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10 Kw. Double Current Generator Set

Electrical Machines

Especially Designed for Experimental Work in
College Laboratories

Double Current Generator: Designed toillustrate the char-
acteristics of the following machines.

Two-phase or three-phase synchronous converter

Double current generator, giving direct current “and single-
phase, two-phase or three-phase alternating current.

Direct current generator.

Two-phase or three-phase alternating current generator.

Direct current motor.

Two-phase or three-phase synchronous motor.

Inverted svnchronous converter giving two-phase or three-
phase alternating current.

Polyphase Generator: Equipped with revolving field and
three extra induction motor rotors. Illustrates the operating
characteristics of generator, synchronous motor, and of squirrel
cage, slip ring and internal resistance type induction motors.

Regulating PoleConverter: An 8 kw. machine thatillustrates
one of the more recent developments in synchronous motors.

General Electric Company

Largest Electrical Manufacturer in the World
General Office, Schenectady, N. Y. Sales Offices in fifty-four cities
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SAVE 20%
On Your Books and Supplies

By Joining
The Co-0p
The store owned and operated by students
We solicit your mail orders

THE Co-op

R. E. BOLTE, Mgr.
508 State St. Madison, Wis.

The name to remember when you order
A WIRE ROPE

Why? Because it has stood for the best

in materials and workmanship since
wire rope was first used in America

John A. Roebling’s Sons Co.

Trenton, N. J. i
Chicago Branch: 171:173 LaKke Street

Kindly mention The Wisconsin Engineer when you write.
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Gas Engines
Steam Engines
Hydraulic Turbines
Steam Turbines
Generators
Air Compressors
Mining and Crushing
Machinery
Flour Mills
Saw Mills
Transmission Machinery
Motors
Illinois Steel Co., Gary Indiana Crushers, Pumps

Gas Engines

ALLIS-CHALMERS MANUFACTURING CO.
CENERAL OFFICES MILWAUKEE, WIS.
Offices in all Principal Cities
For all Canadian business refer to Canadian Allis-Chalmers, Limited To-
ronto, Ontario, Canada.

Foreign Representatives
Frank R. Perrot, 204 Clarence St., Sydney, N. S. W.
H. I. Keen, 732 Salisbury House, London Wall, E. C., London, Eng.
Frank R. Perrot, 883 Hay St., Perth, W. Australia.
Mark R. Lamb, No. 87 Galeria Beeche, Casilla 2653, Santiago, Chile.

The New 4 Foot Smith “Mascot” Mixer

The new 4 foot Smith “Mascot” Mixer, retains the duo-cone
drum and othu vital points of Smith Mixer design but combines with

themnewandumqucfeatures

As engineers you will ap-
preciate what it means to
have the big drum gear and
main rollers entirely covered
by a dust proof casing-to e-
liminate main rollers and
edge rollers—to have a rope-
less, sheaveless, geared side-
loader. These are a few of
the interesting features of
the ‘‘Mascot’”” Mixer but
there areothers. Letussend
you our “Smith Mascot” fold-
er No. 90-A.

THE T. L. SMITH CO.

1154 32nd St
MILWAUREE - WISCONSIN

Kind!_g,}_{rrientﬁ: Tﬁe Wiscdnsin Engineer when you write.
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THE MILWAUKEE MIXER

Better than ever with the new improvements
incorporated in the new 1914 models. TIts
simplicity and sturdy construction, compact-
ness and efficiency appeals to everybody.

We also manufacture

THE WISCONSIN

low charging mixers as
well as the latest and best
street paving mixers.
Catalogue showing our
complete line cheerfully
furnished upon request.

Your Instrument Needs

for every class of work can best be
accommodated by the unusually com-
plete line of

Bausch & Lomb
Engineering Instruments

They combine many original
features with practical efficiency
in all models. Write to-day for
our new complete catalog,
containing full descriptive and tech-
nical matter of exceptional interest.

‘W"«
No. .0555 inch Transit; reinforced truss standards; cylinder
axis bearings; variabl: power e: epiece; tubular compass needle

Bausch £s [omb Optical ©.

JEW YORK WASHINGTON CHICAGO SAN FRRANCISCO

LONDON ROCHESTER. NY- FRANKFORT '
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Drawing InKs
Eternal Writing Ink
Engrossing Ink
Taurine Mucilage
Pheto Mounter Paste
Drawing BoardPaste
Liquid Paste

Office Paste
Vegetable Glue, Etc,

Emancipate yourself from
the use of corrosive and
ill-smelling inks and adhe-

| sivesand adopt the Higgins

Inks and Adhesives, They
will be a revelation to you,
they are so sweet, clean
well put up, and withal so

efficient. For home, office
or school use they are posi-
tively the best.

At Dealers Generally

CHAS. M. HIGGINS & CO., Manufacturers,

Branches, Chicago, London. 271 Ninth St., BROOKLYN, N. Y

OVER 50,000 MILES IN USE

)
1 -%m

Wolhaupter Joint
THE RAIL JOINT CO., {88 &%
Makers of Base Supported Rail Joints for Standard and Special Rail

Sections, also Girder, Step or Compromise, Frog and Switch, and Insu
lated R ail Jeints, protected by Patents.

Weber Joint

Continuous Joint

THE VILTER MFG. CO., 966 Clinton St.,

Milwaukee, Wis.

ESTABLISHED 1867

BUILDERS OF ALL SIZES
Corliss Engines

——— AND ——

Ice Machines

High Pressure Corliss JEngine

dfundum (rystolon

GRINDING WHEELS

The success of these wheels in the various kinds of grinding tends to prove that they come nearer the maximum
both in long life and fast-cutting quality—maximum efficiency—than any other grinding whee's.

New York, N. Y.
Chicago, IlI.

NORTON COMPANY

Worcester, Mass.

Niagara Falls, N. Y.
Chippawa, Ont., Can.

Kindly mention The Wisconsin Engineer when you write.
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ANDRAE, THE ENGINEER'S MART

For fifty-three years Andrae has been the one dependable spot for engi-
neers to rely on for their

Electrical Construction Materials

No matter what it is you want—anything from an esti-
mate to 10,000 feet of cable, you can depend on prompt-

RS ness and despatch.
16 Send for our catalog and try us on your next installation
AL . R
%“ Julius Andrae & Sons Co.

Milwaukee, Wis. .
R T S e e e |

Mechanical Drawing Instruments
Richters—Dietzgen Instruments

Send for our complete drawing instrument catalogue

Ph. Gros Hardware Co.

Milwaukee, Wis.

ENGINEERS!

When you are in need of Photographic
services of any nature, we will appreci-
ate your patronage.

The Photo Shop

521 State Street (Up-stairs)
W. L. McKillop, Mgr.

Commercial Work Amateur Finishing
Flash Lights Enlarging
Groups Lantern Slides

Kindly mention The Wisconsin Engineer when you write.
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Every Page of Practical Engineer
is Educational

Those interested in power plant engineering will find
Practical Engineer of extreme value.

It publishes detailed, illustrated articles on the latest
improvements in power plant engineering work. They are
technical articles in understandable language on Power
Plants, Central Heating Plants, Heating and Ventilating,
Refrigeration and Cold Storage, etc.

Practical Engineer contains more valuable features than
any other magazine in the power plant field, more than 1200
pages of knowledge that is essential to your success.

Send a $1.00 bill with your name and address for a
vear’s subscription of 24 issues,

Sample copy upon request

PRAGTIBAL

ENGINEER

537 South Dearborn Street, Chicago Illinois

INDESTRUCTO TRUNKS

The trunk the baggageman can’t break

guaranteed . ) See this trunk
for DESIRU(] : before
5 years TRUNKS "} buying
Sold exclusively by
WEHRMANN'’S
Leather Goeds Store
116 King Street - - - Phone 666

Kindly mention The Wisconsin Engineer when you write.
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Fconomy 1s the Saving of Unnec-
essary Eixpense

The importan_ee of Northwestern dividends is well shown by the
10 Payment Life Policy, which is identical with the 20 Pay Life and
the Ordinary Life except in number of premium payments,

Face of policy (amount of insurance) $1,000 Age 22
Annual Premium $47.69 Policy year ~ Dividend Net Cost

T e om o siomm o womn mosemee ansih® 5300 § BRS HoreE v $6.03 $41.66
D e s B RS T W e e e pes e 6.52 41,17
PR S 7.02 40.67
B L e na R R RN ¥ v & a e 7.54 40.15
T T 8.07 39.62
G e o wonh 3 il § EE SGUER BB 5n € e 8.63 39.06
A 9.21 38.48
B e e o wmom 2 snrs o i SV W § WEH ¥ peR o 9.80 37.89
O oo omns il § B Y R N R S § e 10.42 37.27
2 [ 4 TN 11.06 36.63

Total amount deposited with Company...... $392.60

At end of ten years premium payments cease, dividends con-
tinue, and the insurance remains in foree.

The figures furnished by the Company for the first six years in this
{llustration represent the dividends payable in 1914 on policies issued since
January 1, 1908 (when its present premium rates were adopted), and those
for later pollcy years the dividends that will thereafter be paid, provided
the same dividend basis remains in effect.

Any change in the dividend basigs will necessarily change the amounts
of future dividends. The following figures therefore must not be considered
as promises or estimates of future results. Their purpose is only to show
the dividends the Company is now paying or such as it will pay if its present
dividend basis be continued.

If You Want Northwestern Dividends You Must Buy

Northwestern Policies

Send the coupon for further University Agency
. . Pearson Bldg.,
information to Please send me information regarding

Northwestern insurance.
J- P- DaVleS, Managef, or WAME ooy soans snpavess SR e

Ca]l NO. 483] A R oo s s s

Kindly mention The Wisconsin Engineer when yo~ write.
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ILLUMINATION OF THE SHOW WINDOW.,

By Jou~x A. HOEVELER—I1911.
INluminating Engineer—National X-Ray Reflector Co.

It has been said, ‘‘The retailer—the man with a store—has no
better salesman at his command than his show window. It ecan
display gcods and emphasize values in a most alluring manner;
and it is ever on the job.”

If this is true of a window in the day time, when everyone is
passing along the streets hurriedly, how much more valuable is
that same window at night, when the multitude moves along more
leisurely 2 We may even go further and say that the most ‘‘at-
tention compelling’’ windows, are the brightest windows—the
ones that stand out in contrast to their dimmer surroundings.
This emphasizes the need of illuminating a window, and illumi-
nating it brightly.

With the advent of the incandescent electric lamp, show win-
dow illumination advanced tremendously, at least insofar as
brilliancy was coneerned. The popular method of illuminating
the window was to outline it with bare lamps. The result was a
“much lighted’’ but hardly a ““well lighted’” window, since it is
a matter of common knowledge how difficult it is to see past such
a wall of light. The next step was the use of ornamental light-
ing fixtures centrally located in the window, and this is still the
popular method with many of the small merchants. From the il-
luminating stand-point it is mnot particularly good. Deep
shadows are east on the front of the goods, which is close to the
plate glass. The glare from the exposed lighting units interferes
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with clear, comfortable vision. The progressive merchant has
discarded the ornamental lighting fixture for window lighting
purposes for another reason, which is purely commercial. Ile is
in business to sell his own particular line of goods, not lighting
fixtures, and therefore it is folly for him to place his own goods
at a distinet disadvantage by crowding his window with highly
ornate lighting fixtures. Iig. 1 shows a poorly lighted window.
The lighting equipment consists of a long brass rod, supported
from two chains, from which the lights are suspended at frequent
intervals.

The present day conception of a well lighted window, is the
window in which the goods displayed stands out attractively, se-
cures the interest and holds the attention of the observer, without
causing a thought to arise in his mind relative to the means by
which the lighting is accomplished.

Fic. 1.—Incorrect window lighting showing the results
of glare from exposed lighting units.
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Perhaps it was the commercial aspect, and the prime necessity
for attractively and effectively illuminating the show window
that first taught us the advantage of concealing the light sources.
Certainly we have learned it most thoroughly, and have prac-
tised it most consistently in connection with window lighting,

CLASSIFICATION OF SHOW WINDOWS,

In general show windows may be divided into two classes:
open-back, and boxed-in,

| GLASS FRONT.

Fie. 2.—Cross section of window height equal to
depth, high trim.

Open back windows are typical of the small store—grocery,
meat market, ete.—on the outskirts of a eity, and in many small
towns,

Boxed-in windows, on the contrary, are more common with the
higher class stores. Tnecluded in this class are all windows which
have a solid and opaque background part or all the way to the
ceiling. Usually these windows are provided with a false ceiling,
and in some cases are arranged in two tiers.

REQUIREMENTS FOR WINDOW LIGHTING.

In citing the requirements for window lighting, the open back
window will be left out of consideration, since the lighting of
these windows usually is only a continuation of the store lighting.
In many instances they have no special lighting, and in prae-
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tically all cases, where they have speeial lighting equipment, the
illumination of the front of the store also is derived from them,
In order that the boxed-in window may be effectively and
pleasingly illuminated, the following requirements must be ful-
filled :
The lamps must be concealed.
The light must be properly directed.
The intensity must be ample.
The illumination must be uniform.
The color of the light must be pleasing.
The importance of directing the light from concealed sources
has already been mentioned. A person can easily prove this to

2 B =

e

:CJI

Fie. 3.—Cross section of window height 1% times
depth, medium trim.
his own satisfaction by observing the lighting of the windows
along a live business street. The windows that attract attention
and stand out from their neighbors, invariably are the ones in
which this principle is carried out.

The direction of the light is of equal importance to the above
consideration. Windows are trimmed in accordance with well
defined principles:—the low and flat display at the front, and
the high vertical display at the rear. Hence the “‘line of trim”’
takes a pretty well defined form as indicated in Figs. 2, 3, 4. The
horizontal display at the front requires a high horizontal com-
ponent of illumination, whereas the vertical display at the rear
requires a high vertical component. The simplest manner of se-
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curing these results is the use of a properly designed lighting
unit placed at the front and top of the window.

The intensity of illumination required on the line of trim de-
pends on numerous conditions: the intensity of the street illumi-
nation, the brightness of neighboring windows, the class of goods
displayed and the color of the goods and background. In order
that a window may attract attention it must be illuminated much
more brightly than the street. It will then stand out by contrast.
If the window is located on a street, of which the general stand-
ard of window lighting is high, the minimum effective intensity

GLASS FRONT

BACKGROUND

F16. 4.—Cross section of window height 2 times depth.
medium trim,

would be that of the neighboring windows. Some classes of goods
require extremely high intensity of illumination, others require
only moderate intensities. As an example men’s furnishings as
a rule require only a moderate intensity. Clothing on the con-
trary requires a high intensity. In general dark goods require
much higher intensities than light goods. A light background
will always give a window a bright appearance even with com-
paratively low intensities, whereas the dark back ground tends
to produce the opposite effect. Mirrored backgrounds should not
be used. One of the chief reasons why merchants desire mirrors,
is the faet that they believe the observer will be enabled to see
both the front and back of the objects in the window. However
the brightness, to which the back of the objects is illuminated, is
so low that the results are not very satisfactory. In addition to
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this, much brighter images of surrounding objects detract rather
than add to the effect sought.

The need of uniform illumination in the show window hardly
requires any special comment ; it is apparant on the face of it. A
uniform spacing of lighting units of proper design, along the
front of the window, will aceomplish this.

The color of the light of the tungsten lamp is most satisfac-
tory for window lighting, and the tungsten lamp has largely dis-
placed the carbon lamp.

Fi6. 5.—8ilvered glass window 1‘cﬂector.

WINDOW LIGHTING EQUIPMENT,

The problem encountered, when designing lighting equipment
for show window illumination is of a very special nature. The
angle intercepted by the line of trim in the plane perpendicular
to the glass varies from 50 to 95 degrees, depending upon the
dimensions of the window. This imposes the first condition to be
solved. The light flux of the lamp must be confined to an angle
of 95 degrees.

Figures 2, 3, 4, are cross sections of three typical windows.
The line of trim of the window of Fig. 2, subtends an angle of
95 degrees; in Fig, 3 it subtends an angle of 65 degrees; and in
Fig. 4 it subtends an angle of 50 degrees. For each of these win-
dows a different distribution of light is required, as shown in the
figures.
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A study of the characteristies of reflecting surfaces will at once
indicate that only surfaces following the laws of specular or of
spread reflection are capable of giving the necessary concentra-
tion of light and of these, the specular surfaces are preferable,
inasmuch as they permit variation in the light distribution in
accordance with the wishes of the designing engineer. A reflect-

Fia. 6.—Correct window lighting from concealed sources., HEquipment-—
100 watt tungsten lamps equipped wilh individuel X-Ray No. T80
reflectors,; units spaced on 18 inch centers.

ing surface following the law of diffuse reflection would be in-
capable of giving the required concentration, and any reflector
of this type, designed with this purpose in mind, would be in-
efficient indeed, due to excessive losses by internal reflections.
The pioneer equipment for concealed lighting of show win-
dows is the familiar trough, constructed of metal and lined with
white opal glass, or strips of ripple mirrored glass in which the
lamps are placed vertically or horizontally at frequent intervals.
While the trough reflector marked a great advance in window
lighting methods, and dominated the field for a long time, it has
numerous defects. There is a great waste of light due to the
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lack et control of th(, end-wise Ilo‘ht ﬂux the mtem‘eruneu of light
flux of adjacent lamps, and the lack of sufficient variation in de-
sign to meet the variable conditions encountered in practice.
The distribution of light from the trough is not uniform over the
trim. The bulk of the light flux is confined to the upper pOI‘thIl

90, 90g
5,
60,
45, 100 T5g
30,
200 -
\
A
300
15, /L KL 45,
B
0 I5n 30r

Fra. 7.—Light distribution X-Ray #780 reflector with
100 watt tungsten lamp. (1.08 W, P. C.)

of the window, with a consequent insufficiency at the front and
bottom. Ilowever the trough is so far ahead of the old systems
of exposed lighting, that it deserves very favorable comment in
the history of window lighting.

An individual reflector for each lamp prevents much of the
waste of light characteristic of the trough, and makes possible
a more even distribution over the line of trim. Such reflectors
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preferably should be non-symmetrical with a distribution of
light that cuts off sharply at the edge of the window and at the
top of the trim. Symmetrical reflectors placed at the front of
the window in a vertical position are wasteful—practically half
of the light escapes through the plate glass onto the sidewalk—
and do not give an even distribution of light on the trim. The
concentrating type of symmetrical reflector may be used to ad-
vantage when tilted at an angle. By a study of the conditions
in any particular case, an arrangement of concentrating sym-
metrical reflectors tilted at a number of different angles may be
secured which will give good results. The installation of such
equipment, however, entails constructional difficulties, which are
entirely overcome by the use of non-symmetrical reflectors in
which the lamps hang pendant.

Specially designed silvered glass reflectors (specular reflecting
surface) of the type shown in Fig. 5 are meeting with wide ap-
plication. They are designed in a variety of sizes and shapes,
and cover the field in a most complete manner, Their efficiency
excells that of all the other commercial reflectors by a handsome
margin. Fig. 6 shows a window illuminated by means of 100
watt tungsten lamps equipped with silvered glass reflectors. The
light distribution curve of the reflector used is shown in Fig. 7.

A comparison of Figures 1 and 6 will bear out what has been
said concerning the need of concealing the light source, of proper
direction of the light, and of uniformity of illumination on the
trim. In Fig. 1 note the glare due to the lighting units, and the
consequent loss of detail on the trim adjacent to the units. Note
the front of the two forms in the foreground are in deep shadow,
because the lighting units are placed centrally, and the light for
these objects is from the rear. The non-uniformity of the illu-
mination is apparent. Now note how all these features have been
diminated in the window of Fig. 6.
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A DESCRIPTION OF THE REYNOLDS-GIRDER FRAME
CORLISS ENGINE.

E. T. AvAanms,
INTRODUCTORY NOTE BY JOHN G. D. MACK.

Some weeks ago Mr. E. T. Adams was in my office and upon
seeing this model gave a most interesting account of the design
of the Reynolds-Corliss engine as he had heard it from Mr. Rey-
nolds.

I suggested to Mr. Adams that he write out the story for the
Wisconsin Engineer, as it would make a valuable contribution
to the history of Wisconsin industry, in addition to giving an
idea of the methods of design practiced by a man who played so
large a part in the development of machine building in this state,
—HKdwin Reynolds.

Mr. Adams was associated from many years with E. P. Allis &
Co. and its successor,—The Allis-Chalmers Company.

In the earlier years he was engineering secretary for Mr. Rey-
nolds, later becoming head of the Steam and Gas Engine Depart-

ment of the Allis-Chalmers Company.
Marcu 30, 1914.

My DeAR MR, MACK:

Here is the story of the girder frame as I recall it after many years.
I think I have Mr. Reynolds’ statement of his problem almost ver-
batim,—it made a tremendous impression on my mind. It is a volume
on Machine Design. Yours Truly,

539 Terrace Ave.,, Milwaukee, Wis. E. T. Apams.

The model of the Girder Frame Reynolds-Corliss Engine which
you have in your classroom recalls a story of its design as I had
it from the designer, Edwin Reynolds. Mr. Reynolds’ fame as
an Engineer rests chiefly on greater and bolder undertakings,
but T know of no work which he did, more characteristic of the
man, or which better illustrates the qualities which mark a mas-
ter.

T think that this design was made during the early seventies.
Prior to this date Mr. Reynolds was the superintendent of the
Geo. . Corliss Engine Works at Providence, R. I. Corliss was
at this time at the height of his fame and Mr. Reynolds as his
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superintendent held what was probably the best mechanical po-
gition in the country.

At the time of which we speak, Mr. Reynolds visited Milwau-
kee to meet Mr, E. P. Allis and at about this date concluded an
agreement to become the General Superintendent of the E. I’
Allis Co. and to build up in the West, a Reynolds-Corliss engine
business which was very soon to completely overshadow the work
of the Providence plant.

T e — - e = %
: 3 . 7 e . > . o
1 ' 2

Working model of Reynolds-Corliss engine (17 x 4), presented to
the College of Engineering by Mr, Louis Allis.

This model was built about twenty-five years ago by the E. P. Allis
Company and was exhibited at the Chicago Worlds Fair and other ex-
positions.

The E. P. Allis Co. was at that time very far indeed from be-
ing in the prosperous condition to which they grew later, under
Mr. Reynolds’ superintendency. The shops were most miserably
equipped and the company had no money. The machine shop
was a light wooden affair, part or all of which had been bought
cheap, floated down the Milwaukee river on a scow and re-erected
on land which at that day was almost a marsh,

Poor as the machine shop was in tools and equipment of every
kind, the foundry was far worse. It was situated at a short dis-
tance from the machine shop and in wet weather the space be-
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tween was a morass, almost impassable. Through this horses
floundered as best they could, dragging a ‘‘flat’’ on which cast-
ings were transferred from the foundry to the machine shop.
A casting lost from the ‘‘flat’” in transit was lost forever.

The foundry had been equipped as a pipe foundry and a swing-
ing crane arranged to serve the pipe pits was the only mechanical
aid in the place. ‘““When I came to look the ground over’’, said
Mr. Reynolds, ‘‘the outlook was discouraging, for while the ma-
chine shop could handle a fair sized casting, we could not make
such a casting in the foundry, neither could we have transported
it from the foundry through the morass to the shop and the com-
pany had no money with which to provide equipment of any
kind.

““The problem then was to design something which could be
built with such equipment, in tools and men, as we had, and
which could be sold for more than it cost us to build it.”’

Having decided to establish himself at Milwaukee, Mr. Rey-
nolds returned east to end his connection with the Corliss Works
at Providence, and it was during this return journey that he
worked out, on the back of old papers taken from his pockets,
the design of at least a large portion of the engine of which you
have the model.

The frame is made in two pieces on account of the poor foun-
dry equipment and the morass, and also arranged so that either
a right-hand or a left-hand engine or one of the longer or shorter
stroke could be built from the one set of patterns, a vital consid-
eration where money was lacking.

It is worth while to note the extreme simplicity of the machine
and foundry work in this frame, and the ease with which the
variations in hand or stroke could be made. There was slight
chance for error in the shop, and this also was most important.
““The foundry”, said Mr. Reynolds, ‘‘was especially weak, the
men employed there were in no sense moulders. I saw that we
must have as few cores as possible, and you will find that there
is only one core in the frame, and that one, the jaw for the main
bearing, is so formed that the casting would come right no mat-
ter how the core is set.”’

The joint in the frame is most cunningly placed, first to make
simple shop operations suited to poor equipment and unskilled
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mechanics, and second the parts are so placed as to give the great-
est stiffness at the points of greatest stress.

The cylinder and valve gear exactly as shown in your model
and as copied by almost everybody had manifestly been thor-
oughly thought out prior to this trip, and very likely it formed
part of a more elaborate design which he found it necessary to
abandon in order that he ‘‘might design something which could
be built with such equipment, in tools and men, as we had, and
which could be sold for more than it cost us to build it”".
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FORMULAS FOR ESTIMATING YEARLY EXPENSES OF
PROPOSED EXTENSIONS OF DISTRIBUTION SYS-
TEMS OF PUBLIC UTILITIES WITH SPECIAL
REFERENCE TO WISCONSIN UTILITIES.

H. E. PuLver, C. E.

One of the most important problems in connection with publie
utilities is that of extensions of their distribution systems. While
practically all utilities desire more profitable business and aro
usually willing to extend their distribution systems to secure
such business, very few of them have any definite rules or formu-
las for estimating whether or not a proposed extension will be
profitable. In general the distribution system should be ex-
tended if the estimated gross vearly revenues from the proposed
extension are equal to or greater than the estimated total ex-
penses (including profit) of the extension for one year. In some
cases it may be advisable to build an extension which will not
be profitable at once, providing that there are good chances to
secure additional customers for the extension during the next
few years. In making an estimate of the yearly revenues of a
proposed extension the smaller utilities do not appear to have
found muech trouble but they have usually experienced some dif-
ficulties in preparing an estimate of the yearly expenses of that
extension.

In the following article some formulas are suggested for use
in estimating the yearly expenses of proposed extensions of the
distribution systems of some public utilities in the state of Wis-
consin. In this state all public utilities make annual reports to
the Railroad Commission on certain prescribed forms and the
information given in these reports is arranged and tabulated and
then published by the Railroad Commission as a part of its
annual report. Consequently the terms in the following formu-
las have been chosen and arranged so that direct use may be made
of the data contained in these published reports.

In order to facilitate the work of the Commission, the differ-
ent kinds of public utilities have heen divided into classes (the
division being usually based on the population of the ecity in
which the utility is loecated) and all of the utilities of the same
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kind and class use the same form of annual report. The follow-
ing table shows the four important kinds of utilities and the
classes into which they are divided.

TaprLe 1.

Classification of Public Utilities in Wisconsin.

Utility

Class Remarks
BleetriC.cvuyviavi oo A In cities having a population of 10,000 or over.

B In cities having a population of from 3,000 to

10,000.

C In cities having a population less than 3,000.
TR B e mmosnen a5 ssv s A In cities having a population of 10,000 or over.

B In cities having a population less than 10,000.

C Very small utilities operated by gasoline or

acetylene processes.
WAteT e v v serimmminss A In cities having a population of 10,000 or over.

B In cities having a population of from 3,000 to

10,000,

C In cities having a population less than 3,000.
Telephone.......... A In cities having a population of 15,000 or over.
{Exchange Systems) B In cities having a population of from 5,000 to

15,000.

C All other exchanges except “D”.

D Exchange systems of 150 telephones or less.
Telephone.......... A Total operating revenues of $20,000 per year
(Toll Systems)..... or more.

B Total yearly operating revenues of from $5,000

to $20,000,

C All other toll systems except “D”.
D Toll systems operating 150 telephones or less.
In developing the formulas the same general method was fol-
lowed in each case. The gross yearly revenues, which must be
received from the extension to make it pay, were considered as
equal to the sum of the different yearly expenses. In each of the
formulas the first expense term is called the extension construe-
tion term and this is equal to the total first cost of the extension
multiplied by the sum of the annual rates of interest, taxes, profit
and depreciation. To obtain the other terms in the formulas, the
main expense accounts of the utilities (and what is included in
these accounts) were carefully considered and units chosen for
reducing each of these general expense accounts to a unit eost
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basis. Then all of the unit expenses, which were based on a cer-
tain unit, were summed up and multiplied by the number of
those units which would be in the proposed extension. For ex-
ample, all of the yearly unit expenses, which had been found by
dividing certain of the general expenses by the total number of
consumers, were added together and then multiplied by the num-
ber of prospective consumers on the proposed extension and this
term was called the consumer term. In a like manner all of the
unit expenses, which were based on another unit, were summed
up and multiplied by the number of those units on the extension,
thus obtaining another term in the formula. This process was
repeated until all of the unit expenses had been included in the
formula.

Throughout the formulas capital letters were chosen to repre-
sent the units and small letters to represent the unit expenses.
Also the letters were so selected as to indicate just what units
or unit expenses they were to represent. For instance, ‘‘C’’ rep-
resents the number of consumers on the proposed extension, ‘‘¢”’
the unit commercial expense, and ‘‘g’’ the unit general expense
and so forth,

In order to determine just what is included under each gen-
eral expense account, reference should be made to the uniform
classifications of accounts for the different utilities as prescribed
by the Wisconsin Railroad Commission. These classifications are
published by the Commission in pamphlet form.

Formula for Distribution System Extensions of Electric Ulilities.
R=aE+mL+dM+(k+ct+g+u) C+(pt+t+s+i) fK.

REVENUE TERM.

R equals the gross yearly revenues, in dollarg, which must be received
from the proposed extension to make it pay.

ExtexsioNn CoxsTRUCTION TERM,

aE equals the cost per year due to the construction of the new exten-
sion.

E ig the total cost of construction (expressed in dollars) of the new ex-
tension in place and ready to operate.

a is the sum of the rates of interest, depreciation, profit and taxes
charged to the extension and expressed as a decimal.
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STREET Licrir TerM,

mL contains all of the unit expense items which have been determined
by prorating on the total number of street lights operated by the
utility.

L is the number of street lights on the new extension.

m is the yearly expense per light. This expense is the Municipal Con-
tract Lighting part of the Consumption Expenses and includes such
expenses as trimming and inspecting street lamps, street lamp sup-
plies and renewals, miscellaneous lighting supplies and expenses
and the maintenance of the street lamps.

MILEAGE or LINE TERM.

dM contains all of the unit expense items which have been determined
by prorating on total mileage of line (pole and conduit) of the
utility distribution system.

M is the number of miles of line (pole and conduit) in the extension.

d is the yearly expense per mile of line of the entire distribution sys-
tem, and includes such expenses as are due to the operation and
maintenance of a distribution system. There was not much choice
between prorating the distribution system expenses on the line
mileage or the number of meters but it was thought that the mile-
age of line basis would be less in error especially in the residence
sections of towns and cities.

CoNSUMER TERM,

(ktetgtu)C contains all of the unit expense items which have been
determined by prorating on the total number of consumers of the
utility.

C is the number of consumers on the extension.

k is the yearly Commercial Consumption expense of the utility per
consumer and includes such expenses as trimming and inspecting
commercial lamps, commercial lamp supplies and renewals, mis-
cellaneous commercial consumption supplies and expenses, con-
sumers premises expenses and the maintenance of commercisl
lamps.

¢ is the yearly Commercial expense of the utility per consumer and in-
cludes the expense due to collections and the promotion of business.

g is the yearly General expense of the utility per consumer and in-
cludes such expenses as general office salaries, supplies and ex-
penses, general law expenses, miscellaneous general expenses, R. R.
Commission expenses and the maintenance of general office equip-
ment, general office buildings, fixtures and grounds.

u is the yearly Undistributed expense of the utility per consumer and
includes the expenses due to injuries and damages, insurance, sta-
tionery and printing, operation and maintenance of the stores
department and the utility department and their equipments, build-
ings, fixtures and grounds.
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Kinowarr Hour TERM.

(p+t+s+i) fK contains all of the unit expense items which have been
determined by prorating on the total number of kilowatt hours
consumed by all of the customers of the utility.

K is the number of kilowatt hours that will be consumed by the ex-
tension in one year.

f is one plug the lost and unaccounted for electric current in the ex-
tension and expressed as a decimal.

p is the cost of producing one kilowatt hour at the generating station
(Power cost) and includes all expenses due to the operation and
maintenance of the power plant.

t is the Transmission and Transformation expense per kilowatt hour
and includes the expenses of operating and maintaining the trans-
mission system, substations and transformer stations.

s is the expense per kilowatt hour due to the operation and mainten-
ance of storage batteries (Storage expense account).

i is the cost per kilowatt hour due to all other expenses (Deprecia-
tion, Taxes and Contingencies Extraordinary) for the whole util-
ity with the exception of the distribution system. See later re-
marks concerning this term,

Formula for Distribution System Eaxtensions of Gas Ulililies.

R=al+mL+(d+ct+g+u) C+(pH) fG.
REVENUE TERM.

R equals the gross yearly revenues, in dollars, which must be received
from the proposed extension to make it pay.

ExXTENSION CONSTRUCTION TERM,

all equals the cost per year due to the construction of the new exten-
sion.

I is the total cost of construction (expressed in dollars) of the new
extension in place and ready to operate,

5 is the sum of the rates of interest, depreciation, taxes and profit
chargeable to the new extension and expressed as a decimal.

Mux1cirAL CONTRACT TaGHTING TERM.

mL contains all of the unit expense items which have been found by
prorating on the total number of street lamps operated by the util-
ity.

L is the number of street lamps on the new extension.

m is the yearly Municipal Contraet Lighting expense per lamp, and
includes all expenses due to the operation and maintenance of the
street lamps.
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CONSUMER TERM,

(d+ctgtu)C contains all of the unit expense items which have been
determined by prorating on the total number of consumers of the
utility. These items might have been prorated on the total num-
ber of meters instead of the total number of consumers but it was
thought that the consumer basis was the more logical one to use.

C is the number of consumers on the new extension.

d is the yearly Distribution expense per consumer and includes such
expenses as are due to the operation and maintenance of the dis-
tribution system of a gas utility. This expense account was pro-
rated on the consumer basis instead of mileage of main basis be-
cause the sum of the parts of this account chargeable to meters
and consumers was larger than the sum of those parts chargeable
to mains. There are a few gas utilities in Wisconsin which are
exceptions to the above statement.

¢ is the yearly commercial expense of the utility per consumer and
includes collection expenses and such expenses as are due to the
promotion of business.

g is the yearly General expense of the utility per consumer and in-
cludes such accounts as general office salaries, supplies and ex-
penses, law (general) expenses, miscellaneous general expenses,
R. R. Commission expenses, and the maintenance of the general
office equipment, buildings, fixtures and grounds.

u is the yearly Undistributed expense of the utility per consumer and
includes such expenses as injuries and damages, insurance, sta-
tionery and printing, operation of the stores and utility depart-
ments and the maintenance of the equipment, buildings, fixtures
and grounds belonging to these departments.

GaAs PropucTION TERM.

(pti) fG containg all of the unit expense items which have been deter-
mined by prorating on the total number of thousand cubic feet of
gas consumed by all of the customers of the utility.

G is the number of thousand cubic feet of gas that will be consumed
by the new extension in a year.

f is one plus the percentage of gas lost and otherwise unaccounted for
in the extension and expressed as a decimal.

p is the cost of producing one thousand cubic feet of gas at the pro-
duction plant (Production expense) and includes all expenses due
to the operation and maintenance of the production plant.

i is the cost per one thousand cubic feet of gas due to all other ex-
penses (Depreciation, Taxes and Contingencies Extraordinary) for
the whole utility with the exception of the distribution system.
See later remarks concerning this term.
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Formula for Distribution System Extensions of Water Ulililies.

R=—aB+dM+ (ctg+u) C+ (p+i) £W.
REVENUE TERM.

R equals the gross yearly revenues, in dollars, which must be received
from the proposed extension to make it pay.

ExtENsioN COXSTRUCTION TERM.

al equals the cost per year due to the construction of the new exten-
sion.

K is the total cost of construction (expressed in dollars) of the new ex-
tension in place and ready to operate.

a is the sum of the rates of interest, depreciation, profits and taxes
chargeable to the new extension and expressed as a decimal.

MILEAGE OF MAINS TERM.

dM contains all of the unit expense items which have been found by
prorating on the total mileage of mains in the distribution system
of the utility, regardless of the size of the mains.

M is the total length of mains, in miles, in the new extension.

d is the yearly Distribution expense per mile of mains and includes
such expenses as are chargeable to the operation and maintenance
of a distribution system of a water utility.

CoxsuMmER TERM.

(c+gtu)C contains all of the unit expense items which have been de-
termined by prorating on the total number of consumers of the
utility.

(' is the number of consumers on the new extension.

¢ is the yearly Commercial expense of the utility per consumer and in-
cludes the expenses due to collections and the promotion of busi-
nesg.

g is the yearly general expense of the utility per consumer and in-
cludes such accounts as general office salaries, supplies and ex-
penses, general law, R. R. Commission and miscellaneous general
expenses, and the maintenance of the general office equipment.
buildings, fixtures and grounds.

u is the yearly Undistributed expense of the utility per consumer and
inecludes such expenses as injuries and damages, insurance, sta-
tionery and printing, operation of the stores and utility depart-
ments and the maintenance of the equipment, buildings, fixtures
and grounds belonging to these departments.

WATER TERM,

(p+i)fW contains all of the unit expense items which have been de-
termined by prorating on the total number of thousand gallons
of water consumed in a year by all of the customers of the utility.
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W is the number of gallons of water, in thousands, which the con-
sumers on the new extension will use in a year.

f is one plus the percentage of water lost and otherwise unaccounted
for in the extension and expressed as a decimal.

p is the cost of one thousand gallons of water to the utility when this
water is ready to enter the distribution system. This is the Pump-
ing expense and includes such expenses as are chargeable to the op-
eration and maintenance of the pumping plant (including the
purification system and the collecting aqueducts, intakes and
supply mains and the accompanying buildings).

i is the cost per thousand gallons of water due to all other expenses
(Depreciation, Taxes and Contingencies Extraordinary) for the
whole utility with the exception of the distribution system. See
later remarls regarding this term.

Formula  for Distribution System Extensions of Telephone
[tilities.

R=aE+wM+(ot+s+c+gtuti) P,

Revexur TERM.

R equals the gross yearly revenues, in dollars, which must be received
from the proposed extension to make it pay.

ExXTENSION CONSTRUCTION TERM,
all equals the cost per year due to the construction of the new exten-
sion.
E is the total cost of construction, in dollars, of the new extension in
place and ready to operate.
a is the sum of the rates of interest, depreciation, profits and taxes
chargeable to the new extension and expressed as a decimal,

MILEAGE or POLE LiNg TERM,

wM contains all of the unit expense items which have been determined
by prorating on the total mileage of pole (and conduit) line of the
utility.

M is the number of miles of pole line in the extension.

w is the yearly Wire Plant (Transmission) expense per mile of pole
line and includes all expenses due to the operation and mainten-
ance of the transmission system of a telephone utility.

Prioxe TERM.

(otstetgtut+i) P contains all of the unit expense items which have heen
determined by prorating on the total number of phones operated
by the utility.

P is the number of phones on the new extension.
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o is the yearly Central Office (Traffic) expense of the utility per phone
and includes all expenses due to the operation and maintenance of
a central office.

s is the yearly Substation (Terminal) expense of the utility per phone
and includes all expenses due to the operation and maintenance
of the phones and other parts of the substation equipment.

¢ is the yearly Commercial expense of the utility per phone and in-
cludes all expenses chargeable to collections, uncollectible ac-
counts and promotion of business.

g is the yearly General expense of the utility per phone and includes
such accounts as miscellaneous general, general law and R. R.
Commission expenses and also the expenses due to the operation
and maintenance of the general office.

u is the vearly Undistributed expense of the utility per phone and in-
cludes such expenses as injuries and damages, insurance, station-
ery and printing, stores department and utility equipment main-
tenance and operation.

is the yearly expense per phone due to all other expenses (Deprecia-
tion, Taxes and Contingencies Extraordinary) for the whole util-
ity with the exception of the wire plant and substations. BSee
later remarks regarding this term.

e

The following table gives the various general expense accounts
for the four different kinds of utilities and shows what units
were chosen in determining the unit expenses and also what
small letters were used to represent these unit expenses.

For an example illustrating the use of the formulas, suppose
that an extension of the water utility at Neenah, Wis., is being
considered and that the following data about this extension has
heen determined. Length of extension is 700 feet (of 6 inch
main) and its total cost will be $650. The extension will serve
one fire hydrant, three dwelling houses having six rooms or less,
two seven-room dwelling houses and one ten-room dwelling house
with water closet and connections for hose for lawn sprinkling.
ATl of the houses will be on flat rates.

The total yvearly expenses of the extension will be determined
by the formula,

R=aE+dM+ (ctgtu) C+(pti) fW.

a equals sum of 0.075 (interest and profit), 0.00 (taxes) and 0.01 (de-
preciation) or 0.085. As this is a municipal company, no taxes are
included.

E equals $650, from the data given above.

d equals $796 (Distribution expense) divided by 13.14 (miles of mains),

or $60.58.
M is the miles of mains in the extension, or 0.133 miles.
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TasLe IL.

Swmmary of the General Ervpense Accounts, Units and Small Lettters
Used inthe Preceding Formulas.

. Small Units chosen for
Utility. Account. I determining Unit
etter, i :
iXpenses.
Electric.........I | Power ........ O, p Kilowatt hour.
1I | Transmission and Trane-
formation .......o.oeeeenen t Kilowatt hour.
TI1 | Storage ..ocovvverevrvnnevnnnn, s Kilowatt hour.
IV | Distribution.........c..cuo... d Mile of line.
V | Consumption (Commer-
cial) v k Consumer.
VI | (Municipal Lighting).. n Street lamp.
| Commercial .......c..coennen. ¢ Consumer.
VII | General............. g Consumer,
VIIL | Undistributed .. u Consumer,
IN | All Other..ooovieniein.. i Kilowatt hour.
T I | Production .... p 1000 cubic feet.
IL | Distribution. . d Consumer.
III | Municipal CortractLight-
[ INZ i ni Street lamp.
IV | Commercial....c.ccooevvnninn. c Consumer.
V' | General s g Consumer.
VI  Undistributed ............... u Consumer.
VIL | ALOtheti...cmemnmpasssnes i 1000 cubic feet.
Water............ I | Pamping...vemenss e P 1000 gallons.
11 | DABERBUEIon covsvmmmsnia d Mile of mains.
LLL , Coopiiaseitl. oo c Consumer.
IV | General........... @ Consumer.
V' Undistributed .. u Consumer.
VL | Al Otherseeaasre i 1000 gallons.
Telephone.....1 | Central office (Traflic)... 0 Phone.
II | Wire plant (Transmis-
e w Mile of pole line,
111 | Substation, (Terminal)... 8 Phone.
IV | Commercial ..... et ¢ Phone.
V | General ..ooovnnaes g Phone,
VI | Undistributed u Phone.
VI | AN OHEr s i Phone.

359

C equals 6 consumers.

¢ equals $120 (Commercial expense) divided by 586 (total number of
consumers), or $0.205. )

g equals $672 (General expense) divided by 586, or $1.147.

u equals $46 (Undistributed expense) divided by 586, or $0.078.

W is the number of thousand gallons that the extension will consume
yearly and is estimated as 225 thousand gallons.
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f is one plus the percentage lost or otherwise unaccounted for. This
percentage is estimated as 8¢ and is equivalent to 372 gallons per
day per mile of pipe which is a fair value for new mains. Then
“f” equals 1.08.

p equals $4,862 (Pumping expense) divided by 191,245 (M gallons
pumped), or $0.0254.

i equals $4,985 (Depreciation) times 44 (utility minus the distribu-
tion system) and divided by 191,245, which is $0.0115. There were
no contingencies extraordinary reported.

Substituting in the formula,
R=0.085+(50x60.53x0.133 + (0.205 + 1. 147 +0.73)6 + (0.0254 +
0.0115)1.08x225,
R="55.25+8.06 +8.58+8.07="550.86.

Then the gross yearly revenues which must be received from
the proposed extension, if it is to be profitable, must be equal to
or be greater than $80.86.

All of the values used in the formula, except those noted as es-
timated, have been taken from the Fifth Annual Report of the
Railroad Commission of Wisconsin, Volume II, Part IV.

The gross yearly revenues from the extension may be estimated
from the data given at the beginning of the problem and from
the water rates in force on Dec. 1, 1912, The estimate is as fol-
lows:

Rental of one fire hydrant......coeecemimemiieieias crieniiine, $50.00
Three six-room dwelling houses at $6. 18.00
Two geven-room dwelling houses at $6.50 15.00

One ten-room dwelling house including water closet
and Tawn SPENEIRE oo s enpysress 18.00
Total yearly revenues......ccvveiiiniereianriainiianenenns s 09.00

A comparison of the estimated revenues and expenses of this
extension shows that it would be profitable and should be built.

The following table shows all of the main expense accounts (ex-
pressed as a percentage of the total direct operating expenses)
of the four different kinds and classes of public utilities in Wis-
consin. The kinds of public utilities included in the table are
eleetrie, gas, water, and telephone utilities. Such expenses as
depreciation, taxes and contingencies extraordinary are not in-
cluded.

This table is included so that an idea may be had as to the rela-
tive importance of the various direct operating expenses of these
different kinds and classes of Wisconsin utilities. These aver-
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ages should not be used in estimating the expenses of any ex-
tension whenever it is possible to obtain the exact amounts
chargeable to the different main expense accounts. TIf it is im-
possible to obtain such amounts, then the total direet operating
expenses of the ufility may be apportioned according to the
average percentages.

TABLE IIL

Per Cent of Total Direct Operating IExpenses of Public Utilities of Wiscon-
sin.  Flectrie Ulilities
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Telephone Utilities.

2 <

< - 2

£ s = & =

2 = 2 s . =

Class. = 5 = e = =

= @ 7 = 3] =

=] 8] & =4 o z

] En = = L] e

[ 2 = 7] < [4o] —

A aud B Bell...oon.ooe. 37.2 0.7 25.2 14.8 0.4 3.7
A and B Independent | 43.9 20.4 9.9 7.9 12.7 5.2
A and B Average,..... 40.55 15.05 17.55 11.35 11.05 4 45
C G | 42,9 19.1 13.2 3.2 17:2 4.4
' [ ——— . 20.5 5.5 5.3 15.8 6.0

Nori— All data for Classes A and B are averages for two or three years
while the data for Classes C and D are for one year only.

All of the information in the table was obtained fro.n the Fifth Annual
Report of the Railroad Commission of Wisconsin, Volume II, Part IV.

In each of the suggested formulas there oceurs the small let-
ter “‘i’? which represents a yearly unit expense due to deprecia-
tion, taxes and contingencies extraordinary for the whole plant
minus the distribution system. Now it is doubtful whether or not
this term (i) should be included in any of the formulas hecause,
firstly, the old consumers of the utility are already paying these
expenses and, secondly, it is probable that, during the next few
years, new consumers will be secured for the new extension and
thus increase the revenues derived from it. Ilowever, if this
term is included in any formula it usually will not inerease the
estimated expenses more than three or four percent.

In applying any formula, it will usually be found that the ex-
tension construction term will be the largest and most important
term in the formula and, consequently, the estimate of the cost
of construction of the proposed extension should be accurate.
Such an estimate can be made if a careful and detailed study is
made of the particular extension in question.

These formulas are suggested for use in estimating the yearly
expenses of distribution system extensions of all classes of public
utilities and it is thought that, when properly used, they will
cive estimates which will be accurate enough for practical pur-
poses.  However, in estimating the yearly expenses for distribu-
tion system extensions for Class A utilities, it is possible to de-
velope formulas which will give more accurate estimates because
the annual reports of this class of utilities will permit of a more
detailed analysis of the expense accounts than will the annual
reports of the other classes of utilities.
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A STUDY OF THE ELIMINATION OF PITANTOM LIGHTS
FROM SEMAPHORE ROUNDELS, A REVIEW OF
THESIS OF W. K. FITCH AND 8. 8. GREGORY JR,,
BOTH M. E. 1913.

Joux G. D. Mack,

In Vol. 17 No. 3 (December, 1912) of the WiscoNsIN ENGINEER
the writer presented a general discussion of the electriec are head-
light for locomotives, giving a statement of the arguments for
and against its use.

In the brief against the are headlight charge (d) is as follows:

““The electric arc headlight may indicate a false or
phantom light when the light behind the roundel is ex-
finguished, and in some cases a green or other eslored
phantom has been observed when a light was burning
behind a red roundel.”’

For the reasons given in the article above noted, the writer
believes that the danger from these phantom lights is in itself
largely a phantom.

However, on account of the rather wide spread belief in the
danger of these false indications, an investigation of possible
methods of elimination of the phantom lights was proposed,
which was taken as a thesis subject by Messrs. W. K. Fiteh and
S. 8. Gregory, Jr., both M. E. 1913. TFollowing is an abstract of
this investigation:

Some form of locomotive headlight hecame necessary as soon
as trains were required to be run at night due to the increasing
demands of service. The first headlight was in the form of a
fire basket, being in front of the engine. This was soon displaced
by an oil lamp to which a reflector was added by the Boston and
Worcester Railroad in 1840. This form is still in extensive use.
The electric arc headlight was applied commercially to locomo-
tives about twenty-five years ago and has heen the cause of much
controversy, one of the points of diseussion, as noted above, he-
ing the subject of this investieation,

The principal apparatus employed in the investigation con-
sisted of an are headlight and turbo-generator loaned by the Pyle
National Electric Headlight Co. and a semaphore spectacle cast-
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ing, roundels, lamps, ete., loaned by the C. & N. W. and C., M. &
St. P. Railways.

The investigation was carried out on a level shore stretch along
Lake Mendota on the University grounds. The headlight was
placed on a platform in the rear of the hydraulie laboratory and
the spectacle casting set on a pole at a distance of 345.5 feet from
the headlight, the axis of the spectacle casting being 21 feet
above the axis of the headlight.

A window of the hydraulic laboratory served as an upper ob-
servation station, giving a vertical range of view more or less
than 20 feet above the axis of the headlight.

In these tests the principle of ‘““maximum conditions’” was
adhered to, that is the apparatus was adjusted to produce the
brightest possible phantom, so that if the phantom were exor-
cised under these conditions, it would certainly disappear under
less favorable conditions for its existence.

TFirst run: Green roundel set in vertical plane, no lamp behind
it. Result—dim white phantom from lower station (beside head-
light) brilliant white phantom from upper station. On moving
the upper edge of the roundel 14 inch toward the headlight a
brilliant white phantom was observed from the lower station,
thus giving condition for maximum phantom, that is, direct re-
flection. The same tests with like results were made with red
roundel.

With roundels set for maximum phantom the result was sub-
stantially the same when the lamp was burning behind the roun-
del.

Second run: Experiments of first run repeated and checked.
Red and green roundels, each of which had one surface sand
blasted were then tried. The rough surface was tried facing, and
away from the headlight.

The sand blasted surface when toward the headlight abso-
lutely dispelled the phantom, but when the roundel was reversed,
the phantom appeared in full intensity indicating the prinecipal
reflection is from the front surface. The sand blasting reduced
the intensity of light from the lamp hehind it, an amount esti-
mated at fifty percent. No experiments were made however, on
the distance of visibility of the light thru the sand blasted sur-
face.
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With the rough surface of the roundel toward the headlight,
it was found that wetting this surface caused the phantom to ap-
pear in full brillianey.

Third run: In this run a determination was made, with the
materials available, of the limiting degree of fineness in the
roughing or corrugations of the roundel which would allow the
phantom to be restored by wetting the surface.

The glasses used were as follows:

No. 1. ““Imperial Plate Ornamental Glass’’, one smooth sur-
face, one surface in small pyramids about 14" square and 1/32”
deep.

No. 2. “‘Luxifer Glass’’, one smooth surface, one surface cor-
rugated to form equilateral triangles 3/16” altitude.

No. 3. Bame as No. 2 except triangles about one third size of
those on No. 2. These glasses were dyed red and green on one
side with ‘‘Standard Glass Stain’’.

No. 1 with colored rough side to headlight showed no phantom
wet or dry, but a rather poor red light with semaphore lamp
lighted behind it. The light had an orange tinge, due possibly
to the coloring being rubbed off slightly on the vertices of the
pyramids.

The same glass colored green on smooth side gave no indica-
tion of phantom wet or dry, the rough side being toward head-
light.

Glass No. 2 gave similar results but No. 3 showed a weak
phantom when dry and a brilliant reflection when wet showing
that the corrugations of No. 3 were too fine.

An 8-inch chemieal ““watch glass’” was tried as a roundel with
the convex side toward the headlight which gave a bright phan-
tom of small diameter,

Conclusions.—The sand blasting of the front surface is not
effective in removing the phantom as wetting of the surface
canses its reappearance.

The size of corrugations to prevent a phantom when the sur-
face is wet lies between 1/32 and 3/16 inch.

The various roughened surfaces tested reduced the intensity
about 50 per cent, but it is suggested that this defect may be
largely removed by a special roundel containing concentric cor-
rugations on the front surface so formed as to concentrate the
beam.
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In making the observations five observers were used on ecach
experiment in order to obtain average values and to eliminate
possible eye defects of a single observer.

The thesis gives a record of the data taken by each observer,
sketeh of the arrangement of the apparatus and photographs of
the varicus parts.

Additional note by reviewer. In the past year developments
in headlight work have been proceeding quite rapidly along two
lines.

1. The use of high power metal filament lamps in place of the
are. A few months ago an extensive series of experiments was
carried on with these lights and are lights by the Railroad Com-
mission of Nevada under direction of Professor J. G. Scrugham,
Professor of Mechanical Engineering, [University of Nevada,
who informs me that incandescent lights were highly successful
both as to penetration and reduction of the ‘‘dazzling’ charac-
teristics of the arc.

2. The use of a vellow color sereen of ““No Glare’ glass in
front of the head-light as described to me recently by Dr. Nelson
M. Black of Milwaukee. This sereen reduces the total illumina-
tion as compared with ordinary clear glass only about 15 per
cent. It absorbs all the ultra violet beyond the visible spectrum,
all the violet of the visible spectrum and a large portion of the
blue. These ravs are the glare producing factors in an illumi-
nant and also interfere with distant vision when refracted, dif-
fracted and diffused by the various media in the atmosphere.

The remaining colors, green, yellow, orange and red, are trans-

mitted with slight reduetion in infensity.
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THE IMPROVEMENT OF EARTII ROADS.
D. P. Darg, C. L.

ITow to improve our earth roads is a great and pressing prob-
lem, and one with which we will have to deal for many years to
come. More than eighty percent of all the highways in this
country are unsurfaced dirt roads, improved very slightly or not
at all. A realization of the great usefulness of a system of first-
class rural roads has begun to dawn upon us, and the work of
development is bound to follow. This article undertakes to set
forth some of the principles which should govern, and to describe
a method whereby the engineering work incident to such im-
provement can be expeditiously done.

There are in the United States some 2,200,000 miles of public
highways; of these about 300,000 miles are hard-surfaced. It is
probably safe to say that not five percent of the remaining
1,900,000 miles of earth roads are in satisfactory condition.
When we consider the fact that almost the entire output of farm
and forest must first be transported over country roads, their
importance becomes evident,

The problem is receiving more attention from engineers and
publicists. The road congresses are discussing it; the State high-
way departments exist almost entirely for the sake of the rural
roads; the advocates of interstate and transcontinental road sys-
tems are assigning as main reasons for their projects the fact
that such systems are hound to be powerfully suggestive of a
comprehensive scheme of good rural roads the country cver,

With the solution of the roads problem there is necessarily
involved a more or less complete solution of other diffieult prob-
lems; rural education, the hardships of country life, the high
cost of living. That the cost of transportation forms a consid-
erable part of the total cost of commodities, and that the oppor-
tunities for social intercourse among the people depend largely
upon the efficiency of the highways, were facts probably clear in
the mind of Secretary Houston when he made the following
statement at the Detroit Roads Congress regarding Federal aid:
““The primary undertaking should be to improve those commun-
ity roads which are essential for the marketing of produets, and
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for the betterment of the physical, intellectual, and social side
ol rural life.”’

The present condition of American rural roads can in truth be
called hardly less than barbarous. It is asserted that in hardly
any KEuropean country does the quality of hard pavements aver-
age better than in America; it is also probably true that in no
Kuropean country does the quality of rural roads average so
low as in America. An estimate shows that it costs more to haul
a bale of cotton over twelve miles of ordinary southern rural
road than to transport it by steamship from New York to Liver-
pool.

Since earth roads form a large and very useful part of our
system of highways, we all suffer on account of their present
backward condition, whether we realize the fact or not. Since
their value is now but slightly developed, and in the future will
probably be highly developed, the services of a considerable num-
ber of engineers will be required. For these reasons we are in-
terested in the question.

Earth roads are a problem in maintenance rather than con-
struction. A brick or asphalt pavement well designed and built
will last several vears under heavy traffic with very occasional
maintenance, but a new earth road will go to pieces in a year un-
less maintained. It is a commonplace to say that an earth road
is never built but always building, and requires constant and
conscientious care to be made to operate efficiently. Neverthe-
less, these roads must sometimes be built or rebuilt; in the pro-
cess surveys must be made, and volumes of earthwork measured.
The method herein later described has been found well adapted
to the purpose where it was evolved and used, in northern Miss-
issippi.

The improvement of the road is the final object and the sole ob-
jeet for which the surveys are made. Let us consider the de-
sired finished eondition of the improvement, and note what the
characteristics of a good earth road are.

The purpose of a highway is to afford rapid and easy travel.
The slopes should be not too steep nor too many; bends should
be few and gradual; the surface should he even, hard, and
smooth. Good grades, good alignment, and good surface, are
the fundamental requirements of a good earth road. Our aim,
then, is to replace the existing inferior ways by a system of high-
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ways satisfactory in these respects, and that at the least possible
cost,

A factory-made article should be correct in design, material,
workmanship, and finish. Good design for roads involves the
proper placing of the center line on the ground, the selection of
the appropriate cross-sections for the various conditions, the de-
termination of economical grades, and the designation of the
necessary drainage and other structures., Good workmanship
requires the rejection of inferior material and the best use of the
available materials, the careful location and construction of the
structures, and skill in the observance of good design through-
out. Debris having heen removed, a sufficiently pleasing appear-
ance will be secured when these requirements are fulfilled.

Road-building is a science. Certain principles must be ob-
served if success is to follow. It is also an art, and presents
many opportunities for the exercise of individual judgment.

The ‘“economic theory of location’” applies also to earth roads.
Many of the existing thoroughfares were located by the hap-
hazard method; they grew from old Indian trails, were impro-
vised for army. transportation, were located arbitrarily on sec-
tion or other land lines, or were otherwise badly placed. Some-
times it is possible, by relocating a stretch of road, to effect a
considerable saving of distance between important points, to het-
ter serve the mass of population, to eliminate bad hills, to reduce
the number of bridges and culverts necessary, or to plan a road
less expensive to build and maintain. Tt is the business of the
engineer to decide in each particular case whether sufficient ad-
vantages accrue from a relocation to justify it.

When the roads in a given area are to he improved, the rela-
tive importance of each should be determined with more or less
exactness. A map giving a general view of the area served and
traversed is very useful. Account should be taken of the amount,
character, and direction of traffic; the distribution of popula-
tion and of taxable values; cooperation with neighboring or
larger systems; relative topographic and geologic conditions;
and custom,

Reduction of grades is an important object, since it reduces
the heights to which loads must be raised in passing over the
road, and therefore lessens the wear and tear on harness, ani-
mals, vehicles, and men. A maximum grade of five percent on
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first-class roads, and of seven percent on second class, are com-
mon. These limits must sometimes be exceeded, however, as on
long steep hills. In such cases, by using a narrower section at
the top of the hill, an increased reduction in grade without an
ncrease in yardage, can be accomplished. Usually it does not
pay to reduce grades already as low as four or five percent; on
the other hand, it is sometimes desirable to increase a very flat
slope, since a level roadway will not drain as well as one with
some longitudinal fall.
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Typical sections for first and second cluss roads on sandy clay soil.
The crown is formed by two straight lines joined by a short arc.

Alignment is a much simpler matter than on railroad work.
Tt is neither necessary nor desirable to record the exact lengths
of curves and tangents, mark the points of intersection, or com-
pute the grades, The tendeney is to go into these points in too
great detail ; the aceuracy which is necessary and proper in rail-
road work, if practiced here, would entail a disproportionate or
prohibitive cost; it is therefore not permissible. Accuracy in
the measurement of earthwork volumes is of course just as nee-
essary here as elsewhere.

The cross-section to be used depends upon the road material,
rainfall conditions, the legal width of right-of-way, the longi-
tudinal grade, and the amount of the appropriation. A draw-
ing showing a number of model sections, each adapted to a given
set of conditions, and showing all details as to crown, ditches,
shoulders, ete., is a useful means of educating the contractor as
to the purposes of the engineer. The contractor can learn more
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about a section which he has never seen from a scale drawing
than from ever so clear a specification. Fach section, if desig-
nated by a symbol, can be called for on the profile.

Drainage is by far the most important consideration in the
management of roads, at every step from location to mainten-
ance, In mnearly all cases of bad roads, the cause is defective
drainage. No road can long remain good if water stands upon
or near it; on the other hand, almost any soil, if dry and com-
pact, makes an excellent road surface. In support of the latter
statement, the fact may be cited that during favorable seasons,
some of the splendid stone roads of New York State are aban-
doned hy the traffic in favor of parallel earth drives. There are
three systems to be provided; surface, subsoil, and eross drain-
age.

Surface drainage is accomplished by having the crown of the
road act as a roof, whereby the rainwater is shed freely and
quickly to the side ditches; and by having the side ditches of
proper capacity, slope, and outfall, to get final rid of the water
as expeditiously as possible. The purpose of subsoil drainage is
to keep the foundation dry; it is effected hy having the side
ditches of sufficient depth; by tile drains laid below and parallel
to the side ditches; and by stone or tile outlets laid transversely
to the center line at proper intervals. In seepy ground, or where
there is a spring in the road, a few tile properly laid, will, by
preventing access of water to the foundation, remedy the trouble
more effectively than any amount of top dressing. Ordinarily,
however, the level of saturation in the foundation soil can be
adequately lowered by maintaining the side ditches at the proper
depth.  On long hills, especially steep ones, outlets should be
provided for the side ditches at intervals of 200 feet or so, other-
wise the accumulating volume of water will soon make a bad
gully at the bottom of the hill.

Highway bridges and culverts are a study by themselves. Ex-
perience has shown that the more permanent these structures
are, the cheaper they are in the long run. Culverts should al-
ways have sufficient area for the passage of the ordinary maxi-
mum stream flow, and should be strong enough to withstand
safely the loads to which they will be subjected. The stream
should be straight for some distanee above the point where it en-
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ters the culvert, and should leave without washing the founda-
tions,

The surveys should enable the engineer to issue instructions
for putting the road in the desired condition, in as efficient a
manner as possible; they should also provide an accurate meas-
ure of the earthwork moved, in order that the contractor may
be paid on a legal and equitable basis. Under the scheme here
described, three surveys are necessary; thy may be called the
reconnaissance, the location, and the final.

The Reconnaissance.  Wirst of all an inspection of the terri-
tory served and traversed by the road or system of roads should
be made by the engineer as a part of his study of general con-
ditions. There are to be noted the main features concerning
drainage, topography, soil, and special conditions. This survey
may well be done on horseback, in company with the local road
official and perhaps interested property owners. They can sup-
ply facts which it is very useful to know—~{acts regarding places
troublesome in rainy seasons, the location of road materials, the
topography of neighboring territory, the distribution of popu-
lation, traffic conditions, ete. To supply such facts is the most
important service which these people can render to the engineer-
ing party, although some of them are not so aware. This survey
and a study of the general map should determine the relative
importance of the various roads, and should enable a classifica-
tion to be made; it should decide what major relocations if any
are necessary.

The Location. The purpose of this survey is to take data
which will enable a rational plan to he worked out in the office.
Levels for profile and cross sections. are taken ; stakes are set which
indicate only the stationing. Notes are taken in detail as to the
size and direction of flow of streams, existing and recommended
drainage structures, soil, and special difficulties. The data thud
secured forms the basis of the instructions issued to the con-
tractor for his guidance; these instructions should be sufficient
for his guidance,

The Final Survey. The profile is rerun, and sections are taken
at the same points as previously. Note is made of the state of
the work; if not complete or poorly done, a percentage is esti-
mated. An inspection is made of all eulverts and small bridges.
If there is anything to prevent final acceptance of the contrac-
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tor’s work, an entry is made deseribing what and where it 1s.
With this data the contractor’s monthly estimate, based on unit
prices, can be made out.

The principal diffieulty, in the writer’s experience, was to
work out the problems incident to the location. In these sur-
veys, the necessity for rapidity is extraordinary. In the first
place the guantities run lower than on railroad work, since the
requirements as to grade and alignment are much less exacting.
The cost of a survey is not materially reduced by a reduction of
the quantities; it costs appreciably no less to measure a cut one
foot deep than one two feet deep. The permissible cost of en-
gineering can hardly run above four or five percent of the total
cost of the improvement. The handicap of small quantities is
obvious.

Second, the measurement is more difficult than on railroad
surveys. On account of the greater complexity of the transverse
contour both before and after the work is done, many more read-
ings have to be taken. Three points will ordinarily describe the
surface of the ground on railroad location; seven are necessary
in the simple case on a highway survey, one at the center, one at
each shoulder, and one each at the hottom and the outside edge
of each diteh. On some roads, eleven-point sections are fre-
quently necessary; and owing to the greater irregularity, sec-
tions must be taken at shorter intervals. Conditions in this re-
gard are probably more favorable however over the country gen-
erally than in the South, where the annual rainfall is 50 inches
or more, and where the roads are very old and deep.

The special problem then is to provide a rapid and accurate
measure of the earthwork, where the sections are very irregular,
generally of small area, and short distances apart.

In general, three sets of drawings are necessary to outline the
complete plan for a highway improvement; a map, a longitudi-
nal profile, and transverse profiles. Of these, the last-named are
by far the most important. On low-grade improvements, the
map can be entirely dispensed with; even the longitudinal pro-
file need not always be provided. After the contractor becomes
accustomed to the methods of the engineer, it can be drawn to a
smaller scale, and provided only for the hilly regions. What is
necessary is a set of aceurate eross sections, of proper and known
distance apart, and of easy reference to the physical road. To
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get these is the main purpose of the location survey; its organ-
ization to that end will now be described.

The instruments to be used are:

1 Engineer’s level 2 Plumb bobs

1 Level rod 12 Chaining pins

1 Turning point 1 Light ax

1 100" steel tape 120 Stakes per mile
1 50 steel tape Kiel, 10-d nails

The party consists of three men: one who acts as levelman
and head chainman, in charge; one who serves as rodman and
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stakeman ; a third who acts as rear chainman and teamster. It
is necessary to have a horse and wagon to carry the stakes, the
instruments, the lunch, extra clothing, ete., and to provide trans-
portation to and from work. It pays to use good stakes. Pine
slabs %4 inch x 114 inch x 16 inch are about right.

Procedure is as follows: First, a distance of one or two thou-
sand feet is chained off, station stakes being set on the left-hand
side of the road at the points seleeted by the head chainman.
Ordinarily these are at 100" intervals, but they are also necessary
wherever there is an appreciable change in the slope of the cen-
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ter line, or a variation in the nature of the cross-section. The
head chainman sticks a pin at the initial point of the run, and
taking the zero end of the tape goes forward, applying it sue-
cessively, and sticking his pins by the usual method at station
points. Ile also carries the stakes, and marks them. The stake-
man, after receiving a stake, drives it somewhere on a line at
right angles to the center line of the road, well out of the way,
preferably at the fence. Tt is his duty to have the stake prop-
erly driven and be on hand by the time the next stake is marked.
The rear chainman is responsible for correct reading of the plus;
he also checks the stationing as recorded on the driven stakes.

At the end of a run, the last pin is left stuck to mark a new
starting point. The tape is then swung aside out of the way of
passing vehicles, and the party returns to the zero of the run.

The position of stakeman is more important than that of rear
chainman. Reading the tape and collecting and counting the
pins are routine duties; it requires more diserimination to set
stakes properly under all the conditions which oceur. The duties
of the stakeman also involve more physical activity than those
of the tapeman. Kxperience has shown that, other things being
equal, a job requiring more physical energy requires also more
nervous energy, and that the man of higher intelligence shows
more speed and endurance. It is good policy therefore to ap-
point the more competent of the two assistants as stakeman.

Ten stations can thus be marked off in ten minutes ordinarily.
The next step is to take data for a cross-section at each point
where a stake has been set.

While the chief of party is setting up the level in position to
command a full transverse view of the road at as many points
as possible, the rodman, (formerly stakeman) drives the wagon
ahead. Meantime the tapeman prepares a bag of “‘rough’”
stakes, and accouters himself with the light ax, the 50’ steel tape,
nails, and the extra chaining pin, which he thrusts through the
ring in the end of the tape. A bench mark established, teamwork
hegins.

The tapeman drives his pin in the ground at the station stake,
and stretches the tape normally across the road, maintaining it
horizontal as nearly as practicable. Before leaving, he drives a
rough stake, or chips the bark of a tree, on line, to establish a
second point on the trace of the section. As a legal precaution,
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this is always done. The rodman meantime, starting at the stake,
gives a rod reading at determining points in the section, calling
out at each observation the corresponding tape reading. The
rodman has considerable opportunity for the exercise of judg-
ment in the selection of these points; as in the case of the longi-
tudinal profile, they should be taken at the points where the
slope changes, so that a series of straight lines joining them will
represent pretty accurately the contour. Data is taken over a
section wider than the existing road, in order to provide for a
possible shifting of the center line. At each observation the rod-
man is released by signal as soon as the reading is taken; the
levelman records the two readings while he moves to the next
point. When the rodman gives a reading at the center of the
road or at the point he selects as representing the typical eleva-
tion of the road at that station, he makes a special signal, in or-
der that the levelman can designate and use this reading as one
point on the longitudinal profile. The rodman also has a dis-
tinctive signal to indicate when the last reading on a section is
taken; when this is given, the levelman employs his time com-
~ puting elevations, checking foresights against backsights, or tak-
ing notes, while the other two are winding up, moving on, and
getting set at the next point.

‘When the range of one setup is covered, a turn is taken in the
ordinary way. Time will be saved by making the setups so that
rod readings can be had on the full cross-section at every stake
up to and for some distance ahead of the instrument.

Bench-marks are set about 500’ apart. A nail driven hori-
zontally into a tree or substantial post about a foot above the
ground, opposite a stake, makes a mark easily set, easily de-
seribed, easily found, easily sighted, stable, and not apt to be
destroyed.

Forty-five minutes will usually suffice to take the levels over
a thousand feet. Under favorable conditions and after some
practice the field work for two miles can be done in one day, and
an average of one and one-half miles per day be maintained.

In the level book, notes are kept on the left-hand page as in
ordinary profile leveling. In the right-hand page are kept mis-
cellaneous notes and data of sections. The rod reading is re-
corded first, and in each case is written above the corresponding
tape reading. The center-line reading, if a point is on the trans-
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verse profile, is sometime transferred to the ‘IS’ eolumn on the
opposite page. The illustrations show a sample page of notes
and a portion of the profile, and some sections made from the
data there shown.

Ordinarily no slope stakes arve set for the contractor; all nec-
essary information is given him on paper. In the office the long-
itudinal profile is plotted on a roll of paper ten inches wide, to
a scale of 1"=200" longitudinally, and 1"==15" vertically. By
this, taken in connection with other data, the engineer works out
his disposition of material, taking care to provide for only one
Lhandling, and shows the proposed grade line. Ilere are also
shown the size and location of new culverts, bridges, and drains,
instructions as to the direction of haul, and general notes.

All cuts, but not all fills, are shown. The reason for this prac-
tice is as follows : specifications almost uniformly read that earth-
work is to be measured and paid for in excavation only, exeept,
perhaps, where borrowed. It is interesting and instructive to
measure the volume ot a fill for the sake of comparing it with the
volume of the cut from which the material was excavated, but to
do so is not necessary. Our chief concern with the fills is to
know that they have merely a satisfactory height, grade, and
{ransverse contour, that they are built of sound material, and
have ample berms. Owing to the nature of the cross-sections,
extremely irregular and constantly changing, it would be an in-
terminable task to determine the finished surface of the fills re-
sulting from the euts. The contractor has no special difficulty in
making the fills at the proper places. In cases where the desired
disposition of material is not the easiest or most obvious way,
specifie directions are given on the profile.

In halancing cut and fill quantities, the appearance of the
profile is often deceptive, the areas above and below the grade
line hearing no necessary mutual relation. On most of the work
there is neither waste nor borrow; allowing for growth and
shrinkage, the volume of excavation will then be equal to the
volume of embankment. Now the cuts are at the tops of the hills,
where the roadway is usually narrow, and has high steep banks.
A considerable portion of the material excavated comes from cut-
ting back these banks. Where such material is used to make a
fill, the area below the grade line will be in excess of that above.
The opposite condition occurs where the width of the road on
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the hill is nearly standard, and there is an adjacent gully to fill.
The engineer has to determine by trial the cut necessary to ef-
fect a given grade reduction, provide material for a fill across an
adjacent valley, or plug a washout. The cross-sectional data is
of use for this purpose.

A considerable yardage may be involved however without any
effect on the profile, as for example where the road is narrow and
nearly level, and has a high bank on one side and the brink of
a gully on the other. The usual remedy is to shift the center
line toward the bank, cut back the wall, and throw the material
over the precipice until the requisite width is attained. The
phenomenon of the road being a ten-foot ledge on the side of a
gulch twenty feet deep and fifty feet wide, is not uncommon in
many parts of the South,

The transverse profiles are plotted on squared paper to a scale
of 14"=1"-0". The section can be most easily shown by taking
the origin of coordinates in the upper left-hand corner and plot-
ting rod readings down from the HI, instead of elevations up
from the datum. The engineer has templates representing the
model sections; he selects in each case the appropriate one, and
draws in proper position the profile of his proposed finished sec-
tion. By means of a planimeter the included area is quickly
obtained, and a check can be made. A print is made, and fur-
nished to the contractor; by it he can tell what cut or fill to make
in every point in the section. With paper ruled in 14" squares,
the problem of reading the drawing is simple; he can tell when
he has the section in the required condition, and he learns to
malke the road quite acceptably.

‘When an examination shows that the road is built as called
for, or when the section as built is drawn on and the new area
found, it remains to compute the yardage. With the areas at
each end of the prism given, the quantities can he easily taken
from a table, or be computed.

The appended table has been found very useful for this pur-
pose. Tt is used as follows: Take the sum of the end areas of a
prism 100" long, expressed in square feet to the nearest tenth:
find the integral part of this number in the main hody of the
table in some column on the left; read the cubic vards in hun-
dreds at the top of that column. Take the column on the right
headed by the fractional part of the sum of the end areas, follow
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it down until in the same line as where the integral part is; there
will be found the remaining part of the required quantity. Add
the two to get the yardage in the prism.

For example, suppose the sum of the end areas is 128.3 square
feet, for a prism 100" long. 128 is found in the column headed
by 2; there are therefore 200 and some yards in the prism. Qa
the same level, in the column headed by .3, is found the number
37.6; the total volume is therefore 237.6 cubie yards, as can be
shown:

128.3 x 100

D DRT.6
2x27

This table necessarily neglects the prismoidal correction. It
gives the same result whatever be the difference in end areas.

Good roads are bound to come. Not having them, we are
nevertheless paying for them, several times over cach vear as
some say, in the increased cost of transportation and the loss of
tremendous social and economic advantages. It is in the hope
that the discussion here presented will eontribute toward an ac-
complishment of the great possibilities of good earth roads that
this article is written.
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EDITORTALS.

With this issue, another milestone in the life of the WisconsiN
ExciNgeEr will be passed. This fact leads us to reflect on the
statement made by a sister publication concerning the non-ne-
cessity of a student technical journal. We know that the En-
GINEER is edited by men who are not experts, and whose hair is
not tinged with the gray of two score and ten years; vet we feel
that the ExciNgEr is a factor which holds the engineering stud-
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ent body together, and also keeps the alumni in touch with their
alma mater. The men that run the magazine have the interest
of the engincering college at heart, and hence feel that if their
work on this journal will in any way aid Wisconsin, their effort
has been well expended.

In writing this last cditorial, we realize that we are saying
farewell to the many friends that knew us only through the med-
ium of this publication. To the loyal alumni who have the in-
terest of their college so much at heart, we surely extend a hand
of most cordial appreciation. You, Alumni, are the men who
have helped Wisconsin in many ways. You are the men who
have made good, and because of your suecess our college is
stamped as an excellent school ; you are the men whose paths we
have endeavored to follow, whose qualities we have tried to emu-
late, and whose fellow workers we hope soon to be. As we leave
this University and follow you on the road of active lite, we trust
that our actions may not be such that will make you ashamed ;
but that our success. like yours, will add honor to our Alma
Mater.

For those who have opposed our policies we hold the greatest
respect.  We feel that you also cherished the same ideals but
hoped to aceomplish them by a different method. Our hope is
that no matter what method be used, the ideal may be attained.

To the underclassmen we extend our heartiest good wishes.
You have met us in the rush and on the athletic field, and will
soon crowd into the places which we held as seniors. We hope
we have given you a comaradie that was not only pleasant, but
constructive, and that you will find that your association with
us has done you good.

A few days more, fellow classmen, and we will be separated—
many of us never to visit the old haunts together again. How
we will oceasionally long for the familiar voices that so heartily
cussed the heavy lessons some good old ““prof’’ handed out.
How we will miss the association with those men on the faculty
whom we first feared and then learned to respect so much. We
will soon see what a power they have been in moulding our per-
spective, and how often we will long for a word of kindly ad-
vice. 'We have had our scraps, we have cussed our ‘‘lab’’ part-
ners, we have hissed at the ‘“‘Taws’; but as we leave, the only
feeling that goes with us will be one of affection for the dear old
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school that has done us so much good. We may have to ‘‘rough
it”’ on the mountain side, run levels through a desert, or drive
dagos in the ditel; but the thought of the fellowship of our col-
lege days will have a mellowing influence upon us, and we will
endeavor to act as men that have cultivated a large part of their
possibilities. 'We will be better able to appreciate the lovely,
even though our technical occupation requires us to work among
unlovely surroundings; and while we may have to work amid the
unbeautiful, the faet that we have once had a glimpse of intel-
lectual beauty, will make us add beauty to our work. As we
leave each other, we go out with high hopes, trusting that our
endeavor will be of such quality that we may have much joy
and few regrets.

At the end of this semester Alexander (raham Christie, Asso-
ciate Professor of Mechanical Engineering, leaves this univer-
sity to take a similar position in the newly established College of
Engineering at Johns Hopkins University. Prof. Christie is a
graduate of the University of Toronto, and after teaching at
Cornell for a short time, he came to Wisconsin in 1909, where he
has been engaged in the Steam & Gas Department. It is with
great regret, indeed, that the students of this department hear
of his departure. As a recognition of the excellent work that
Prof. Christie has done for Wisconsin, the Tau Beta Pi Chapter
of this University eleeted him an honorary member this spring.

Prof. Christie expects that his work at Johns Iopkins for the
first part of the year will consist largely in the organization of
the laboratory and in the supervision of the apparatus installa-
tion. While the equipment may mnot be as large at first, as at
other schools; it has been planned to get those of the most mod-
ern design and typical of best engineering practice. We add
the sincere hope that Prof. Christie will meet with success and
happiness in his new position.
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EDITORAL NOTE.

Owing to an oversight the following proot-sheet corrections
were not made in the article on ‘““Bazin's Investigations of the
Flow of Water Ouver Submerged, Sharp-crested Weirs’ of the
April issue.

P. 321, 1l. 14-15: —downstream head, h), to the upstream head, h,

5 L D R O wotk i SABsanresTRR
P. 322, 11, 32-33:—, m increasing slowly with h so long as the down-
stream water-level did not fall below hy = — 0.05p
.I,ﬂ
Pos24 L3i— —
h
p
“ L4i— —
h
¥ L BB e s 5 dial A0R PATEE & wuvwm v vnrns e v soos
P. 325, formula (3):—-m = 1.06 m’ [1 + 1 ( ]
P.325, 1, 27:—. .. ....... datadonot ...

P.o32F, L 5i—. il have been collected . ... . ... ... ... ... ...
P27k Tierosmmmanns navigation or flood flow purposes ................

The translation of Bazin’s material on submerged weirs re-
ferred to in this artiele will be of especial interest to engineers
who are connected with flood prevention or turbine testing where
head cannot be sacrificed as well as to investigators in this field.
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What Counts

Ball Bearing; Long Wearing

The L. C. Smith & Bros. typewriter is built on the
principle of service. It is more efficient than any other
typewriter because it will run easier, longer and give bet-
ter results.  One of the many reasons for this is the fact
that there are ball bearings at all points where motion is
frequent--the typebar joints, the carriage runway and the

capital letter shift. There are many other reasons.

Send for free book.

L. C. Smith & Bros. Typewriter Co.

Syracuse, N. Y.

Milwaukee Branch, 413 Milwaukee St.
Madison Branch, 12 S. Carroll St.

Kindly mention The Wisconsin Engineer when you write.
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Ruskin said

“A thing 1s worth precisely what it can
do for you, not what you choose to pay
for it.” That is one reason why Atlas
Portland Cement has for many years
been the acknowledged standard of qual-
ity in the industry.

The Atlas Portland Cement Co.
Dept. C. 30 Broad St.,, New York

Philadelphia Chicago Minneapolis

‘““The standard by which all other makes are measured.”’

Kindly mention The Wisconsin Engineer when you write.
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are stout and strong, made from thoroug
heavy oak-tanned soles, solid counters, d
stitching. No matter how hard on shoe 1
lasting service. These splendid work shoe
awkward or clumsy—don’t tire or cramp
yvour feet. They are built on honor, to
meet actual working conditions.

CAUTION Be sure to look for
the Mayer trademark on the sole.

We make Mayer Honorbilt Shoes in
all styles, for men, women and children;
also Drysox Wet Weather Shoes, Yerma
Cushion Shoes and Martha Washington
Comfort Shoes. 1f your Dealer
does nothandle them, write us.

Milwaukee, Wis.

\HONORBILT

L HONORBILT

Mayer Honorbilt Work Shoes are made for he hardest kind of use.
hly seasoned, extra durable leather, with

eather your work is, they will give you
s look well and fit well too—they are not

F. Mayer Boot & Shoe Co.

-

SHOES

They

ouble leather toes, and double rows of

i

Professional Cards

Clinton B. Stewart
Assoc, M. Am. Soc. E.  Mem. West Soc. Engrs.
Consulting Hydraulic Engineer
Water Power Water Supply Drainage

206 Wisconsin Bldg.,
[

DANIEL W. MEAD

CONSULTING
ENGINEER .

MADISON, WISCONSIN

Madison, Wis. |

ALVAN E. SMALL

ARCHITECT

ELLSWORTH BLOCK
MADISON WIS.

PHONES: OFFICE 242
RES. 2615

¢garl Chomas

Photographer
= e

Kindly mention The Wisconsin Engineer when you write.
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Parsons Printing and
Stationery Co.

Dane County Agents for the
American ($35.00) Adding Machine

24 N. Carroll St.

LET
THE PHOTOART HOUSE

be
YOUR MECCA

For Everything Photographic

Always a complete stock of everything worth while

THE PHOTOART HOUSE
Wm. J. Meuer, ’10 Preliden_t

212 State Street Telephone 22

THE PANTORIUM COMPANY

“The House of Quality”

In our elegant new quarters at 538 State, and with our many
new and modern machines, we are able to do the most satis-
factory cleaning, pressing and tailoring, We invite you to
call or send us a trial order. We are confident that once our
customer you will always be our customer,

We Deliver on Hangers

The Pantorium Company

Milk Ice Cream
Cream Butter
ZLilisch Pure Milk Co.
629 West Washington Ave. Telephone 979

Kindly mention The Wisconsin Engineer when you write.
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Past the Experimental Stage

When a Portland Cement has been made in the same mill
and from the same quarry for fifteen years; when it has
been used in work. of the greatest magnitude; when it has
been specified and used by engineers and architects of
world-wide reputation; when it has successfully stood every
quality test, it should be sufficient evidence that such a
Portland Cement can be depended upon, Such a brand is

eago AA ft

We have several interesting books, copies
of which may be obtained by addressing
Department 102. Weshall be glad to answer
inquiries concerning the different phases of
concrete construction,

Chicago Portland Cement Company
30 North La Salle St., Chicago, Ill.
J. U. C. McDaniel, Sales Manager

German and American Expert Knowledge and Methods
Combined Explain

The Superiority of Owl Cement

German-American Portland Cement Works
E. L. Cox, General Sales Agent )
Works La Salle, Il 930 Marquette Bldg., Chicago

Kindly mention The Wisconsin Engineer when you write.




Phone 1500 for
““Dan D”

to get your

Cleaning and Pressing

Cardinal Dye Works

623 University Ave. - - Madison, Wis.

MILLER
SIPHONS

for

Flushing Sewers
and

Sewage Disposal Controls

Pacific Flush Tank Co.

Chicago- - - - . - New York

MORGAN'S
Garom and Pocket Billiards

Brunswick Balke Collender Tables

Everything first class
Phone 1272 Student Headquarters

534 State Street

SPECIAL

COMMUTATION TICKETS
Good for Laundry or Dry Cleaning

WE AIM TO GIVE HIGHEST GRADE WORK.

3F Laundry Co.

B Phone 4000

Wisconsin Barber Shop
Stop in on your way up town or to school and get acquainted.
We will surely try and please you.

Otto F. Boucher, 716 University Ave.

SAMSON SPOT CORD

The spots on the cord are our registered trade mark

For sash cord, trolley cord, arc lamp cord, etc. We make extra quality solid
braided cord in all sizes and colors for all uses. Send for CATALOGUE,

SAMSON CORDACE WORKS

BOSTON, MASS.

Freshmen!

Ask one of the older students where the best restaurant in town 18

Charlie’s

We lead, the others follow, the fastest service, and the best food.

they will all tell you

Open till 7 P. M,

425 State

Kindly mention The Wisconsin Engincer when yor wrile.



b g HE complete confi-

dence of cement
users in UNIVERSAL is
emphasized by the fact
that more UNIVERSAL
was shipped in 1913
than any other brand—
10,382,883 barrels.

Universal Portland Cement Co.

Offices

CHICAGO . . . . 72 West Adams Street
PITTSBURGH . Frick Building
MINNEAPOLIS .

Plants at Chicago and Pittsburgh
ANNUAL OUTPUT 12,000,000 BARRELS
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