Secretary. 0. D. WETHERELL, Treasurer.
J.H. STOWELL, Medical Director. E. L. BARBER, General Counsel.

CRAIG L. WRIGHT, Attorney for lowa.
A. T. PARISH, Superintendent of Agents.

e
Premium Receipts, 1895, - - - $205,084.59
Interest and other receipts, 1895, - - - 34,076.26:
Total Amount Paid-Policy Holders since Organization, 841,550.75
New Insurance written during 1895, - - 5,432,408.37
Insurance in force December 31, 1895, - - 8,121,892.20
0>

All policies are Absolutely Secured by a
deposit with the State of Iowa, of the
Full Reserve or Cash Value.

L B

Agents desiring first-class contract,
salary or commission, address

W. F. Gorrell & Son,

315 Manhattan Building, Chicago.

Dlease mention Wisconsin Lngineer when you write.
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LOCKS on the Coosa River, Ala., Concrete
(111.)—Charles Firth, Eng. News. Feb. 20.
1700 w. M. Apr.

LOCOMOTIVE Expense vs. Cost of Trans-
portation—West. Ry. Club. R. Mas.
Mech. Jan. 1000 w. M. Feb.

—for the Vandalia, Ten-Wheel Pittsburg
Compound (Ill.)—Loe. Eng. Feb. 400 w.

—in Baltimore, Experience with the Elec-
tric—L. H. Parker, 8t. Ry. J. March.

3200 w. P. Apr. M. Apr.
—N. Y.,,0. & W. Pa. (Ill.)--Loc. Eng. Feb.
800 w.

—Service—J. H. M’Connell,
Jan. 10. 2000 w. M. Feb.
—Performances, Uniform Reports of—G.
W. Cushing. Loc. Engng. Mar. 1200
w. M. Apr.

—Testing the B. & O. Electric—L. H. Par-
ker, R. Gaz. Mar. 6. 1500 w. M.

Apr.

—Test of the B. & O.—Elec. Ry. Gaz.
Mar. 7. Elec. Eng. Mar. 4. Elec. Rev.
Mar. 11, W. Mar. 21.

—The Coming—Webb, Elec. Eng. Lond.
Feb. 7. W. Feb, 29.

—The Jenny Lind (Ill.)—Eng. Lond. Jan,
10. Serial. Part 1. 1200 w.

—The Modern—Wm. Rowland. Prac.
Feb. 14. Serial. Part 1. 4300 w.
Apr.

—The Westinghouse-—Baldwin
(Ill.)—Elec. Eng. Feb. 26. 500 w.
R. Gaz. Mar.6. 3000 w.

LOCOMOTIVES and Fast Runs, Some
Pa.—Ry. Age Jan. 10. 900 w.

—Electric — De Grieges, L’Elec. Mar. 7.

W. Mar. 28,

-—Hauling Capacity of—H. H. Vaughan,
Abstldl,t of paper, N. W. Ry. Club. Ry.
Rev. Jan. 25. 2700 w. W. Mar. 21.

—High Speed Compound—R. R. Gaz. Jan,
3. 1500 w. M. Feb.

—O0ld Gt. S’n & W'n Ry. (Ill.)—FEng. Lond.
Jan. 24, 300 w.

—on Common Roads, Steam—W. Fletcher,
Eng. Lond. Jan. 17. Serial. Part 1.
3300 w.

—Recent Improvements in
Construction of —R. R. Gaz. Feb. 7.
rial. Part 1. 2000 w.

LUBRICATION of Plain Parallel Surfaces,
Theory of—Deely and Wolff, Eng. Lond.
Jan. 10. 3000 w.

MAGNETIC Fields, Alloys in—Beattie,
Elec. Eng. Lond. Feb. 21. W. Mar. 14.
—Influences of the Planets—Electn. Feb.

7. W. Feb. 29.

—-Permeability of Iron and Steel—Max Os-
terberg, Sch. of Mines Quar. Jan, 1700
w. M. Apr.

—Properties of Iron and Steel—J. A. King-

R. R. Gaz.

Eng.
M.

Electrie

R.

Design and
Se-

dom, Elec. Rev. Lond. Jan. 3. Elec.
Jan, 22. P. Feb.

—Tests for Sheet Iron—(Prof. KEwing’s
apparatus.) Seci. Am. Sup. Feb. 15.
1000 w. M. Apr.
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—Tractive Force, Maxwell’s Equation For—

Jones, Electn. Mar. 20. W. Apr. 11.
MAGNETISM, Energy dissipated by —
Mourain, I’Ind. Elec. Feb, 25. W. Mar.

21.

MAGNETS for Lifting Purposes, Electro—
H. C. L. Holdon, Elec. Rev. Lond. Feb.
14. W. Mar. 7.

MAGNETIZATION of Iron Wires, Cir-
cular—Klemencic, Elek. Zeit. Jan. 30.
W. Feb, 22.

MARBLE SLABS, Fastening Bowls to—
E. S. Marsh, Dom. Engng. Feb. 450 w.
M. Apr.

ARI\F Propulsion, Caleulation of Horse-
Power for—T. English, Ind. & Ir. Feb.
14, 1300 w. M. Apr.

—=Salvage Appliances, Patent (Ill.)—Marine
Eng. Feb. 1. 1100 w.

MAXWELL'S Law—Cole, Electn. Feb. 21.
W. Mech. 14.

MEASURING Instruments — Klec. Eng.
Lond. Jan. 10. P. Feb. W.Jan. 11.
MEASUREMENTS, A Systematic Treat-
ment of Electrical —H. C. Parker. Elec.

Pow. Jan. P.Feb. W. Feb. (.

MECHANICAL Movement, A Curious
(Illy—C. W. MacCord, Stevens In. Jan.
1400 w.

MELDOMETER—Ramsay and Eumorfa-
poulas. Electn, Feb. 28. Illec. Eng,
Lond, Feb, 28. W, Mar. 21.

METALLURGIC Dust and Fume, Meth-
ods for the Collection of—DN. W. Iles.
Sch of Mines Quar. Jan. 16590 w. M.
Apr.

METALLURGY, Some notes on Eastern—
Ir. & Coal Trs. Rev. Feb. 7. 1800 w.
M. Apr.

METALS, Micrographic Analysis of—J, O,

Arnold. Ir. & Coal Trs. Rev. Jan. 31.
2200 w. M. Apr.

METERS, Electric—L. H. Laudy. Elez.
Jan. 29. P, Mar.

—Volt and Ampere—J, Warrcn.,  Elec.,
Lond. Jan. 10. Serial. Part L. 13500 w.
M. Mar,

METRIC and English Systems of Weights
and Measures, Comparison in Practice—
A. Lagron. 10 An. Rept. IlI. Soe. Eng.
& Sur. 2200 w.

—System and Standard Screw Threads—
Edit. Engng. Jan.17. 2800 w. M. Mar.

MINE, Timbering, Methods of (11l.\—Min.

J. Nov. 23 Serial. Part 1. 2800 w. M.
Jan. Aust Min. Std. Jan. 23. 2000w, M.
AI)I‘.

MINER, The Wood’s Dry Placer—Min, &
Sci. Pr. Feb. 8. 650 w. M. Apr.

MINERAL Industry of the United King-

dom—Col. Guard Jan. 17. Seria!l. Part L.
5500 w.

—Interests of the South in 1895 —Trades-
man Jan. 1. 10000 w. M. Feb.

—Resources of Spain—R. W. Barrington,
Ind. & Ir. Jan. 10. Serial. Part 1.
800 w,
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FACTS THAT ENFORCE CONVICTION AND
CONFIDENCE.

Lord’s Botler Compounds

ARE EXCLUSIVELY used by the U. S. Government, and 10 Foreign
Navies and Engineering Departments,

ARE EXCLUSIVELY represented and largely sold in every civilized
country on the globe; thus enjoying a worid-wide
reputation and demand.

ARE EXCLUSIVELY recommended in our best modern works on Steam-
IEngineering.

This unsurpassed library of fifty volumes may be attained as an out-
right presentation by all patrons of Torn's Boil:r COMPOUNDS.

Theory Versus Practical Experience.

Recently many speculative theorists have advertised on the market

numberless chemical specialties, such as,

TRI SODIUM PHOSPHATE—SODIUM TANNATE—SODIUM FLUORIDE, &
each specialist representing his favorite expedient as of unapproachable
and surpassing merit.

PRACTICAL EXPERIENCE AND APPLIED CHEMISTRY refutes the ex-
treme claims of these theorists, and while conceding the value of these
reagents, yet establishes the truth that their specific values are only best
attained when they are subject to intelligent application; their relative
superiority when compared critically being entirely dependent upon the
character of the feed-water used.

REMEMBER THAT THESE AND MANY OTHER EQUALLY VALUABLE
REAGENTS, are invariably used in the formulation of Lorp’s Borrer Cow-
rounps. Kach compound sold under this trade mark being scientifically
formulated to meet each variety of natural water used by our patrons,

AN ANALYTICAL DEPARTMENT CONDUCTED BY (3) THREE EXPERT
WATER CHEMISTS, replete with the latest improved chemical apparatus is

.at the disposal of our patrons, and we are glad at all times to furnish
analytical reports, and all other desired information.

WE RECITE AN EXPERIENCE OF 36 YEARS devoted exclusively to the
chemical purification of natural waters; and think that our mature and
successful career justly entitles us to your confidence exclusive of all

competitors.
WE SHALL BE GLAD TO CORRESPOND WITH YOJ and our best ser-
vices are always at your disposal. Address all communications to

GEO. W. LORD,
ANALYTICAL AND

MANUFACTURING 316 UNION STREET,
CHEMIST. PHILADELPHIA, Pa.

Please mention Wisconsin IEngincer when you wirile.
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MINERALS Containing
Yttrium—L. Schmelck.
Wid. Jan. 10. 800 w.

MINES and Manufactures of Pennsylvania
in 1866—Ir. Age. Jan.2. 2400 w. M.
Feb.

—and Plant of the El Carmen Co., Villal-
doma, Mex —H. Souder, Pro. Eng.
Club. Phila. Jan. 5000 w.

—in the Slocan County—C. F. Caldwell,

Thorium and
Am, Mfr, & Ir.

Mining Jan. 2200 w.
—Lightning Hydraulic (Ill.) —W. W.

Briggs, J. of Elec. Jan. 600 w. M. Apr,.

—sgee Agsay. Coal. Copper. Electric Plant.

%}'e. Percussion. Pit. Reduction. Stamp.
in.

MINING Distriet, Milling in the Cooney —
C. Anderson. Eng. & Min. J. Feb. 15.
500 w.

—Engineering and Economic Resources of
Illinois — 10th An. Rept. of Ill. Soc. Eng.
& Surv, 450. w.

—Industry, The Future of the South-
African — Min, J. Feb.22. 1800 w. M.
Apr.

—Plant — Eng. and Min. J. Mar. 28. W.
Apr. 11.

—Machinery, Transporting (Ill.)— Min. &
Sci. Pr. Feb. 15. 600 w. M. Apr.

—Operations Creating a Market for Ameri-
can Machinery, Mexican — Mfr’s. Rec.
Jan. 24, 1300 w.

— Operations, The Use of Congelation in
Col. Gaurd. Feb. 21. Serial. Part 1.
3700 w. M. Apr.

—OQperations, The Uses of Electricity in—
Ir. & Coal Trs. Rev. Jan. 31. Serial.
Part 1. 1400 w. M. Apr.

—Rights, The Question of Extra Lateral—
A. H. Wethey. Eng. & Min. J. Jan. 11.
2400 w.

—Titles on Spanish Grants in the United

States—R. W. Raymond. Tr. A.I. Min,
Engs. Feb. 3000w, M. Apr,
—Ventilation Metal—A. Williams, Jr., Col.
Eng. Feb., Serial. Part 1. 5500 w.
M. Apr.
—see also Sluicing. Stamp. Ore. Colliery.
Electrical. Eclectrieity.

MODERN Apparatus vs. Existing Condi-
tions—M. Barnett. Abst. paper, Northw’n
Elec. Assn. Elec. Eng. Jan. 22, 2500 w.
M. Mar.

MORTAR Cement, Effects of Fineness of
Sand on Strength of—Eng News. Jan.
23. 1200 w. M. March.

MOSAICS: Comatesque Work at Terra-
cina, Italian (Ill.)—Arch. & Build. Feb,
1. 800 w.

MOTOCYCLE Contest, The Chicago—Am.
Mach. Dee.19. 3700. M. Feb.

MOTOR and Boiler, The Schmidt Super-
heated steam (Ill.)—Eng. Lond. Jan, 31.
1200 w.

—A new Alternating Current Power—Elec.
Rev. Jan. 15. P. Feb.

185

—A  Steel Cased
400 w.

—C(Care and Repair at Indianapolis—St. Ry.
Rev. Jan. 15. 3000 w. P. Feb.

—Design of a One Kilowatt—A. D. Adams.
Elec. Wild. Jan. 4. P. Feb.

—Experiments, Wave (Ill.)—Jour. of Elec.
Jan. 1. 1800 w. M. Apr.

—for blowing a church organ; How to In-

(Ill.)-~Elect'n Jan 10.

stall an Electric—S. H. Sharpstein,
Elec. Eng. Feb. 26. 1300 w. P. Apr.
W. Mar. 7.

—or Dynamo, The Storey (Ill.)—Can. Eng.
Jan. 1200 w.

—The Induction—Dr. L. Bell, (Cas. Mag.

Jan. W. Jan. 18. P. Feb.
MOTORS, Alternate-Current — Rhodes,
Elec. Rev. Lond. Jan.31. W. Feb. 22.

—and Generators, Some Recent (Ill.)—
(Walker Mnfg. Co.) St. Ry.J. Jan. 2800
w. M. Feb.

—and Their Power, Water (Ill.)—G. D.
Hiscox, Sci. Am. Sup. Feb. 8. 1800 w.
—Comparison between Continuous and
Polyphase—Duez, J. Inst. Elec. Eng.
Feb. W. Mar. 7.
—Efficiency of—Edit.

700 w.

—Graphical Calculations of Multiphase—
Heyland, Elek. Zeit. Feh. 27. W.
Mar. 21.

—Graphical Theory of Polyphase—Blondel.
L’Ind. Elec. Feb. 25. W. Mar. 21.

Prac. KEng. Jan. 17.

—Polyphase—Edit. Eng. Lond. Jan. 3.
P. Feb.
—Regulating—Elec. Eng. Apr. 15, W.

Apr. 25.

—Regulation of Railway—Elee. Ry. Gaz.
Feb. 29. W. Mar. 21.

—~8Some properties of Synchronous—Kolben,
Elek. Zeit. Dec. 19. W. Jan. 11. Elect.
Eng. Lond. Jan. 31. 1200 w. M. Apr.

—Testing Railway—Hanchett, Elec. Ry.
Gaz. Mar. 14. W, Mar. 28.

—-Theory and Calculation of Agynchronous
Alternating current —A. Heyland, Electn.
Feb. 14. Serial Part 1. 2500 w. M.
Apr. W. Mar.7. P. Apr.

—Theory of Rotary Current—Elek. Zeit.
Jan. 30. P. Apr.

—Theory of Three-Phase—Blondel. Elek.
Zeit. Feb. 13. W. Mar. 7.

—Torque of Two-Phase—W. D. Ball, Elec.
Ind. Jan. P. Feb.

—8See Electric, Gas. Water.

MOLDER and His Art, The American—
S. Bolland, Mach. Jan. 3200w. M. Feb.

MOLDING Cone Pulleys—G. O. Vair,
Am. Mach. Mar. 5. 650 w.

—=8Sand and its Preparation for Molds and
Cores—Foundry Feb. 2300 w.

NAVATL Officers, The Training of French—
Edit. Engng. Feb. 14, 2500 w. M. Apr.

NAVIGATION, Submarine—J. P, Holland,
Lecture. Sib. J. Engng. Jan. 6500 w.

NAVY, Present Strength of New U. S. (Il.)
—8Sci. Am. Sup. Jan. 18. 2000 w.
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Guaranteed to be superior
to any imported cement.
T S T P B S D
ooy I°OIRTLAND
EXCLUSIVELY

IN THE

HAVEMEYER BLDGS.,
AMERICAN SURETY BLDG.,, G E M EN I

JOHNSON and PRESBY TERIAN Bldgs.,
ATLAS CEMENT CO,,

NEW YORK CENTRAL

143 Liberty St,, New York.
R. R. BRIDGE OVER HARLEM RIVER, = perty St. New Yor

# |

~—=T\. S. KLAUBEKR & CO., =s—

CLOTHING A" FURNISHING GOODS,
FINE TAILORING.

23 E. nam ST MADLISOY, WIS.

NIELSON the

23 South‘ :Pmckney;\Str'e;t
FINEST CABINETS $3.00 PER DOZEN.

Plecse wention Wisconsin Engineer whe o gon write,
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—~8See Engineer. .
NEGLIGENCE, Contributory—Ry. Age.
Feb. 15. 1500 w.

NIAGARA Plant, Model of—Dunlap, W.
Elec. Apr. 18. W. Apr. 25.

—Route, Advantages of—J. W. Miller. An
Am. Acad. Jan. 1700 w. M. Feb,

NINETY and Nine, The—J. N. Barr, Paper,
Western Ry. Club. R. R. Gaz. Feb. 21.
2500 w. M. Apr.

OIL as a Fuel for Core Ovens—H. Hansen.
Paper, Western Foundry-men’s Assn.
Foundry. Feb. 2800 w.

—Field, Wyoming, The Salt Creek (Ill.)—
Eng. & Min. J. Jan. 25. 1200 w.

—Fuel for Locomotives on Los Angeles Ry.
Ry. Rev. Jan. 18. 1000 w.

OILING, Automatic--R. R. Gaz.
900 w. M. Feb.

OLYMPION at Vienna, The—Sci. Am. Sup.
Feb. 29. 900 w. M. Apr.

OPEN HEARTH Furnace of 1867, The
Nashua. S.T.Wellman. Ir. Age. Jan.
2. 600 w. M. Feb.

PERATING Expenses; A Study—R. R.
: Gaz, Jan. 3. 1500 w. M. Feb.

07 RE Deposits, A Study in Some—F. D.
Johnson, Aust. Min. Stand. Jan. 30.
2800 w. M. Apr.

, Deposits of the Australian Broken Hill

¢ Consols Mine—Geo. Smith, Tr. A. I.

_ Min. Eng. Feb. 3400 w. M. Apr.
—Deposits of the Malaga Serpentines—F.

Gillman, Min. Jour. Feb. 15. 2500 w.
M. Apr.

—Experiment, The Kinkead Waste Rock
(I11.)—Min. & Sci. Pr. Jan. 25. 800 w.
—Hoists and Conveyor’s, The King Bridge
Co.’s (Ill.)--R. R. Gaz. Jan. 3. 1000 w.

M. Feb,

—Sampling, The Theory and Practice of—
D. W. Brunton, Tr. A. I. Min. Eng. Feb.
4000 w. M. Apr.

—8Sampling, Comstock—J. D, McGillivray,
gﬂ[in. & Sci. Pr. Feb. 29. 3200 w. M.

pr.

—Trade, The Lake—F. B. Richards, Ir.
Age Jan, 2. 3000 w. M. Feb.

—Treatment of Low Grade—I. B. Kirby,
Min. & Sei. Pr. Jan. 18. 3000 w.

—Treatment: Cyanide and Chlorination—
W. P. Harvey, Min. & Sci. Pr. Jan. 11.
2300 w.

‘ORES, Amalgamation of Rich Free Gold—
F. Hille, Eng. & Min. J. Feb. 8. 1000 w.

—Smelting of Titaniferous—A. J. Rossi, Ir.
Age Feb. 6. Serial. Part 1. 4200 w.

—Testing the—Min. & Seci. Pr. Feb. 22.
450 w.

PAINTING of Iron Surface, The—J.
Spennrath, Am. Gas Lgt. J. Mar. 2. 2800
w. M. Apr.

PARAFFIN and Resin Oil, Effect of Tem-
perature on the Resistance of—H. P.
Gaze, Electn. Feb 7. 1400 w. M. Apr.
W. Feb. 29. P. Apr.

Jan., 3.

O
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PARKHEAD Forge, Rolling Mills and
Steel Works (Ill.)—Eng. Lond. Feb. 7.
Serial. Part 1. 3500 w. M. Apr.

PATENTS Expiring in the Present Year,
British Electrical—Eleen. Jan. 3. W.
Jan. 25.

—of 1894, Electrical—Engng. Dec. 20. 700
w. M. Feh.

—Worth Anything. Are—C. D. Frost, Ind.
Rub. Wid. Feb. 10. 1400 w. M. Mar.
PATTERN Shop Supplies——J. M. Richard-

son, Mach. Feb. Serial. Part 1. 1600 w.

PAVING, Comparative Value of Side Cut,
End Cut and Repressed Brick for Street
—T. C. Tridell, Brick. Feb. 1300 w.

—Brick, Standard Specifications and Meth-
ods of Testing—Pav. & Mun. Eng. Jan.
3800 w. M. Febh.

—~Construeting Brick—A. D. Thompson,
10 An. Rept. Ill. Soc. Eng. &. Surv.
8500 w.

—County Highways--W. S. Williams, Clay
Rec. Feb, 26. 900 w. Brick. Mar.
1100 w.

—=8ee also Brick. Asphalt.

PAVEMENTS the Best, Brick.— M. H.
Underwood, Brick. Mar. 3300 w. M. Apr.

PEAKS—See Submarine.

PERFORATORS, The New Rock (TIl.)—
L. Thiriart. Col. Guard, Jan. 17. 2500 w.

PEKCUSSION Fuses and their Suitability
for Fiery Mines—J. van Laner, Col.
Guard. Feb. 7. 1100 w. M. Apr.

PERMEAMETER--O. Helmer, 1> Elect.
Jan. 4. P. Feb. W. Jan. 25.

PHENOMENA and Research — G. J.
Stoney, Electn. Oct, 8. 1600 w. M. Dec.

PHOTOGRAPHERS, Incandescent Gas
Lighting for--Pro. Age Feb.15. 1900 w.
M. Apr.

PHOTOGRAPHIC Plates, Manufacture

of—8ei. Am. Sup. Dec.21. 1400 w. M.
Feb.

—Work, Prof. Roentgen’s——Elec. Eng. Jan.
29, W. Feb. 8.

PHOTOGRAPHING Hidden Objects by
the Arc Light-—J. H. Robertson, Elec.
Eng. Feb.19. 700 w. M. Apr.

—the Unseen—LElec. Rev. Lond. Jan.
1000 w. P. Mar.

—Through Opaque Bodies—Electn. Jan. 10.
W. Feb. 1.

PHOTOGRAPH Taken by the Moore
““Etherie”” Light (11l.)—Elec. Eng. Feb. 5.
600 w. W. Feb. 15.

PHOTOGRAPHY, Apparatus for Copying
and Enlarging by—A. P. Wire, Sci. Am.
Sup. Mar. 7. 2500 w.

—A Week’s Progress in Shadow—Elec.
Eng. Feb. 19. 700 w. M. Apr.

—Dark Light--C. J. Keed, Elec. WId.
Feb. 1. 1000 w.

—-for Engineers——J. W. Alvord, 10th An.
Rept. of Ill. Soc. of Eng. & Surv. 1800 w.
M. Jan.

—of the Invisible Without the Aid of a
Crookes’ Tube (I1l.)—W. J. Morton, Elec.
Eng. Feb, 5. 800 w.

24.
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x By e T T e saTETEEE
T R NUATER MAN'S IDEAL FOUNTRIN PEN. = o

CO-OPERATIVE

B i R

ASSOCIATION.
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If you have a want,
call and we will fill it.
A full line of Stationery,

§

‘ Photographic Supplies,,
c‘:/{/jj Athletic Goods,
and Fountain Pens.

The only tirm in Madison carrying a full line ¢f
Engineering Supplies.

Sole Agents for the Stanley Dry Plate.
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—The New--Elee. Wid. Feb, 8. 3700 w.
P. Mar. W. W. Stine, W. Elec. Feh. 22,
1900 w. M. Apr. W.Feb. 20,

—with Invisible Radiations—Elec. Feb.
26. M. Apr.

- X Ray--Elec, Rev. Feb. 12. M.
Apr.

PHYSICAL Science, Some of the objects
and Methods of--A. A. Michelson. Elec.
Eng. Jan. 1. P. Feb.

PHYSI(‘S, How to Look Up References in—
E. L. Nichols. Sib. J. Engng. Feb. 2000
w, M. Apr.

PILASTER. The Persistent—Edit. Build.
Jan. 18. 2000 w.

PILLARS: An Analysis, The Strength of—

1300 w.

La. Eidlitz " Am. Soc. Civ. Eng. Feb.
8500 w. M. Apr.
PIPES, Casting Pump (Ill.)—~Eng. Lond.

Jan. 24. 1600 w. M. Mar.

—Remarks on Steam--J. T. Milton. Abs.
paper, Inst. Nav. Arch. Electn. Dec. 18.
2500 w. M. Feb.

PIT, Simultaneous Sinking and Tubbing of
a New French -— L. Thiriart. Col. Gaurd.
Feb. 7. 3600 w. M. Apr.

PITTSBURG as an Iron Center —Wm.
Metcalf. Ir Age Jan, 2. 2700 w. M. Feb.

PLACER Deposits in New Mexico — C. A.
E[ed};e Min. Ind. & Rev. Feb. 13. 2700 w.
] £

PLACERS Wyoming, The Douglae Creek

—E. Snm\ Eng & Min. J. Dec. 7.
2000 w.

PLANNING the Work —(Of heating in-
.ztallations) Mas. St. Fit. Feh. 1200 w. M.
Apr.

PLANT at Guatemala, A Polyphase—
Eng. and Min. J. Mar. 28. 'W. Apr. 11.
—in the Soignes ernes, Polyphase —W.

Elec. Dec. 28, W. Jan. 4
Ww.

—Niagara Falls.— W, Elec. Feb.

Feb. 22.

—Operated by Artesian Welis—W. Elec.
Mar. 7. W. Mar. 28.

PLUNGER Jigs, The Cycle of —R. H.
Richards. Tr. A. I, Min. Engs. Feb. 2800
w. K. Apr.

PORT of Shanghai and China’s Trade —
Cons. Reports Jan. 2200 w.

POWER, A Coming Revolution in—F. J.

15.

Patten, (Gas Engines.), New Sci. Rev.
Jan. 2000 w.
—and Gearing,

Motive — Carter, Electn.

Jan. 3. P. Feb.

—and Light from Single Phase Alterna-
tors, Distribution of —Mahoney, Elec.
Eng. Mar. 18. W. Mar. 28.

—at Nldgdrd, Distribution of—F. L. Pope
and R. W. Pope, Eng. Mag. Dec. W.
Dec. 14.

—Consumption on Electric Railways—A.
K. Baylor, Ind. & Ir. Jan. 3. P. Feb.
W. Dec. 21.

—for Plowing, Electric—Elek. Zeit. Jan.
16. W. Feb. 15.

—House of the North Chicago Railway,
The—Elec. Rev. Feb. P. Mar.
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—in Canada, Electric—J. 8. Robertsons

Cas. Mag. W. Jan. 25. P. KFeb.
—Plant Lower Niagara Falls—Eng. News.
Mar. 26. W. Apr. 4.

—plant at Milwaukee Harvester Co’s Works,
Westinghouse Two-phase (Ill.) — Elec.
Eng. Feb. 12. 1200 w. M. Apr. P.
Mar.

—Plant of Farr Alpaca Co. (Ill.)—Eng. Rec.
Jan. 4. 1800 w. M. Feh.

POWER STATION at Portland, Me.—
Elec. Eng. Mar. 4. W. Mar. 28.

—at Staten Island—Elec. Ry. Gaz. Mar.
14. W. Mar, 28,

— System, The Arnold Electric—E. R. Cun-
ningham, Elec. Wid. Jan. 25. Elec.
Rev. Jan.29. P. Mar.

POWER Stations, The
Electrie—C. J. Field,
P. Apr.

—Transmission—See Portland.
Central Station. Railroad.

—See Electric. Transmission.

PRESSURE, The Development of a Low
(Ill.)—Elec. Rev. Lond. Dec. 20. 4500
w. M. Feb.

Development of
Cas. Mag. Mar.

Collieries.

PROPELLER, The Pendulum (I1l.) —H. C.
}To‘f{t. Steamship Jan. 3800 w. M.
eb.

PROSPECTING for Gold—Col. Eng. Feb,
Serial. Part 1. 2500 w. M. Apr,

—with the Diamond Drill (1ll.)--J. P.
%hrtnning Eng. Mag. March. 4500w,

Apr

PUMPING Installation, An Electric (I11.)—

P. R. Bjorling, Col. Guard. Jan. 10.
1200 w. M. March.

—Machinery, Electric—C, A. Hague. Cas.
Mag. Jan. Klec. Jan. 22, P. Feb.
W. Jan. 18.

—Station—West, Electn. Apr. 11. W.
Apr, 18.

PUMP, Mechanical Vacuum— Electn.

Rev. Lond. Jan. 24. W. Feb. 15.

—The Berrenberg Mechanical Air (Ill.)—
Elec. Rev. Lond. Jan. 24. 1600 w.

PYROMETER - See Electrical.

QUADRUPLEX Circuits, The K. R. Law
as Applied to—W. Finn, Elec. Eng.
Jan. 29. 1500 w. W. Feb. 8.

QUARTZ Mining, Ancient—I. B. Storch.
Min. & Sci. Pr. Dec. 21. 500 w. M. Febh.

QUICKSILVER in N. Mexico, Mining and
Metal]urgy of—J., Mactear. Serial. Part
1. Min. Jour. Dec. 28. 3500 w. M. Feb.

—Mining in District of Guadalcazar, Mex-
ico—H. F. Collins, Paper Inst. Min. &

Met. Min. J. Dec. 28. Serial. Part 1.
1800 w. M. Feb.

RADIANT Matter--Wm. Crookes. Elec,
Eng. Feb. 19. 1800 w. M. Apr. P.
Apr. W. Feb. 29.

RADTATION, On a New Form of—W. K.
Roentgen. Electn. Jan. 24, 3500 w.
M. Mar. P. Mar.

RAIL Bonds—8t. Ry.J. Mar. W. Apr. 24,

—Bonds, Testing—Elec.
W. Mar. 28.

Eng. Mch. 18,
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—is not Satisfactory on Paved Streets in
San Francisco, Why the T—S. L. Foster.
St. Ry. J. Mar. 900 w. M, Apr.

—Bonds, Tests of—Dunn.ing. FElec. Ry
Gaz. Feb. 8. W. Feb. 22,

—Joints, Railway—Elec. Ry. Gaz. Mar.
21, W. Apr. 4.

—Joints, Rigid—Elec. Ry. Gaz. Mar. 21.
W. Apr. 4.

—~8Sections and Wheels--Abstract Paper.
Engng. Assns. of the South. Eng. News
keb, 13. 1100 w. M. Apr.

—Third—St. Ry. Rev. Mar. 15. W. Apr, 4.

RATILS, Continuous-—Guillaume, IL’[nd.
Elec. Feb. 10. W. Mar. 7.

—in 1869, Steel—Ir. Age Jan. 2. 3500 w.
M. Feb.

—Insulated—-Elek. Zeit. Apr. 2. W. Apr.

25.
—in the United States, Steel—R. W.
Hunt. Ir. AgeJan.2. 2000 w. M. Feb.

—DMatching Re-Sawed—R. R. Gaz. Jan. 3.
800 w. M., Feb.

RATILROAD Accident and Emergency Ser-
vice—W. L. Derr, Eng. Mag. Feb. 4200
w. M. Feb,

—Alignment Improvements on the Pa.—
Ry. Rev. Jan. 11. 600 w.

-—Company, The System of the Portland,
Me. St. Ry. J. Mar. Elec. Eng. Mar. 4.
W. Feb. 29. P. Apr.

—Eeonomics—R. R. Gaz. Jan. 3.
M. Feb.

—System, The Genesis and Progress of the
Bos, & Me.—-Ry. Rev. Jan. 1l. Sozrial.
Part 1. 2800 w.

—Trains at Very High Speeds, Electricity
for Propelling--H. 8. Maxim. Cas. Mag.
Jan. P.Feb. W, Jan. 18.

~-Travelling in Spain--R. R. Gaz. Jan. 3.
2500 w. M. Feb.

—TFacilities of Suburban, New York (IlL)—
F. Crowell, Eng. Mag. Mar. 4200 w.

——Grade Crossings Under the Illinois Law
—R. R. Gaz. Jan, 10. 2500 w. M. Feh.

——Matters in England—W. M. Acworth.
R. R. Gaz. Feb. 7. 2300 w.

—Work, Emergencies in—L. F. Loree Bull.
Univ. of Wi+."Dzae. 11510 w.

—Future of Elevated - Klapp. Eng. Mag.
Apr.

—in Mass.—Rep. of B'd of R. R. Com.
R R.Gaz. Jan. 2+, 1500 w.

—Ruvaway Trains on Elevated —Edit. R.
R. Gaz. Jan 24 220 w. )

—Srate Control vs. Obligation of Sfa‘e
Protection—Blackstone, Ry Rev. ..
22, 2500 w. M. Apr.

RAILWAY Accidents and Their Causes—
Transp. Feb 14, 1300 w,

—Awakening of the Gt. W'n.—Engng.
Jan. 10, 12 0 w.

— Cedar Rapids anl Marion City (Il1.)—St.
Ry. Rev. Feb. 15. 1500 w.

—Cars, Gas Dr.ven—Electn.
Dec. 23.

1000 w.

Dec. 6. W,
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—Chargesinthe Iron and Coal Industries—
Ir. & Coal Trs. Rev. Jan. 31. 1500 w.
M. Apr.

—Company, The System of the Detroit—
St. Ry. Jour. Jan. 3600 w. M. Feb.

—Division, and Its Work—Eng News
Jan. Y. 8000 w. M, Feb,

—Genevator, Throwing on a—Elec. Ry.
Gaz. Jan. 18, W. Feb. 1.

—in Brazil, Cercovado (Ill.)—I. Gleason,
soc. Engng. Feb, 1000 w.

—Inclined —Eng. News. Mar. 26. W, Apr.
4.

—in Isle of Man, The Mt. Snaefel (IlL)—
St. Ry. J. Feb. 400 w.

—Lighting, Tests of Gas and Lamps for—
Profs. Chandler & Denton, R. R. Gaz.

Dee. 27, 1700 w, M. Feb.
—Narrow-Gauge Light—Engng. Feb. 28.
1300 w. M. Apr.

—Niagara Gorge—Dunlap, Elec. Ry. Gaz.
Jan. 25. W. Keb. 8.

--of Brazil, Central—Gleason, Loe. Eagng.
Mar. 550:0 w., M. Apr.

—Practice, Observations of English—G. B.
Lieighton, J. Ass'n of Engng. Soc Jan.
TUOL w. M. Apr.

—Race, After the Great —Chas. Rous:
Martin, Eng. Lond Jan. 31, 4500 w.
M. Apr.

—Rates too High, Are American—H. I.
Newcomb, Eng., Mag. Jan. 3700 w.

—Shops at Knoxville, Southern (Ill.) -
Loc Eagug. March. 2700 w.

— Statisties, Buropean—LKElec. Eng., Apr.8.
W. Apr. I8

—conduit—Elek. Anz. Mar. 1. W. Mar, 28,

— Train Lighting—Elec. Rev. Dee. 6.
1600 w. M Ieb.

—Trains, Cost of—Ry. Rev. Jan. 18, 700 w.

—Traios, Intercommunication in—J. Pige.
Elec. ling. Lond. Feb, 28. 2000 w. M.

Apr.
—The Old Bodmin and Wadebridge—Ry

Wid. eb. 1400 w.
—Ss=e Traffic. Traction. Signal. Rail.
Car. Freight. Tramway. Shed. In-

terlocking.
RAILWAYS, Cost of Operating English—
Klec. Rev. Lond. Feb. 28. W. Mar. 21.
—in Colorado, Proposed Rleetriec —J. W.

Dickerson. Elec. Ry. Gaz. Mar 7. 2000
w. M. Apr.
—in England—Electn. Jan. 17. W. Feb.8.

—in France, Some Recent Electric—St
Ry. I. Mar. 1000 w. M. Apr,

—in Massachusetts —Elec. R. Gaz, Feb. 8.
W. Feb 22,

—Locking Circuit for—Eng. News Dec. 5.
W, Dec. 14.

—Oriental ([11.)—C. F. Street, Ry. Rev.
TPeb. 8. Serial. Partl. 8800 w. M. Apr.

—Their Construction and Working—W.
R. Smith. Ry.Wld Jan. 4000 w.

—The Profits of United States—Engng.
Feb. 14. 2500 w. M. Apr.
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—See Storage Batteries.
Conduit. Electrie.
cipline.

RAPID Transit Investigation — Barnes.
Elee. Ry. Gaz. Feb. 15. W. Mar. 7.

RATES of Speed and Rates of Freight—
Eng. Lond. Feb. 28. 2800 w. wm. Apr.

RAYS, Absorption of Cathode —P. Lenard.
Elec. Rev. Lond. Jan, 24, Serial. Part
1. 1800 w. P. Mar., W. Feb. 15.

—at Armour Institute Laboratories Ex
periments with X -W. M. Stine. W.
Elec. Feb. 29. 2300 w. P. Apr. W.
Mar, 7.

—and Their Effects, Experiments upon
the Cathode (IlL) A. W. Wright. Am.
J. of Sei. Mar. 800 w. M. Apr. P.Apr.

—Due to Condensational Waves? Are
Roentgen—Kelvin, Elec. Eng. Feb. 19.
P. Apr.

-—Experiments on the X—(Experiments at
Dartmouth and Univ. of Penn.) >ei.
Feb. 14. 10r0 w.

—tor Exhibiting Invisible Objects in Mo-
tion, Application of X —E.P. Thompson,
W. Elec. Mar 7. 700w. P. Apr.

—Mr. Edison’s Experiments with X —Elec.
Eng. Feb. 12. 130) w.

—New Properties of the Cathode—Jean
Perrin, Electn. Feb., 14. 900 w. M.
Apr.

—Observations with Roentgen—Rowland,
Carmichael and Briggs, Am. J. of Sci.

Power Plant.
Eleetricity. Dis-

Mar. W. Mar. 21.

—of Lenard and Réntgen--Oliver Lodge,
Electn. Jan. 31. 4000 w. M, Apr. P.
Mar.

—of Roentgen—IE. Salvioni, Elec. Rev.
Liond. Feb. 21, 800 w. M. Apr.

—on a New Kind of W. C. Roentgen,
Nature, Jan. 23. 2800 w,

~—Produetion of Elec. Phenomena by
means of Rontgen—Righi, Electn. Feb.
21. W. Mar. 14.

—Roentgen, Llectn. Feb. 14. Elee. Eng.
Lond. Feb. 14. Elec. Rev. Lond. Feb.

14. Elek. Zeit. Feb. 13, W. Mar. 7. L.
Ind. Elec. Feb. 25. W. Mar 21. Cave,

Electn. Feb. 21. Elec. Rev. Lond. Feb.
2l. 'W. Mar. 14. Elek. Zeit. Feb. 27.
W. Mar. 21. Preston, Elec. Eng Lond.
Feb., 28. W. Mar. 21. Shettle, Hlec.
Rev. Lond. Mar. 6. Elec. Eng. Lond.
Mar, 6. Elek. Zeit. Mar. 5. W. Mar. 28.
L’'Ind. Elec. Mar. 10. W. Apr.4. Stine,
Carhart, West Elec. Mar. 7—Prof. Sal-
vioni, Elec. Mar 14 W. Mar.2%. Stine,
Elec. Eng. Mar. 11. E. Thompson, J. J.
‘Thompson, Elec Eng. Mar. 18 W. Mar.
28. L’Ind. Mar. 10. Elec. Elec. Rev.
Lono. Mar. 13. Elec. Eng. Lond, Mar. 13.
W. Apr. 4. Tesla. Elec. Rev.Mar. 11 —
Jones, West Elec. Mar. 21—K., P. Thomp-
son, Elec. Eng. Mar,7. W.Electn. Mar. 7.
W. Mar. 28. Dr. Pualuj, Electn. Mar,
2. Elee. Eng. Mar. 20. W. Apr. 11.
Minchin, Eleetn. Mar. 27. Elec. Rev.
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Lond. Mar. 27. Elec. Eng. Mar. 27.
L'Ind. Elec. Mar. 25. W. Apr. 18.
Houston & Kennally, J. Fr, Inst Apr.
W. Apr. 4. Elec. Rev. Lond. Apr. 3.
Elec. Eng. Lond. Apr. 3. W. Apr. 25.
Elec. Rev. Apr. 1. Elee. Eng. Apr. 8.
Sci. Am. Apr. 4 W. Apr. 18, Pupin,
Elec. Apr. 15. Elee. Eng, Apr.15. West
Elec., Apr.18. Am. J, of Sci. Apr. W.
Apr. 25,

—The nature of X —W. E, Case, Elec.
Eng. Feb.19. W. Feb.29. P. Apr.
—The New—S. I. Walker, Elec. Eng.
Lond., Jan. 3L. 1500 w. M. Apr. w.

Feb, 22,

—The Phenomena of the Catiuode—E.
Thompson, Elee. Eng. Feb, 5. 700 w. P.
Mar. W. Teb. 15.

—The X — H. Munsterberg, Sei. Jan. 31.
1800 w. M. Mar. P. Mar.

—to Surgery, Application of the X,— H.
W. Cattell, Science. Mar. 6. 1000 w. M.
Apr.

—which, in their Penetrating Power, Re-
semble Roentgen's X. Rays, Light.— N.
D. C. Hodges, Elee. Eng. Mar. 4. 500
w. M. Apr.

—X— Edit. Elee. Rev. Lond. Feb. 7. 1200
W,

—see Roentgen. Photography.

REAMERS without Clearance — F. R.
Almond, Am. Mar. Feb. 20, 700 w.

RECEIVER and Condenser Drop —
Engng. Jan. 17. 1600 w

RECEIVERS, Heating from Intermediate
— Eng. Ree. Jan. 18. 900 w.

RECTIFIER, A New Electric Current —
Eng. aud Min. J. Jan. 18. 1600 w. Am.
Mar. Jan.23. P. Feb. M. Mar.

REDUCTION Works of Compania Huan-
chacade Bolivia— Eog. and Min. J.
Dec. 28. 2400 w., M. Feb.

REFINING by Electricity, Copper.—Gar-
neau BElec. Age Dec. 14.

— See Nickel.

REGULATING Lamp Socket, Tests of the
Moore - Wm, A, Anthony, Elec. Eng.
Dec. 25. 1000 w. M. Feb.

REGULATION of Pressure — Cowan and
Still, Elec. Apr. 15. FElectn. Apr. 3.
W. Apr. 25. Eilec. Eng. Lond, Mar. 27.
Elec. Rev. Mar, 27. W, Apr. 18.

REPAIR Shops of the West End Street,
Railway Company of Boston—H. P,
Merriam, St. Ry. J. Feb. P. Mar.

RESERVOIR at Buoenos Ayres, Service
(Ill.)—Engng. Feb.7. 700w. M. Apr.

RESISTANCE Boxes—S:recker, Elok,
Zeit. Feb, 6. W. Ieb. 29.

—for Testing, Non Inductive—Fleming,
Eleetn. Feb. 7. W, Feb. 29,

—Wheatstone Bridge for Determining
Low—Reeves, Electn. Mar. 20. Eleo.
Eng Mar. 20. W. Apr. 11.

—See Paraffin.
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RESISTANCES for Measuring Purposes,
Non-1nductive—J. A, Fleming, Electn.
Feb. 7. P. Apr.

—The Reichsanstalt Standard Wi-e—K.
Feussner and =t, Lindeck, Electn. Feb.
14. 4500w, M.Apr. W.Mar.7. P. Apr.

RHEOSTATS ot Loose Graphite - Perriue,
Elec. Rev. June 8. W. June 18.

RIKER'S Island Cribwork--P. E. Nos-
trand, Eng News. Jan. 9. 1200 w. M.
Feb.

RIVER Parrett ITmprovement Scheme —
H. G. I. Barham, Eng. Lond. Feb. 14
7000 w. M. Apr.

— Improvement, The Miss—J. A. Acker-
son, R. R. Gaz. Feb. 28. 2 00 w. w.
Apr,

—Improvement, The Miss.--J. A. Acker-
son and J. B. Johnson, Eng. News.
Mech. 5. 3800 w. M. Apr.

—Navigation Improvement, Present As-
pect of Miss--J. B. Johnson. IEng.
News. Feb, 6. 2000 w.

RIVERS, Mrthod for Approximate Gaug-
ing of—-C K. Grumske. HReport to Cal.

Com. Pub. Wks., Lng. Rec. Mar. 7. 900
w. M. Apr.
—See Waterways. Bunk. Levees. Villa.

RIVET--See Pipe.

ROADBED--See Street Railway.

ROENTGEN, Discoveries of Professor—
Elee. Ind TFeb, P. Mar.

—or X Ray Photography (IlL)--Experi-
ments by Prof. Wright, Sci. Am. Feb. 15.
1200 w.

—Photography--H. § Carhart, W. Elec.
Mareh 7. 400 w.

--Radiographs (Ill.)--Flec. Wid. Mar. 7.
800 w. M. Apr.

~--Radiator--C. H. Lees. Eng and Min. J.
Feb. 15, W. Mar.7. P. Apr.

--Ray Photography—E. H. Hall, Elec.
Eng. Feb. 5. 1500 w,

—Rays— M. L. Pupin, Elee. Feb. 5,
W. Feb. 8. P. Mar, Elee. Wld, Feb. 15,
2300 w. M. Apr. Nature Feb. 20 4800
w M. Apr. lilec. Wid. Feb.22, 2000 w,
M. Apr. J.J. Thomison, Nature Feb. 27,
1500 w. FElee. Wid. Feb, 20, 2400 w
M. Apr. W.D. Hering, Elec. Wld. Mar 7.
1600 w. Pupin, Eng. Mag. Mar. Elec.
Eng. Mar. 25. W. Klee. Mar, 28, Elec.
Age Mar.21. Elec. Mar 21. 'W. Apr. 4.

—Rays, A Few Remarks on Experiments
with (I11.) —M. I. Pupin, Elec. Feb. 12.
2300 w. M Apr .

—Rays and Their Source (I11.)—J. H.
Muras, Elec. Rev. Lond. Feb. 21, 1300 w.

—Rays, Further Experiments with —W. M.
Stine, W. Elec. Mar. 7. 1200 w.

—Rays, Notes of Observations on—Am. J.
of Sci. Mar. 600w. P. Apr. M. Apr.

—Rays, On the Production of Electrie
Phenomena by Means of—A. Righi,
Electn. Feb. 21. 1300 w.

—Rays, Photographic Experiments in Chi-
cagn with (IlL)-F. 1. Perry, W. Elec.
T . 15 1600 w.

1300 w.
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—Rays with Statical Machines (I11.)—M. I-

Pupin. Elee. 1eb. 19. 800 w. M. Apr-
W. Feb. 29,
-—See Rays. Photograph S:iagraph.

ROENTGEN'S Alleged Discovery — Elec.
Jan. 22, 1800 w.

—Discovery—A. C. Swinton, Nature Jan.
23. 800 w. M. Mar.

—Discovery kng. & Min. J, Feb, 1. 2500
w. M. Mar. P. Mar.

—Discovery in Photography (I11) M. L
tupin, Eng, Mag. Mar. 2000 w. M, Apr.

W. Apr. 4.

—Epoch Making Discovery—Tilectn, Jan.
3. 1500 w. M. Apr.

— Light—Prof. E. H. Hall, Am. Gas Lgt,
J.oFeb. 3. 1500w, P Mar. W Feb. 15

— Photographs—-A. E. Dolbear, Elee. Wld-
Feb. 8 (00 w.

—Radiations Kdit.
Feb, 7. 700 w.

—Ray—Schuster and Bottomley. Nature.
Jan. 23. 1800.

—Rays, On the Present Hypotheses Con-
cerning the Nature of -Oliver Lodge.
Eleetn. Teb.7. 330 w, M. Apr.

—Shadowgraphs —R. H. Reed. Elect. Rev.
Feb, 12, 500 w.

ROPE Hanlage—Its Use and Abuse, Wire—
1. E. Hughes. Paper, Ohio In. Min. Eng.
Ir. Tr. Rev. Jan. 30. 2400 w. Col. Eng.
IFeb 2500 w.

ROPES— Sre Transmission.

ROPEWAY at Hall's Mines, Nelson, B, C.
The Hallidie (I11.)—Min. & Sei. Pr.  Feb.
1. 700 w,

—Praetice, An Interesting Example of —
Min. &Sei. Pr. Feb. 22, 900w, M. Apr.

RUBBER Factory, Rule of Thumb in - S.
P. Sharpless. Ind. Rub. Wld. Jan. 10,
1000 w.

— Goods, Harmless Cheapening of —E. F.
Bragg. Ind. Rnb. Wld, Feb. 10. 8C0w.

—Trees of British West Africa—H. Hill.
Ind. Rub. Wid. Jan. 10. 900w M. Feb,

RULES and Regulations for Germany—
Elek, Zeit., Jan. 9. W. Feb. 1,

—Revision of the M. C. B. Interchange—
Ry. Rev. Jan, 18. 4000 w.

SANITARY Needs of Cleveland, Ohio—
Eng. Rec. Feb. 15. 1200 w,

SANITATION, The Berlin System of
House - G. J. G. Jensen. San. Rec. Feb.
14. 1700 w. M. Apr.

SCHOOLS, Correspondence — Roberts.
Elec. Eng. Mar. 25. W, Apr. 4,

—of Mechanical Engineering, Aim and
Scope of—R. H, Thurston. Eng. Mag.
Dec. 1000 w.

—The Theory of Manual Training (IlL).
—A. E Outerbridge, Jr. Eng. Mag. Dec.
2300 w.

SCIAGRAPHS and Electrographs (I11.)—
W. M. Stine. W, Elec. Mar. 7. 1500 w.
M. Apr. P. Apr.

SCREWS, Cutting Square Threaded (T1L.)
—B. Harriman. Mach. Jan. 2.00 w.
M. Feb.

Elec. Eng., Lond-



some Views in the College of Engineering,

University of Tlisconsin,

Reading Room in University Library.

This library centains over 32,000 books
and 8,000 pamphlets, of which "a large
number—about 3,000 volumes—pertain to
the engineering profession. About 200 of
rhe best Americati and foreign periodicals
are taken. The College of Mechanics and
Inginesring subsecribes for seventy-five of
a purely technical character. These lat-
ter are kept in the engineering reading
1com in Science Hall iv order to facilitale

the frequent use of them by the engineer-
ing students. The bound files, which are
unusually complete are kept in the li-
brary. Aside from this collection, stu-
dents have access to the large library of
the State Historical Society (150,000 vol-
umes) which is soon to be located on the
lower campug in our new Library Build-
ing, and the city free library (13,000 vol-
umes) in which may be found many works
ol a technical nature,
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SELF-INDUCTION, Apparatus for Vary-

ing the—Wein, Elek. Zeit. Mar. 5. W.
Mar. 28.
—Measurement of — Armagnat. L'inp.

Elec. Feb. 25, W. Mar. 21,
—Producing a—Wien. Electn. Feb. 21. W.
Mar, 14.

SEWAGE and Zymotic Poisons Paper,
Liverpool Poly. Soe. San. Rec. Feb. 21.
3200 w. M. Apr.

—at Des Moines, la., Gaugings of the Dry
Weather Flow of—Kng. News Feb. 27.
3800 w. M. Apr.

—Disposal at Salford—Eng. Lond. Jan. 17.
2300 w.

—Disposal in Ontario—R. W. Thomson.
Eng. Soe. of Sch. of Prac. Sci. No. &
2500 w,

—PFilter Beds in 1895, The Operation of
the Brockton —Eng. News Feb. 27. 2300
w. M. Apr.

—Purifieation at Pawtucket, R, I. (IlL)—
G. A. Carpenter. Eng., News. Jan. 2
1700 w, M. Feb.

—Worlks, Richmond Drainage and—Mach.
Lond, Feb. 15. 2500 w,

—Underdrainage Purification Plant of S,
Framingham, Mass. (Ill.)—Eng. News
Feb, 13. 1100 w, M. Apr.

—=See Drainage.

SEWER Construction in Water Bearing
Soil—A. W. Gates. 10 An. Rept. I11. Soc.
Eng. & Sur. 2900 w.

—Construction of a Seven oot Single
Ring brick—C. M. Rickard. 10 An.
Rept. 11l. Soc. Eng. & Sur. 1400 w.

—Flashing Apparatus, Portable (IlL)—
Eng. Rec. Feb. 8. 900 w.

—Excavating Machinery (I11.)—Eng. Rec.
Jan. 11. 500 w.

—in Soft Ground at Lynn, Mass., The Dis-
loc(:)ation of a Brick—kng. News. Feb. 13.
400 w.

—8See also Brick. Drainage.

SEWERAGE and Street Cleaning of Vien-
an M. Judd, San. Jan. 2000 w.

SEWERRS of Paris; Inverted Syphon under
the Seine—Seci, Am. Sup. Jan. 25. 700 w.

—System of Syphon and Refuse Holder
for Street Gullies (111.)—San. Rec. Feb.
21. 1800 w. M. Apr.

—Table for Computing Flow in--Eng. News
Jan. 16, 600 w,

—upon the Efficiency of Automatic Flush
Tanks, Effect of Size, Grade and Length
of—10 An Rept. Ill. Soc. Eng. & Sur.
900 w,

—Ventilation of —W. F. Van Buskirk, Eng,
Soc. of Sch. of Prac. Sei. No. 8. 1400 w.

SHAFTS, Strength of—C. L. Griffin, Am.
Mach. Feb, 20. 200w. M. Apr.

SHIPPING Bounties, French — Edit.
Engng. Jan. 31. 1100 w. M. Apr.

—on the Great Lakes (I11.)--Yale Sci. M.
Feb. 2800 w.

—8See Vessels. Navy. Tronelad. Architec-
ture. Torpedo. Fleets, Steamships. Boat.
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SHOCK, D’Arsonval s Treatment for Elec-
tric —Elec. Rev. Jan.8, 1200 w. M. Feb.
P.Feb. W, Jan. 18,

SHOP Handling, On Wastes and—J. Rich-
ards, Ir. 1r. Rev. Jan. 23. 1600 w. M.
Mar.

—Observations inan Old (T1L.) - Mach. 1100
w. M. Mar.

SHOPS, Special Features Seen in British
Work—J. E. Sweet, Mach. Feb. 2500 w.

SIGNAL-—See Electric.

—System, Agreements, Contracts, Speci-
fications, Installation and Repaisr for—
W. H. Elliott, Soc. Engng. Feb. 5000 w.

SILVER Ores, Notes on the Assay of
Rich—E. H. Miller and C. H. Fulton,
Sch. of Mines Quar. Jan. 2700 w. M.
Apr.

—Sulphides, The Assay of—Tr. A, I. Min.
Eng. Feb. 700 w. M. Apr.

—See Gold.

SKATE, The Making of a—Ir. Age Jan, 2.
5500 w. M, Feb.

SKETCHING—O. H. R. Soc. Engng. Feb.
2400 w. M. Mar.

SLAG, Device for Elevating Granulated—
Eng. & Min. J. Jan. 18. 400 w.

SLAGS and Mattes at Smelting Works in
the Western United States Handling
of—Wm. Braden. Tr.A.L of Min, Engs.
Feb. 3700 w. M. Apr.

SLATES: Their Geology, Chemistry and
Architectural Value, Westmoreland—
J. J. Thomas, Jour. Roy. Inst. Brit. Arch.
Jan. 23, 5200 w, M. Apr.

SLEEPERS, Steel—Jas. Whitestone. Eng.
Lond. Feb. 7. 1600 w. M. Apr.

SLIDING Surfaces. Modern Data on the
Phenomena of—J. H. Cooper, Mach.
Jan. Serial. Part 1. 2000 w. M. Feb.

SLIDE Rest, Invention and Development
of —W. F. Durfee, Am. Mach. Jan. 23
2800 w.

SMELTING Works, Hamilton (I11.)—Can.
Eng, Jan, 1800 w.

SMOKE Prevention and Smokeless Fur-
naces—Eng. News Jan. 2. 7000 w. M.
Feb

—8See Suction,

SNOW Sheds on the Central Pacific R. R.
(111 )—Safety V. Feb. 900 w. M. Apr.
SODA Works at Niagara—Elec. Eng. Apr.

15. W. Apr. 25.

SOLUTIONS—A. W. Connor, Eng. Soc. of
Sch. of Prae. Sci. No, 8. 7000 w. M.
Deec.

SOUNDER, Cardew’s Vibration—Elek.
Zeit. Feb. 20. W, Mar. 14.

SPARKING (Ill.)—Hanchett, Elec. Ry.
Gaz. Mar. 28, W. Apr. 11.

SPECTRA of the Bunsen Burner and Ex-
hausted Bulbs—Birchmore, Elec. Eng.
Mar. 25. W. Apr. 4.

— Spark—Gramont, Elec. Rev. Lond. Jan.
31. W. Feb. 22,

STAGES, Modern Theatre (Ill.)—E. O.
Sachs, Engng. Jan, 17. Serial. Part 1.
3000 w. '
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Tron-Working Shop.

THE MACHINE RCOM is located on
the first floor of the Machine Shop Build-
ing. The equipment is very complete
and affords good facilities for mechan-
ical practice. The room is large (130 ft.
hy 42 ft.) and is well lighted, there being
windows on three sides. The room can
zlso be lighted by arc lights, a dynamo
being provided for this purpose. The
power is supplied by a fifty horse-power
Cummer engine placed at one end of the
reom, but by throwing cn a friction clutch
the line shafting may be driven by the
Weston engine in the Electrical Labora-
tory. The equipment of machine tools
includes a large nuvmber of lathes, sev-

c¢ral drill presses, planers, milling ma-
chines, shapers, emery wheels and also
a grinding lathe. There is bencl room
for 22 students, for the work in chipping,
filing and scraping. The elementary
work consists of exercises of which no
rractical use is made but later tool mak-
ing is tuken up, keeping the Tool Reom
supplied with taps, dies, reamers, arbors,
ete. Generally some piece of machinery
is in process of construction, the machine
work being done by the students. Nearly
all the engines in the Steam Laboratory,
the large pump at the Pumping Station,
the steam hammer in the Blacksmith
Shop and other echinery were built
here.
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STANDARDS for Electrical Measure-
ments Experiments for Improving the
Construction of—Elec. Eng. Lond. Jan.
10. P. Feb.

—of Light. Dibdin.—Elec. Eng. Lond.
Feb. 2, W, Feb, 20.

—of Lights on the Surrounding Atmos-
phere, Dependence of — Leibenthal,
Prog. Age Dec. 2. W, Dec. 21.

STANDPIPES for Fire Protection and
Street Flushing—L. L. Tribus, Eng.

- Mag. March. 3000 w. M. Apr.

STATION—A Modern Alternating Cur-
rent (Ill.)—Elee. Wld. Feb. 22, 1400 w.
M. Apr.

—at Aix-la Chapelle—Elec. Ry. G. Feb. 1.
W. Feb. 22,

—at Cologne—Elek. Zeit. Jan. 2. W. Feb,
|

—at Mamburgh, Lighting and Power,
Operation of—Meyer, Elek. Zeit. Mar.

12, W, Apr. 11
—at Islington—Elee. Eng. Apr. 15. W.
Apr. 25.

—at Islington Vestry--Elec. Rev. Lond.
Mar. 6. W, Mar, 28.

—at Melbourne - Electn, Jan. 31. W. Feb.
99

—atb l())g(mtz—Elect. Ry. Gaz. Jan. 18. W,
Feb. L.

—at Paris—W. Electn. Jan. 11.
25,

—Bristol Municipal —Flectn. Lond. Mar.
G. W. Mar, 28,

— Chicago, The Harrison Street Electric
Supply —Engng. Feb., 21, 3000 w. M.
Apr.

--of Chicago Edison Co.— W, Elec. Jan. 4.
W. Jan 11.

—of the United Elee. Lgt. & Power
Co., The t wenty-eighth St.—H. W. York.
Tr. Am. Soc.Civ. Eng. Feb. 4400 w, M.
Apr.

STATIONS of the United Kingdom, Elec-
tric Supply— Electn. Jan. 3. W. Jan.25.

—C(Capital Expenditure in Central—Elect.
Lond, Jan 31. W, Feb.22,

—kleetric Power, Development of (111.)—
Field, Cas. Mag. March. W. Apr. 1].
—inthe United Kingdom, Central—lectn.

Lond. Jan. 10, 'W. Feb, 1.

STEAM—DeVolson Wood. Extracts of
lecture at Sib., Col. Sib. Jour. of Engng.
Feb, 23500 w. M. Apr.

—Engines—See Electric Lighting Plants,

—Heating in a Country Hotel--Eng. Rec.
Feb. 29. 600 w. M. Apr.

— Jacket, Efficiency of—C. T. Porter, Am.
Mach., Jan. 30. 1500 w.

—Plant, The Safe and Economical Man-
agement of—C. H. Garlick, Safety V.
Feb, 3500 w.

—Plants of the St. Paul and St. Louis
(Ill.—Power Feb. 2500 w. .

—Shovel, A Sixty Ton Bucyrus (I1l.)—Ir.
Tr. Rev. Feb.6. 500 w. M. March.

W. Jan.
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—Superheating, Notes on—W., H. Patchell,
Paper, Inst. Mech. Engs. Col. Guard.
Feb. 7. 4000 w., Eng. Lond. Feb. 21.
6000 w. M. Apr.

—The Utilization of Waste—Ind. 8 East.
Eng. Jan,18. 1400 w. M. Apr.

STEAMER *Secot,” Lengthening the Cape
Mail (Ill.\—Eng. Lond. Feb. 28. 1000
w. M. Apr.

STENCIL and Its Application to Interior

Decoration, The Modern--A. Silver,
Paper, Arch. Assn. Arch, Lond.
Feb. 28, 8000 w. M. Apr.

STEEL and lron, Electro-Crucible [Mus-
ion of—B. H., Thwaite, Ir. & Coal Trs.
Rev. Jan. 31. 2500 w.

— Bessemer, on Nickel—Ir. Age Feb. 28.
1700 w. M. Apr.

—Hardening and Tempering—E. F. Shipe,
Eng. Soe. of Sch. of Prac. Seci. No. 8.
3000 w. M. Dec.

—Hardening —See Spectrum.

—Magnetic Properties of Nickel—Ii. P.

Buffet, Stevens In. Jan. 3200 w.

—Making, Recent Progress in Open
Hearth—B. Duwson, Ir. & Coal Tr. Rev.
Jan. 31. 2500 w. M. Apr.

—Mains and Joints, Welded (I11.)—J. G.

Stewart, Ind. & Ir. Feb. 28, 3500 w. M.
Apr.
—Plant., Troy Basic Bessemer (IlL)—Ir.

Age Jan. Jan. 16. 1000 w.

— Practical Notes on—8. W, Goodyear,
Mach. Feb, 2300 w.

—Rails and Propeller Shafts, Microscopie
Internal Flaws in (IIL)—T. Andrews.
Engng. Jan. 17. 1600 w.

—Recent Phosphorous Determinations in
—Tr. A, T. Min. Engs. Feb., 1000 w,
M. Apr.

—Strength of—See Temperature.

—Structural J. Christie, J. IF'r. Inst. Jan.
4500 w. M Teb.

—Works, The Consett (111)—Ir. & Coal
Trs. Rev. Jan. 31. 3300 w.

—Works —See Parkhead.

—See Bessemer. Baby Bessemer.

STORAGE BATTERIES — Edgar and
Entz. BElee. Wld. Jan. 11, P.Feb. P,

Dec.
—in Central Stations—M. Barnett, Abs.
Paper. Northw'n Elec. Assn, Klec. Eng.

Jan.22, 2800 w, LElec. Rev, Jan.22. P.
Feb.

—Recent Improvements in —H. Liloyd,
Paper, N. Y. Rlec. Soc Elec. Feb. 5.
2500 w.

STORAGE BATTERY Applications —
N. W, Perry, Elec. Rev. Jan. 1. P, Feb,
—Development, Past and Present Obsta-
cles in—L. Epstein, Elec. Rev. Lond.
Jan. 10. 1000 w. Elec. Wld. Feb. 8.

P. Mar. P.Jan.

—Evolution of —Barnett, J. Fr. Inst. Apr.
W. Apr. 11.

—for Street Car Traction—St. Ry. R
Jan. 15. 2200 w.
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The University Pumping Station.

From the University Pumping Station,
wiaeer from Lake Mencota is supplied to
@all of the eighteen University buildings
for steam and lavatcry purposes, and also
1o the State Capitol. The station is
equipped with thres pumps, two of these
being direct aeting, and one being com-
pound.

The pump in the foreground of the pic-
ture is of the usua! Cross Compound type
of engine, with the water cylinders placed
tandem to the steam cylinders. The en-
gine was designed by six Mechanical En-
gineering students of the class of 1893,
All patterns were made and all machine
vorg done by the students at the Univer-
sity shops, excepting that for the con-
denser and the fly wheel.

The stroke of the engine is 16 in., and
the bore of the high pressure and low
pressure cylinders ig 10 in. and 13 1-2 in.
1espectively, and of the water cylinders ig
% in. The pump was designed to run at

65 revolutions per minute and will at this
speed deliver nearly three quarters of a
million gallons per 24 hours. In the sur-
face condenser used, the tubes were ex-
panded in the heads by the roller process,
being the same as in tubular boilers. The
condenser stands on end and is connected
into the suction pipe so all water fiowing
to the pump must pass through it. In
this way no water is used for condensation
alone and the volume is such that the
temperature of the water delivered is
raised only 10 degiees. An automatic cut
oif controls the swam supply, and the
governor is driven from the main shaft
by a pair of spiral gears. The apparatus
runs witnout an attendant except at start-
ing and stopping, and with it the water
eupply is ontained at fully fifty per cent.
less cost than before,

It may also be stated that the pump adds
materially to the list of testing apparatus
now availabie to the engineering students,
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—Indicated Evolution in the—L. Paget,
Elec. Feb. 26. Serial. Part 1. 2000 w.
M. Apr., W. Mar. 7.

—Modern Uses of the—Max Loewenthal,
Elec. Power Oct. P. Dec.

—of Electricity. Recent Improvements in
America and Europe in the —H. Loyd,
Elec. Eng. Feb. 12. P. Mar.

STREET Car Fares Practicable? Are
Lower—Elec. Feb.5. 2600 w. FElec. Rev.
Feb. 19. Elee. Eng. Feb. 12. P. Mar.

—Car Wheels, The Breakage of —R. J. Me-
Carthy, St. Ry. Jour. Jan. 1800 w.
M. Feb.

STREETS in Paris, Cleaning and Water-
ing of—A. P. Rockwell, Pav. & Mun.
Eng. Mar. 1300 w. M. Apr.

STREET RAILWAY at New Orleans
(111.) ~ Elec. Eng. Apr. 1. W. Apr. 11,
—at Rouen-—Elec. Eng. Lond. Mar. 20.
W. Apr. 11.

—at Yonkers—Elec. Ry. Gaz, Feb. 8. W.
Feb. 22,

— Co., Reecent Work of the Boston West
End—8t. Ry. J. Mar. 1400 w. M. Apr.

—of Aix-la Chapelle—Elek. Zeit. Jan. 2.
W. Feb. 1.

—-(lJf |Ilg’:t'oolzilyn —Elec. Ry. Gaz. Jan. 18. W.
“eb. 1.

—Rolling Stoek —W, E. Partridge, St. Ry.
J. Feb. P. Mar.

—System, Boston’s Great—FElec. Rev. Feb
26, 3400 w. M. Apr.

—)perating Expenses in Chicago—Elec.
Eng. Feb. 26. W. Mar. 7.

— Road Bed —M. D. Pratt, St. Ry. J. Feb.

. Mar.

—Roadbed—M. D. Pratt, St. Ry. J. Jan.
1800 w. M. Feb.

—Systems of Brooklyn—Elee. Ry. Gaz.
Jan. 4, P.Feb. W.Jan.25.

—Systems of Canada—St. Ry. J. Oect.
20000 w. W. Dec. 21. P. Jan.

—Traetion, A Glance at the Situation of—
Eleec. Ry. Gaz Jan. 4. 1700w, 'W. Jan.
25,

STREET RAILWAYS, Surface Contact
System —Schnepf, Elee. Ry. Gaz. Jan.
25. W. Ieb. 8.

—See Booster. Brake. Cars. Cable. Con-

duit. Electric. Elevated. Examina-
tion. Load. Repairs. Steam, Track.
Tramway. Trolley. Urban.

STRUCTURAL Shapes, Proposed Stand-
ard—Ir. Age Jan. 9. 440 w. M. Feb.

SUB-STATION, Dristribution and Office
Methods of the Chicago Edison Com-
pany - W. Electn. Jan, 4. P, Feb,

—See Electric. Specifications.

SUPERHEATING, The Renaissance of—
Edit. Elect'n. Feb 21. 2200 w. M. Apr.

SUPERINTENDENT and His Work, T'he
Division—Col. H. S. Haines. Eng. News.
Jan. 9. 1800 w. M. Feb

SURVEYING Instruments, Trolley Cars
and —Eng. News, Mar. 26. W, Apr. 4.

—Value of Marked Trees in Fixing—I. H.
Serviss, 10 An. Rept. Ill. 'Soc. Eng &
Surv. 400 w,

SWITCHES and Signals, Pneumatic Sys-
tem of Handling—Ry. Age Jan.3. Serial.
Part 1. 1100 w. M. Feb.

SWITCH BOARD, a* Model Residence-—
W. C. Hubbard. Elec. Eng. Mar. 4.

SWITCH-BOARDS Horizontal--Wietlis-
bach. Elek.Zeit Feb. 6. W. Feb. 20,

SWORDS, Metallurgical and Other Fea-
tures of Japanese (Ill.)--B. S. Lyman.
I'r Inst. Jan. 3300 w. M. Feb.

TECHNICAL Institutes—S. H. Wells,
Arch. Lond. Feb. 14. Serial, Part 1.
6000 w. M. Apr.

—Instruction in its Application to Iron-
making—T. Turner. Ir. & St. Trs. Jour.
Teb. 15. 5300 w. M. Apr.

TELEGRAPH System, The Block—-J. Pigg.
Eleec. Eng. Lond. Jan. 3. 2000 w. W.
Jan. 25. P. Feb.

—Work, Rapid—Electn. Apr. 3. W. Apr.
el

=D
TELEGRAPHY, A new system of (Ill.)—

Elec. Wid. Feb. 15 500 w. M. Apr.
—A New System of Machine —P. B.
Delaney. J. Fr, Inst. Jan. 3800 w. M,
Feb. W. Jan, 25. P. Mar. Elec. Age.
Jan. 25.
—Dynamo plant for—Elec. J. Mar. 15.
W. Apr. 4,

—in London—Wilkins, Electn. Dec. 27.
W, Jan, 18.

—Multiple—N. W. Perry, Elec. Jan. 15.
P. Feb.

—See Train.

TELEMETERS and Range Finders—
Profs. Barr and Stroud, Paper, Inst. of
Mech. Engs. Engng. Feb., 14. Serial,
Part 1. 3500 w. M. Apr.

TELEPHONE and Telegraph Lines, In-
duetion Pnenomena in—Elek. Zeit. Jan.
23. W. Feb. 15,

—Circuits—Elek. Zeit. Teb.20. W. Mar.
14.

—Circuits. Safety Device for—Elek. Zeit.
Jan. 23. W. Feb. 15,

—exchange at Chicago, The starting of the
—H. H. Eldred, Elec. Feb. 12. 1800 w.
M. Apr.

—ompany, The New Home of the Provi-
dex&ee, R. I.—Elec. Eng. Jan. 15. P.
Feb.

—Disturbance Caused by High Voltage
Currents—-Wietlisbach, Electn. Mar. 27.
W. Apr. 18,

—Hkxechange, Centralization of Transmitter
Batteries in (Il1; K. B. Miller, Elec.
WIld Jan, 11, 2500 w.

—Exchange in London, Building a—H H.
Kldred, Elec, Feb. 26. Tuo0 w. M. Apr.
—Exehanges, Centralization of Trans-
mitter Batteries in—Miller, Klec. W.

Jan. 11. P. Feb.

—Exchanges and Their Working—Sin-
clair, Elee, Eng. Lond. Mar. 27. W.
Apr. 18.



TESTING LABORATORY.

Tne testing laberatery now occupies
ccmmodious quarters in the west wing of
the snop. In the feregreund is seen a one-
hundred thousand pound Riehle automatic
and autographis testing machine. There
are also several Olsen machines for tests

The Wisconsin Engineer.

in compression, tengion and bending, a
Thurston torsion machine. a Riehle ce-

ment testing machine and a large grind-
ing wheel for preparing brick and stone
srecimens which are tested in econnection
with work in the Cement Laboratory ad-
joining.

Mechanical Testing Laboratory.

HYDRAULIC LABORATORY.

While hydraulics is perhaps the oldest
oi all branches of engineering, there is
«till great need of a better experimental
determination of its laws, as was recently
very forecibly brought out in a new water
supply system in New Jersey where a
pipe designed by an authority according
te the most reliable formulae failed ut-
terly to give the required flow. Our Hy-

drau..c Lakoratory centains high and low
leve: tanks fitted for experimenting upon
the flow of water over swiers and through
orifices, nozzles and pipes. 'There are also
several turbine wheels, motors, water
ricters and current meters and a conven-
ient supply of gauges and other apparatus
required in accurate hydraulic experi-
ments. A head of seventy feet of water
is furnished by an eicvated tanlk.
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—Exchange System, A Practical Autom-
atic—Munns and DeLand, Elec. Engng.
Teb. 3300 w. M. Apr. P.Apr.

—Exchange Systems, Automatic—Thomp-
son and Decker, Elec. Pav. Jan. 4400
w. M. Mar.

—TExchange System, New Automatic (T1L.)
R. Callencer, Eng. News Jan. 23. 1300

Ww.

—Tield’s Compensating (111.)—Elec. Eng.
Jan. 15. 1400 w. ar.

— Field’s Compensating—S. D. Field, Elec.
Eng. Jan. 15. P. Feb.

—Tines from Power and Lightning Cur-
rents, Protecting — Mertsching, Elek.
Zeit. Mar, 26. W. Apr. 18

—Question, The, A. R. Bennett, Paper,
Fast of Scotland Engng. Assn. Ind. &
Tr. Feb. 14. Serial. Part 1. 2800 w.
M. Apr.

—Service on Electric Railways (I1l.)—Elec.
Rev. Jan. 8. 90 w. P.TFeb. M. Feb.
— Station. Automatic — Zielinski, Elek.

Zoit. Mar. 5. W. Mar, 28.

—Transmitters, Avoiding Side Tones in —
(Seribner’s method.) Elee. Eng. Jan. 22.
W. Feb. 1.

— See Electric Traction.

TELEPHONIC Disturbances — Wietlis-
bach, Elec. Eng. Apr.15. W. Apr. 25.

—Switchbhoard, Interurban — Pierarb. 1.
Tlec. Mar, 14. W. Apr. 4.

TELEPHONING of Railways, The (I11.) —
J. Pigg, Elee. Eng Lond. Feb. 14. 2400
w. M. Arr. W, Mar.7.

TELEPHONING at Cripple Creek.—J. W.
Dickerson, Elec. Wid. Mar. 7. 2700 w.
M. Apr.

TELEPHONY Military — Elec. Rev. Mar.

4., W.Mar. 21

—Military (Ill.)—(P. Charrolloi’s system),
Flee. Rev. Lond. Feb, 14. 2200 w. M.
Apr.

—Twenty Years’ Progress in—McMyuan,
Electy. Apr. 1. W.Apr. 11.

—V. Wietlisbach, Elec. Engng. Feb. P.

Apr.

TEMPERATURE of Rocks, The Inter-
nal—Eng. & Min. J, Feb. 8. 400 w. M.
Mar.

—on Strength of Wrought Iron and Steel,
Effect of—R. C. Carpenter, Tr. A. S
Mech. Eng. Dec. 800 w. M, Feb.

TEMPERATURES, High—See Clay.

—of Steam, Measurement of (Ill.)—D.8
Jacobus, Stevens’ In. Jan. 6300 w.
TENSION Supply, High Tension and
Low—A. Gay, Elec. Rev. Lond. Jan.10
2800 w.

TERRA Cotta— See Brick.

TESTING Instruments, Static Charges
on—Stottner, Elec. Rev. Lond. Feb. 21
W. Mar. 14, P. Apr.

—TLaboratory, A Municipal (IlIL)—A. D.
Thompson, Pav. & Mun. Eng. Jan. 2000
w. M. Feb.

—Machine, The Northwestern's Locomo-
tive—Soc. Engng Jan. 1200w. M, Feb.

—of Materials and Structures, Measure-
ments of Small Strains in (Ill)—J. A.
Ewing, Eng. Lond. Jan. 24. 3500 w.

—of Iron and Steel, Mechanical—Prof. H.
Beare, Col. Guard. Jan. 3. 4800 w.

_ Practical Electrical—C. C. Haskins,
Elec. Ind. Jan  P. Feb.

THERMODYNAMIC Law, Graphics of—
R. H. Thurston, J. Fr. Inst. Jan. 1200 w.
M. Feb.

THERMOPHORE for Heating Rooms, The
Pillet (11l)—Sci. Am. Sup Feb. 20
450 w. M. Apr.

THOMAS Process, Loss in the—Am. Mfr.
& Ir. Wld, Feb. 14 700 w. M. Apr.

THREE-PHASE Circuits, Measurements
of Watts in - Behn-Eschenberg, Elek.
Zeit. Mar. 19, W. Apr. 1L

—Railway System at Lugano —Elek. Zeit.
Mar 26. W. Apr. 18

—System at Concord. N. H. (T11.)—Elec.
Wld. Jan. 18. 1600 w.

THREE WIRE System, New—Livschitz,
Elek. Zeit. Feb. 6. 'W. Feb, 29.

THRUST Bearings, A Practical Formula
for—J. Husband, Prac. Eng. Ieb. T.
200 w. M. Apr.

TICKKTS, More Kuropean Street Rail-
way (Ili.)—Robt. Grimshaw, FElec. Ry.
Gayz. Feb. 29, Serial, Part 1. 1200 w.

TIN Plate Plant, A Model (Ill.) — Met.
Work. Jan. 25. 900 w.

TOOLS, Engine Bed and Cylinder (I11.)—
H. Landro, Am. Mach. Jan. 2. 1700 w.
M. Feb,

TOPOGCRAPHY —See Survey.

TORPEDOQ-BOAT Construction, Recent
Developments in—I7. 8. North, Yale Sei.
M. Jan. 1600 w.

TRACK for Hard Serviece, a Costly—R.R.
Gaz Jan. 31. 1400 w. M. Mar.

—-Indicator, The Stickney (IlL.)--R. R. Gaz.
Feb, 14. 350 w. M. Apr.

—-Laying, Cost of (I11.)--8t. Ry. Rev. Jan. 15.
2500 w.

—The Sand--Robt. Grimshaw, Sei. Am,
Sup. March 7. 1800 w. M. Apr.

TRACKS, Electric 8t. Ry.—R. J. McCarty,
St. Ry. J. Feb. 1300 w,

TRACTION, Comparative Economy of
Horse and Electric—FE. 1. Higgins, St.
Ry. J. Mar. P. Apr.

—in the Light of Recent Developments,
Electric-——Ph. Dawson, Elec. Rev, Lond.
Feb, 7. 1800 w. P. Apr. W. Feb, 20.

—-on Trunk Lines, Flectric——Wm. Leissner,
Elec. Eng. Feb. 19. P. Apr.

--Scheme for London, A Large—Elec, Rev
Lond. Jan 31. W. Feb. 22,

—Westinghouse Enclosed Conduit System
for Electric (I11.)--Ry. Wld. Feb. 1600 w.
M. Apr.

—See Storage Battery.

TRACTIVE Resistance of Tricycles--Rav-
enshaw, Engng. Lond. Jan.10. W.Feb. 1.

TRADE Schools, New York (I11.)—O. B.
Maginnis. Arch. & Build. Jan, 25.1300 w.
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Hydraulic Laboratory.

DYNAMO ROOM.

A letter irom the National Electric Co.,
Cuated June 11, 1831, gives notice of ship-
ment of our first machine. This dynamo
was set up in the machine shop proper be-
ing the sole source oI experiment for the
students that year. The following year
an Edison Arc, 10 light machine was pre-
sented to the University and through the
efforts of Prof. Jackson two street ~ar
motors that had seen some use were
also procured. This was thought quite an
ad.liuon and all of the machines proved
very good for experimental work, espe-
cially the street car motors. Since that
time Prof. Jackson has continually made
additions to our laboratory both in ma-
chines and apparatus until we now have
ihe following:

Low TENSION

DIrECT CURRENT

MacHixEs,—An  Edison shunt dynamo
T% H. P., this machine being one of the
historic machines exhibited at the World’s
Fair and used by Edison in his first ex-
hibit of incandescent lighting. A Na-
tional 4% H. <. compound. A shunt dy-
namo 3 H. P. built by the Allgemeine
Elektricitats Gesellschaft of Berlin and ex-
Libited at the World’s Fair. A Preal 41
H. P. dynamo. An Eddy shunt, 61 H. P,
A motor-dyhamo 214 H, P. 110—19 to
6—300 A. C. and C. 1 H. P. motor.

Hricu TrNsiON Direcr  CurreNT
MacuiNes,—Edison Arc, 10 light. Fort
‘Wayne Arc, 10 light. Two T. H. street car
motors, 15 H. P., one of which has been
connected up as a rctary transformer for
3-phase currents at a frequency of 30.
A Crocker-Wheeler 12 H. P. motor. A
Northern 4 H. P. motor.

ALTERNATING CURRENT MACHH\ ES.—
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TRAIN Accidents in the United States in
1895--R. R. Gaz. Feb. 14. 1100 w. M.
Apr.

—Detentions, Cause of —N. Y. R. R. Club
Dec. 19. T000 w. Am. Eng. & R. R. J.
Jan. 1300 w, M. Feb.

TRAINS, Electrical communication be-
tween moving—M. de La Fouche, Elec.
Age Jan. 11, W. Jan. 25, P. Mar.

TRAMWAY, A Suspended Beam Electric
(11l.)—Elec. Rev. Jun. 1. 1000 w. M.
Feb. P. I'eb.

TRAMWAYS and Telephonic Disturb-
ances, Electric—C. 8. Preller, Electn.
Jan. 10, P. Feb. W. Feb. 1.

—Lugano--Elec. Eng. Lond. Jan. 17, P.
Mar.

TRANSATLANTIC Passenger Traffie—
Edit. Kngng.Jan,31. 800 w. M. Apr.
TRANSFORMER—Fleming, Elec. Eng.
Lond. Jan 24. Electn. Jan.24, W. Feb.

15,
—a Dissectible - W. E. Caldwell, Elec.
Rev. Feb. 5, W. Ieb. 15. P. Mar.

——Equipment for Street Railway Service
at Niagara Falls—Dunlap, W. Elec. Jan.
25. P. Mar

—Plates, The Geometrical Form of—G.
Aahms, Elec. Wld. Jan 11. P. Feb.

—Rotary — (Mershon System.) Elec. Eng.
Mar. 25. W. Apr. 4.

—The Ordinary Alternating current — C.
P. Steinmetz, Elec. Z-it. Feb. 6. P. Apr.

TRANSFORMELS, Alternate current —
Fleming, Kngng, Jan. 24. Serial. Part 1.
1000 w. W. Feun. 15.

—M. 1. Pupin, Elec, Jan, 22. P, Feb.

—The Most Favorable Distance between-—
R. Haas, Elec. Zeit. eb, 27,

TRANSFORMING Direct Currents — W.
Elec. Mar. 28. W. Apr. 4.

TRANSIT, Mr. Sprague on Underground
Ravid. — Klec. Ry. Gaz. Feb. 15, 1500 w,

TRANSMITTER, The Hunnings’—Rev.
H. Hunnings, Elec Jan. 1. 1000 w. P,
Feb. M. Feb,

"TRANSMISSION of Power by Electricity.
in the United States —J. McGhie, Cass.
Mag. Feb. W. Feb. 29. P. Mar.

—The New Tool of —O. Smith, Ir. Tr. Rev

Jan. 2. 3200 w. M. Feb.
—See Portland. Power.
TRANSPORTATION Problem in New
York City -Seci. Am. Feb. 22. 1800 w.
M. Apr.

TRANSVAAL—See Gold Fields.

TRESTLES Over Washouts and Burn-
outs, Building Temporary—G. J. Bishop,
Ry. Age Jan. 3. 3000 w. M. Feb.

TRIAL of the Machinery of the Texas,
Contract—T. W Kinkaid, J. Am. Soc.
Nav, Eng. Feb, 3300 w.

TRIALS of U. 8. S Katahdin, Contract
and Screw--F. C. Bieg, J. Am. Soc. Nav.
Eng. Feb. 5000 w.

TROLLEY Construction, European Prac-
tice in Overhead—W. Elee.
1100 w. M. Apr.

Feb. 22.
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—Substitution for the—W. Elec. Feb. 22.
W. Feb. 29.

—System, Interesting Facts Relative to
the Double (IlL)—B. L. Baldwin, Elec.
Feb, 5. 2500 w, P. Mar. W. Feb. 22.

—System, Notes on the Double—B. L.
Baldwin. Elec. Mar. 4.

—Wires, Relation Between Stress and Sag
in Span and—E, A, Merril, Elec. Ry.
Gaz. Jan. 4. 1710 w.

TRUCK and Motor Repairs—St. Ry. J.
Feb. 600 w. M. Mar.

TRUCKS for Lake St. Elevated Electric
Motor Cars (Ill.)--Ry. Rev. Feb. 15.
1500 w.

TRUSS in the Waldorf Hotel Extension,
A Large T1l.)—Eng. News Mar, 5, 1400
w. M. Apr.

TUBES by the Boulet Process, The Man-
ufacture of Metallic (11l.)—Sei. Am. Sup.
Teb. 29, 2900 w, M. Apr.

TUG for the French Navy, Salvage—
Engng. Feb. 14. 800 w.

TUNNEL Sections of the Nashua Aque-
duet for the Metropolitan Water Sup-
ply (I1l.)—kEng. News Jan. 23,

—Scheme, The Butterfield—Min., & Seci.
Pr. Feb.8 1600 w. M. Apr.

TUNNELS, Cast Iron Segments for Rail-
way and other (Ill)—E. G. Cary, Paper,
Inst. Engs. and Shipbuilders. Ind. &Ir.
Jan. 31. 5000 w. M. Apr.

TURBINES ot Niagara Power Co.—DeV.
Wood, Am. Mach. Jan. 23. 1500 w.

TWO-FLUID Theory—E. P. Thompson,
Elee. Eng. Mar, 25. W. Apr. 4.

UNIT Systems and Dimensions—T. P.
Hall, Klec. Wld. Feb. 8. 450 w.

VACUA Research, High—Lord Kelvin,
Electn. Feb. 14, 'W. Mar. 7,

VACUUM Tube Illumination—Sec. Amer.
Feb. 29, W. Mar. 7.

—Tube Illumination by the D. MeF.
Moore System (Ill.)—Sci. Am. Feb. 29.

1300 w. M. Apr.
VEHICLE Contest, Motor—Elec. Jour.
Feb, 15. W. Feb. 29.

VEHICLES for Common Roads, Possibil-
ity of Mechanically Propelled—Edit.
Eng. News. Mar. 5. 3200 w. M. Apr.

VENEZUELA, Industry, Mining and
Commerce— 1. B. Storch, Min. and Sei.
Pr.Jan. 18, 900 w.

VENTILATING—Sce Heating. Fans.

VOLTMETERS, Ammeters and Wattmet-
ers—Maycock, Elec. Eng. Lond. Feb.
28. W. Mar. 21,

WALLS of New York, The Bulkhead—R.
R Gaz. Feb.21. 400 w. WM. Apr.

WASTES of New York City, The Final
Disposition of the - Col. G. E. Waring,
Eng. News Feb. 20. 600 w. M. Apr.

WATER and Sewage by Intermittent
Downward Filtration, Purification of—
A N, Talbot, 10 An. Rept. Soc. Eng. &
Sur. 2200 w,
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A La Roche 7% H. P. A rotary
transformer converted from a G. E. street
car motor, 20 H. P., frequeney 50. Two
thyee-phase motors 2 and 5 H. P. built by
the Allgemeine Elektricitits (Gesellschaft
of Perlin ahd exhibited at the World's
Fair. A Thomson indirect electric welder.

All machines with two or three excep-
tions are mounted on heavy oak platforms,
both field and armature circuits are run
under the floor from the base of each ma-
chine to terminals of the switchhoard.
Nine Weston station insiruments of the

The Wisconsin Engineer.

Our bank of transformers consists of 16.
no two alike, the greater part being of
about 1500 watts capacity. Two primary
and two secondary transformer circuits
lead {o the switchboard and by the use of
connectors at the bank any combination
can be made., The rnumber, gizes and dif-
ferent makes, renders it possible to have
a geod chance for experimental work.
‘the switechboard ig one of last year's
improvements and zcthing more conven-
ient could be imagirned. It has terminals

for 100 complete circuits and by the nze

_PEARDMAN BN G C o)

Dynamo Laboratory.

round pattern are mounted on the wall in
ceay enient places for testing and are also
connected to the swilchboard by inde-
rendent  circuits. The switeh-board con-
nects with the city lighting circuits an-
the 500 volt street car circuit, also with
an auxiliary switchbcard in the electroly-
tic laboratory and with another in the
Plysics laboratory o Science Hall. Sit-
uated at convenient places around the
room and connected by separate circuits
to the switchboard are eight ianks with
adjustable {erminals for water resiztance.

of flexible plug-in connectors almost any
combinaticn can be easily and quickly
made between machiues, instruments, ete.,
with no net work of wire lying around on
tie floor and with no unnecessary work as
was formerly the case

The instrument cases have gradually
filled until we have a very good collection
and almost any range can be reached in
a. ¢. and d. c. voltmeters, ammeters, watt-
melers, bridges, ete

For power the dynamo room has its own
engine, a 60 H. P. Weston, running at 270
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—Consumption and Waste of —D. Brack-
ett, Paper, Am. Soc. C. E. Eng. Rec.
Jan. 18. Serial. Part. 1. 2000 w,

—for London, Supply of Sea—Grierson,
Paper. Soc. of Arts. Arch. Lond, Jan.
31, 3300w M. Apr.

—from Well to R servoir, Cost of Pump-
ing—R G. Young, 10 An. Rept. IlL Soc.
Kng. & Sur. 350 w.

—¥ront, The North River—Report of
Board of Consulting Enus.,, R. R. Gaz.
Feb. 14, Serial. Part 1. 3200 w. M.
Apr.

—of Condensation, Spray Nozzles for
Cooling (I1L.) Am. Mach. Feb. 6. 200 w.

—oun Health, The Influence of Subsoil —
§. M. Copeman, San. Ree. Feb., 21. 1500
w. M. Apr.

WATER POWER and Electric Transmis-
sion, When is it Advantageous to use —
Chas. E. Emery, Cas. Mag. Jan, W.Jan.
18. P. Feb.

— Instal ation—L’Ind. Elec. Feb. 10. W
Mar. 7.

—Plant on the Chicago Ship Canal, Pro-
posed—Putnam, Elec. Eng. Jan. 15, W
feb 1.

—See Electric.

WATERSHED, New Jersey. Report on
the Yield of the Pequannock—t:, C. Ver-
meule, Eng. News. IFeb. 20. 3900 w. M.

A pr.

WATER SUPPLY and Consumption of
Philadelphia —- Eng. News Ieb. 27
1400 w. M. Apr.

—for Brooklyn, N.Y.; Reoorts on an Ad-
ditional—Eng. News Feb. 13 5000 w.
M. Apr.

—for Seattle, Wash., Cedar River Gravity
—Min. and Seci. Pr, Jan. 11. 1 00 w.

—from Sewage Disposal, Reservation of
Sowrces of K. T. Orr, 10 An. Rep. 111
Soc. Eng & Sur. 2400 w.

—TLocating a Publie—D. W. Mead, Eng.
Mag. Feb. 3300 w. DL Feb,

—of Cologne, Municipal (I11.)—J. Gas Lgt.
Jan. 21. Serial. Part 1. 2200 w.

_of Greater New York, Future—Eng.
News. Feb, 13. 2400 w, M. Apr.

—of Niagara -O. E. Dun'ap, W. Elec.
Feb. 8. 1200 w.

—Stations for Railways, Central (Ill)—
C. A. Hague, Eng. News. Ieb.20. 1440

W.

WATERS, Including Deep Wells at Bos-
ton, Bacrerial Content of Certain
Ground —W. T. Sedgwick, San Rec. Jan.
17. 2200 w.

—in the South Atlantic Piedmont Plateau,
Underground Supply of Potable—J. A.
Holmes, Tr.A.IL Min. Engs.Feb. 2800
w. M. Apr.

“WATERWAYS, Commeree and Deep (I11.)

I.. M. Haupt, J. Fr. Inst. Feb. Serial.
Part 1. 6500 w M. Mar.

WATER-WORKS of Curazoa (Ill.)—Eng.
News Jan 23. 400 w. M."Mar.
—The Montreal -John Kennedy,

Eng. Feb, 8000 w. M. Apr.

--The Newton, N. J. (I1L)-- Eng. Rec. Feb.
15. 3300 w, M., Apr.

WAVES in Ether, Generation of Longi-
tudinal—Lord Kelvin, Elee. Mar. 25.
W. Apr. 4. Elec Rev. Lond. Feb. 21
W. Mar. 14,

WELSBACH Patents in Germany—d.
Gas Lgt. FFeb. 11. 2700 w. M. Apr.

WHEELS and Why They Burst—C. H.
Benjamin, St. Ry. Rev. Jan. 15. 2800

Can.

w.

—-Bursting, Cause of Fly—-W. K. Austin,
Power Feb. 900 w.

WIND Pressure, Iixperiments on--H. C.
Vogt. Engng. Jan. 17. 2400 w.

WIRE Cable for Mines, Insulated--Guil-
leaume. KElee. Eng. Feb, 26. "W, Mar. 7.

_ Barthed Neutral—Snell. Elec. Rev.
Lond, Jan.10. Eleetn.Jan. 10. W.Feb. 1.

——Barthing the Middle—Pigg, Elec. Eng.
Lond. Mar. 27. W. Apr. 18,

—-Rod Rolling, Development of American
——Wm. Garrett, Ir. Age Jan. 2. 6000 w.
M. Feb.

——The Manufacture of--F. A, C. Perrine,
Elee. Engng. Feb. W. Jan. 4. P. Apr.

WIRES, Fusion of Metallic-—-Maurain,
L’ Ind. Elec. Jan 10. W.Feb.8. P.Mar.

WIRING--Elee. Rev. Lond. Mar. 13. W.
Apr. 4 J. Inst. Elec. Eng. Feb. W
Mar. 7.

——Concentrie—Electn. Jan, 10. 'W. Feb. 1.
Kintner, Elec. Eng. Apr, 1. W. Apr. 18.
Mavor, ltlec. Eng. Jan, 15, W, Feb. 1.
Dobbs, Elec. Eng. Apr. 15. W. Apr. 5.

——House--Klectn., Jan. 31. P. Mar. Klectn.
Feb. 21. TElec. Rev. Feb, 21. Elec. Eng.
Lond. Feb, 21. W, Mar. 14.

—-House Insulation Curves--Electn. Jan.
17. W. Feb. 8. P. Mar.

—Quick Methods for Testing Faults in
i lectric — Hutchins, W, Elec. Mar. 21,
W. Mar. 28.

—Rules—Electn. Mar. 20. 'W. Apr. 1L

—Rules, German - Electn. Jan. 24. 1200 w.

WOODEN Lagging on Cylinders and
Pipes, The Carbonizing of (Ill.)—Power.
Mar. 1600 w. M. Apr.

WOODILINE for Timber Preservation—
Eng. Lond. Feb. 29. 1600 w. M. Apr.
WOOD Shrinkage of—Timber Bull, No.
10, Agri. Dept. Arch. & Build. Mar. 7.

2500 w. M. Apr.

WRECKING Trains, About—Ry. Rev. Jan.
4, 2200 w. M, Feb.

X RAYS—See Rays Roentgen.

ZINC and Lead, Electrolytic—R. Lorenz,
Elec. Eng. Lond. Jan. 17. P. Mar.
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rev. To prevent large pulleys the main
shaft runs at 500 rev. and all machines are
betted direct from the main shaft and one
counter shaft, operated by a clutch pulley.

The main shaft of the dynamo room is
also connected by a clutch pulley with the
main shaft of the machine shop so that

The Wisconsin Engineer.

in case it is not desirable to run the Wes-
ton engine power ma) be obtained from
the machine shop. Although the labora-
tory begins to shape itself into a very con-
venient and efficient arrangement many
improvements and additions are to he
made in the near future.

: Vagit :
ﬂw.xumm«: EnvG . CoMic

The "Varsity Crew and Boat-house.

Wisconsin is a firm believer in the old
saw, “All werk and no play makes Jack
a dull boy.” The pecple of the state have
shown their confidence in physical educa-
tion by the erection of our magnificent
Gymnasium, and amcng the students all
branches of athletics are organized and
have their enthusiastic devotees. Situated
as the University is, on the shores of Lake
Mendota, a beautiful sheet of water, ad-
mirably suited for rcwing and similar
sperts, aquatics have come forward during
the past few years with marvelous strides,
and much enthusiasm and honest pride is
mani.ested in the suppert of the only col-
iege crew between the Alleghanies and the
Facific Coast. The engineering students
take particular interest in this department,
On last year's 'Varsity crew were five en-
gineers and in this year’s boat they are
represented by six men. On the second

"Varsity and class crews also they usually

have a large representation in proportion
to their number.

We may say that aquatics were inaugu-
rated here in 1891 when the University
was first represented by a gig crew and the
first regatta was held. In the following
year the Boat House shown in the view
was  built. The department is now
equipped with three eight-oared shells,
two eight-oared gigs, a rowing machine,
two pair-oared gigs, and other apparatus.
Heretofore all our races have been with
such organizations as the Delaware Crew
of the Chicago Navy and the Minnesota
Boat Club. This year, however, we had
our first college race, and easily defeated
the Yale Freshmen at New Haven by ten
lengths. This vietory emphasizes Wiscon-
sin’s lead in heating, since the Yale "Vars-
ity erew which was sent to Henlev, only
defeated the Freshmen by four lengths.
Coach O’Dea has brought our crew into-
national prominence,
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Dlson ¢ & + Veerbusen,
¢« CLOTHIERS,

. FURNISHERS anp
TAILORS.

L B A

The largest stock highest grade merchandise in the city
at prices to please.

L B

fieadquarters for U. W. Trade.

BARNES' UPRIGHT DRILLS

Lever and Worm Feed Back Geared,
Self Fecd and Automatic Stop;
with or without Sliding Head.

Foot Power Lathes.

For Bicycle Repairing.
For Electrical and Experimental Work.
For Gunsmiths and Tool Makers.

For General Machine Shop Work.

W. F. & JOHN BARNES COrPANY,
278 Ruby Street, Rockford, 1li.

Please mention Wisconsin Engineer when wou write.
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University of Tisconsin.

LI R

College of Mechanics and Engineering.
L I

Offers Three Systematic Courses .

CIVIL ENGINEERING,
\

:5/7 MECHANICAL ENGINEERING,

ELECTRICAL ENGINEERING.

S I IR

It Also Affords

Facilities for extensive experimental research
and special training in Geology, Mineralogy,
~— Physics, Astronomy, Commercial Assaying,
%‘ Electrometallurgy, Chemistry, Electrochemistry,
Machine Design, Testing of Materials; and
in Steam, Hydraulic, Sanitary, Structural, Rail-
way, Municipal and Geodetic' Engineering.
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The Library Facilities

Are very complete, all the important Technical Journals
and Society Proceedings in the world being kept on file
and always accessible.
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For further [nformation send for €ngineering Gircular
or niversity (Gatalogue.

Address, :
C. K. ADAMS, President,
Madison, Wis.
Please mention Wisconsin Engineer 1when you write,
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THE MARSH STEAM PUMP.

PUMPS FOR EVERY SERVICE. .

PR “JP .

Boiler Feeders, Tank Pumps, Vacuum Pumps, Air
Pumps, Air Compressors, Deep Well Pumps, Fire
Pumps, 0il Pumps, Milk Pumps, Pumps
for Heavy Liquids, Etc., Etc.

P L ko e

PATENT SELF-GOVERNING STEAM VALVE.
PATENT EASY-SEATING WATER VALVES.
NO OUTSIDE VALVE GEAR.

Pl)nUND BURKE says:

“ (tovernment is a contrivance uf human wibdom to provide for
human wants.” 8o also the governing element of the Marsh Steam
Valve is a contrivance of human wisdom to provide for a self-govern-

ing and self-rogulating steam pump. It is the same with pumps as
with people.  With the largest measure of self-government the high- g8
ost do \(lnl)m( nt of utility and efliciency i3 possible.

Will pump condensation from coils, etc., d:rcct to boiler. INO TRAPS,
NO TANK. NO FLOAT. Converts heating system into a large Sur-

face Condenser. Saves heat, reduces back pressure, increases circulation.

- .

Use the MARSH and secure greatest ecomomy
in fuel and boiler equipment.

s e

For Catalogue, Estimates, Etc., address

THE BATTLE CREEK STEAM PUMP CO,,
BATTLE CREEK, MICHIGAN.

Plouse mention Wisconsin Engineer when yow write.
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