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The Oscillograph
The most useful and best known instrument for investigating all kinds

of complex electrical phenomena is the oscillograph.

It can be used as either an indicating or recording instrument to show

the wave form of any alternating current machine or circuit. It is espe-

cially useful for making photographic records of transient phenomena, such

as the operation of circuit breakers or oil switches under short circuit condi-

tions, or the operation of lightning arresters in discharging abnormal voltages-

Our laboratories have made important improvements in the oscillo-

graph and it has been found very useful in the development of new types

of apparatus and protective devices.

The General Electric Company is the onfy maker of this improved

oscillograph and every instrument is made and tested under the direct su-

pervision of our standardizing laboratory.

General Electric Company
Largest Electrical Manufacturer in the World 3820

General Office: Schenectady, N. Y. Sales Offices in Forty-eight Cities
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THE NEW ILLINOIS

H. VV. UNDERHILL, '13

Editor-in-Cliicf, The Tccliiiograph

It is not the purpose of this article to review the various

plans which have heen conceived for our campus development

but rather to sum up conditions as they are today and survey the

outlook for the future. From the time when Doctor Gregory and

Doctor Burrill hrst forecasted the future campus by laying out

Burrill Avenue and locating University Hall, down through

the various studies submitted by C H. Blackall, 'yy. State Ar-

chitect W. C. Zimmerman and others, the growth towards a com-

prehensive and adequate scheme for the future development

of our campus has been steady but rather erratic. At the present

time Prof. James M. White, Supervising Architect has charge of

the campus development and under his regime a feasible plan

has been worked out with more admirable features than would

seem possible considering the restrictions imposed by existing

conditions. It is this plan that the writer will discuss.

The plan provides for a future growth south of the present

South Campus to the Cemetery Grounds and west to the I. C.

tracks. Of this area the University now owns the 160 acres

between the auditorium and the cemetery and extending from Lin-

coln Avenue to P^ourth street. The portion east of Mathews

Avenue will he reserved for the outdoor laboratory work of the

departments of Horticulture and Agronomy and about thirty acres

between the line of Sixth Street extended and Fourth Street will

be immediately available for the military department.

The main axis of the campus is the Meridian passing through

the center of the Auditorium which will be intersected by an

east and west axis a few feet south of the road in front of the

present row of barns.

303488
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The New Illinois 3

In locating the buildings, departmental relations have been given

first consideration. The Engineering Group occupies the area

north of Green Street, the Literature and Arts Group the west

side of the Main Quadrangle, the Science Group the east side,

the Auditorium becomes the center of a Fine Arts Group, the

Agricultural buildings dominate the New South Campus, and the

Military and Athletic fields extend west to the tracks.

Part of this development will be so far in the future that it may

be considered more of a dream than of a certainty and many modi-

fications will be necessary as the needs of the future become more

definitely defined, but the essential features have been settled

by the locating of the buildings now under way. The alignment

of the facades of Lincoln Hall, the Women's Building and the

Commerce Building definitely establishes the outlines of the

central court and the locating of the Armory, Stock Pavilion and

Horticulture Group establish limits within which the south court

must be developed.

The plan as illustrated lierewith involves some radical changes.

University Hall and the Law Buildings have disappeared and also

the two-story annexes to the Agricultural Building. The main

Agricultural building has been moved half its length northward

to center opposite the Women's Building, thus freeing a site

opposite Lincoln Hall for a New Science Hall.

The Engineering Group provides for an increase in all the var-

ious departments east and west between Green Street and Spring-

field Avenue. The Main Building is to be left unchanged. The

square of the Physics Building is to be completed and the E. E.

and T. and A. M. Laboratories are to be joined together and sur-

mounted by an imposing central feature. The power plant is

to be extended over the space now occupied by the Machine

Shops. Across the street car tracks an entirely new group of shop

buildings will be located. The Transportation Group and the

Mining and Ceramics Laboratories are to be completed as shown.

The Locomotive Testing Laboratories and smoke stack are now

being constructed and the Electrical Testing Laboratory and

Car Barn will soon follow. West of Burrill Avenue are locations

for four new Engineering Buildings.

A new avenue to balance Burrill Avenue is to be built along

the east side of the JNIain Quadrangle. University Hall is to be

replaced by either an Administration Building or Library located

further north or the facade of the present Library P)uilding may
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The New Illinois

be swung around to face east and additions built to the south

and north to make it adequate in size. The Commerce Building

facade is to be extended north and sovUh and the square com-

pleted. The Women's Building is now nearing its final state.

The hollow square on the west side of Lincoln Hall will be en-

closed and the Chemistry and Xatural History Buildings are

to be finished by additions in the very near future. The present

Agricultural l>uilding will be converted into a Science Building

on a new location opposite the Women's Building and on the loca-

tion south of it a new building will be erected conforming in de-

sign to Lincoln Hall.

A large stage with accessory rooms is to be built on the rear

of the Auditorium thus completing it so it can be used for theat-

ricals. The south side of the building is to be constructed in

the form of a band shell, facing on an open plaza for the use of

mass meetings and campus concerts. It is to be connected on

each side by colonades along the two avenues with the soutli

campus group to be built about the new east and west axis.

The site west of the Auditorium will probably l)e reserved for

a new Music school which will contain an anditDriuni to seat

looo persons with the necessary music studios and class rooms.
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The corresponding site on the east side is a desirable one for the

departments of Fine Arts and Architecture, but would be well

located for a School of Education.

South of the Auditorium is to be formed a new quadrangle,

the sites surrounding which will be occupied by the College of

Agriculture with its many departments, for ])ublic museums and

other interests now unthought of. The Horticultural Buildings

and grounds are to be located east of this group. $50,000 is

being spent now in the construction of vegetable and plant breed-

ing greenhouses to replace those removed from the present

grounds. A large stock pavilion is to close the main axis south

of the grou]). I'lans are now being prepared and construction

will follow next year.

West of this quadrangle to First Street a Military Field is to

be built—900 by 2200 feet. The new Armory is now being con-

structed north of it and when completed will be the largest build-

ing of its kind in this country. The clear floor will measure 200

bv 400 feet and it will be 100 feet to the crown of the barrel-

vaulted roof. Three-story wings will be built on each side con-

taining locker rooms and shooting tubes. Locations are left for

two future units to contain swimming pools and a banquet hall.

A new Illinois Field is to be provided for along the I. C.

tracks from Davidson to Green Streets. Of this property the

Athletic Association has already purchased twenty acres lying

approximately in the area marked New Illinois Field. The pres-

ent gymnasium will continue to be used with the Armory as an

annex and field houses will be built on the new location. When

this improvement is completed Illinois Field will be used as a

recreation ground. The Women's Gymnasium and Field are to

be located east of the Armory as shown.

The plan is one that is comprehensive and adequate as far as

can now be foreseen. All buildings will be fireproof and equipped

in the most modem manner. The acquisition of property and

the construction of buildings will take many years to come, but

every vear brings us nearer to our goal

—

A New Illinois.



THE ELECTRICAL SHOW
L. A. DOLE, '13

After abandoning the Electrical show project last year, the

Electrical engineers, having gained the sanction of Dr. E. J. Berg,

have decided to hold a show this year. There are to be three

days in which the students will be given an opportunity to show

their ability as to the handling of electrical apparatus, for the

amusement and edification of the general public. The dates

decided upon are February 6, 7, 8, 19 13. The last three days

of the lirst week of the second semester.

This seems to be the only logical time for such an undertaking

as at this period no one is extremely busy. It will also give the

Electrical Engineering students ample time during the mid-year

recess to get the lalx)ratory properly arranged and all attractions

in perfect working order.

On account of the enlarged floor space a greater number of

exhibits can be handled than in any previous year and visitors

taken care of with less confusion and trouble. Guides or "Live

Wires" will be furnished and as far as possible a regular line of

travel will be laid out and followed.

Electrical manufacturing concerns throughout the United States

are being notified of the coming event and as they are to be al-

lowed to exhibit there is no reason whatever for any floor-space

to be without something occupying it to attract the public. These

companies will be given a helper or a man to take charge of their

advertisement. The attractions for the most part will be of a

non-technical nature and are to consist of apparatus and supplies

such as will be of interest to the general public and electric power

consumer.

Considering the fact that there will be no show in Chicago this

year and that an extensive advertising campaign is being carried

on, it is confidently expected that the attendance will be more than

double that of any show which has ever been held by the Uni-

versity.

Wireless telephony, telegraphy, and speaking arcs will be fea-

tured as well as wireless transmission of power. Automatic

motor starters will be installed with a self-contained dynamic

breaking circuit using a system of remote control showing clearly

its advantage as a labor-saving and protective device. Negoti-



lo The Techxoc.rai'II

ations are being carried on for a lifting magnet with the accom-

panying control such as is used in large steel mills.

Several different types of oscillographs will be open to in-

spection and will be in actual operation showing waves of elec-

trical ix)tential and current. .\n attendant will explain the oper-

ation of the instrument and will give short lectures on wave

forms for the benefit of the technically inclined. Electric fur-

naces melting iron, lead, zinc, and alloys are to be installed. The

cost of operation and principal of working as well as the eco-

nomical advantages will be taken up from the commercial point

of view. The wireless apparatus that w ill be in use is one that

has recenth- been in operation and has established communication

with Saint Louis, Chicago and New YcM-k. Many amateurs

throughout the state have been "picked u])" and all of these men

will be notified as to the time of the show and communication

will be established with their stations on the three days of the

exhibition. Two licensed operators will have charge of this ex-

hibit. Xumerous other items of interest such as Electric Foun-

tains. IMercury Arcs, "X"-Rays, Refrigerating machines, Gyro-

scopic clocks and exhibitions of restitution may be seen by the

visitor.

The hou.se-wife will not be slighted, for electric heaters, pads,

flatirons, power-washing and sewing machines will be displayed.

For the ladies not interested in these things, there will be a dis-

play of chafing dishes and curling irons. All kinds of artistic.

ornamental and useful lighting will be on exhibition ; and a light-

ing expert will be on hand to tell the house-owners how to make

their homes attractive, but with reduced light bills.

The management has been undertaken entirely by undergradu-

ates who are devoting most of their time to the j^lans and business

of the coming event. The President of the E. E. Society, D. C.

Wood, is acting as general manager and the other departments

are being taken care of as follows: L. A. Dole, Advertising; C.

R. Horrell, T'.usiness ; G. L. Greves, Chief Engineer. Any of

these men will be glad to receive correspondence in regard to

the show.

Undergraduates and graduate students are to be allowed to

put on personally conducted exhibits and novelties which are

planned to amuse and mystify the non-electrical public.



A DESIGN OF A WING ABUTMENT
GEORGE L. JENSEN, C. E., '09

A design of a wing abutment is not a difficult undertaking if

approached in the proper way and if the proper sequence of com-

putations to be made is understood. If attempted, however, with-

out this proper understanding of the necessary procedure, the

design becomes a difficult one and is sure to cause trouble for

the designer. But after a design has once been made, provided

the design is an honest one and no "fudging" of dimensions has

been attempted, then much of the trouble with the abutment de-

signing disappears ; when once the necessary computations have

been carried through, and the sequence in which these computa-

tions should be made is understood, then the entire process proves

simple indeed. It is with the object of presenting what the writer

considers proper procedure in abutment designing that the writ-

ing of this article has been attempted ; it is with the hope of light-

ening some of the labors of this first and most difficult design that

standardized methods will be introduced and detailed computa-

tions will be made.

Fig. I illustrates a typical wing abutment. The notes ac-

companying the figure are self-explanatory. The footing dimen-

sions (ofifsets from neatwork) are standard. The batters for the

face and back of abutment should be such that the resulting foot-

ing area will be large enough to produce a bearing on the soil not

in excess of the allowable bearing. The length of the wings will

be determined in the following way. The abutment is laid out to

approximate scale in its proper position on the bridge survey,

this position being fixed by predetermined span length and with

reference to the desired span opening. Then at a distance from

the center line of track of 8 ft. 6 in. (see Fig. i) and at the angle

of the wing wall it has been decided upon to use. lay out the abut-

ment with its wings. As shown in Fig. i, the wing-wall will be

carried down until its top at the end is about four ft. above the

surface of the ground at that point. WHiat the length of the wing-

wall will be can be easily determined, for, knowing the base of

rail elevation, the slope of the wing-wall top, (usually i^ to i),

and the contours crossed by the wing wall as it is carried down,

a condition can be determined that will comply with the require-

ment that the end of the w^ing-wall be about four ft. above the

ground level.
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A Design of a Wing Abutment 13

Referring again to Fig. i, plan view, a jog in the wing-wall

line will be noticed where the top of the wing-wall meets the top

of the parapet. This jog usually catches the eyes of a novice and

he is almost sure to question its purpose. The explanation is sim-

ple enough. The top of the parapet is level, as shown in the ele-

vation and in the section on the center line of the track. If level,

it is at a uniform height above the top of the footing, and if at a

uniform height above the top of the footing the batter to it must

be uniform. But the batter is measured from the line of intersec-

tion of the wing-wall base with the top of the footing, hence the

wing-wall line at the top of the parapet must be run parallel with

this line of intersection. The same explanation applies to the

jog which will be noticed above the bridge seat line. The end of

the wing-wall is, of course, parallel to the center line of track.

The various angles shown are derived in the following way.

To begin with, the governing angle is the angle of the base of the

wing-wall. This governing angle is usually at 15, 30 or 45 deg.

to a line perpendicular to the center line of track. Now, knownng

0. the angle of the base of the wing-wall (see Fig. i") then

B cos. ® 1 Ti 111 r 1 r
tan. $ =—— —

: —where B equals the batter of the face
(18— Bsm. 0)

^

of the wing-wall in inches per foot.

To better illustrate the derivation of this formula, a section

of the wing-wall formed by two parallel horizontal planes one

foot apart (see Fig. 3) will be taken. For this height the wing-

wall being at a slope of i^ to i will have approached the center

line of track a distance equal to 1^2 X i ft. = 18 in. and at the

same time the face of the wing-wall will have battered back a

distance equal to B inches, where B, as stated before, equals the

batter per foot of height. Then AC represents the slope of the

front edge of the top of the wing-wall, AD the slope of the front

edge of any horizontal section, CG the slope of the front edge of

any horizontal section one foot above. AD and CG are both at

an angle © to the face of the abutment. The problem is to find <I>

the angle that AC makes with AD. Draw CD perpendicular to

AD. Then CD equals the batter B. Draw ED at an angle to

CD. Then EC = FH = B sin. 0. Therefore AF = 18 — B

rr^, . . , * X-T-^ A T^ (l8 Bsitt. 0) --,

sm. 0. Then m triangle AFD. AD = . But^
cos.

CD ^ (i8— Bsin.0) B cos.
tan. $ = —- ^ B -f-

—
AD cos.0 (i8— Bsin.0)
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By the same line of reasoning the formula sin. A =
B COS. (0— *) , , • , , I, • 1 • II

^-^ can be derived, where l> ni tins case equals the
lo

batter of the back face of the wing-wall. With these two equa-

tions, and with the height of the abutment and the depth of the

bridge seat known, all the computations for a particular abutment

can be made.

To illustrate the computations that are necessary a specific abut-

ment will be designed (see Fig. 2). A 65 foot shallow deck plate

girder is to be used. Reference to steel plans shows that the

distance from the base of the rail to the bottom of the sole plate

is 8 ft. 9^:4 in. The depth of the abutment casting is 10 in. Be-

low this casting % in. of lead is usually placed. These three di-

mensions added together give 9 ft. yji in. from the base of the

rail to the bridge seat. The width of the bridge seat equals the

width of the casting plus the casting clearance (see Fig. i) which

is equal to 3 ft. o^/ in. With these two dimensions known and

the elevation of the top of the footing and the batter of the face

and the back of the abutment predetermined, the other elevation

dimensions can be found. Now, with the elevation dimensions,

batters, angles and length of wings known, the abutment can be

laid out on detail paper. The dimensions to be computed can

then be roughly checked by scaling them from the abutment as

laid out.

The angle of the wing-wall 0, is 30 degrees. Then the distance

from the center line of the track to the line of intersection of the

planes of the face of the abutment and wing-wall at the bridge-

seat equals 3 ft. 9 in. (^^ the distance between center lines of

^' 6"
girders"), plus ^^^

, (3/2 the length of the abutment casting),

plus 3" f 12 cos.-^^— (casting clearance)
J

which equals 5 ft.

3 in. At the base of the abutment this distance equals 5 ft. 3 in.

(the width at the bridge seat) -f 2' 41^'' (batter x tan. ^^) =
2

7 ^t. 7^ in. The distance from the center line of the track

to the edge of the intersection of the wing-wall footing equals

7 ft. yj/o in. plus 12 tan.-^^!— = 7 ft. 1004 in. The elevation of
2

the wing-wall at the end equals 74.85. The elevation of the base

of the rail is tot.86. Therefore the distance from the center line
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of the track to the end of the \vin_(j-\\ all c'(|uals 8 ft. 6 in. ( .see Fig.

i) + (101.86—74.85) X i>4 = 49 ft. The distance from the

edge at the base of the wing intersection with the face, to the end

of the wing-wall is 4(; ft. — 7 ft. 7^/. in. = 41 ft. ^Yi in. The
front edge of the top of the wing-wall at the end is 41 ft. 4^ in.

-x tan. 30° = 2T^ ft. 10 34 in. from the front edge at the base of

the face of the abutment. The distance from the top of the foot-

ing to the to]:» of the wing-wall at the end is 12 ft. ioj4 in., (see

rear elevation), therefore the batter olTset at the end is 12 ft.

1054 in. X 3^> in. (the batter of the wing-wall) x sec. 30° ^
4 ft. 4 in. X(nv from formula previously derived tan. $ =

B cos. 3><xcos.-^o° , ,. ,

T-F, ^v-- r = —7T^^ ; ^^^ from which $ = 10°
(18 — Bsm. ©) (18— 3>4 xsni. 30°

)

, . . B x cos. (0— $) I X cos. (30° — 10^ XA.' ) ,
34' ; sm. A = ^ = ^^-— ^^:t_i from

18 18

which A = 3° o'. then batter offset at end = 12' io>4 in. x i

(batter of back of wing) x sec. (0 — $ — A) = i ft. I'Y in.

Width of top of wing-wall equals 2 ft. 6 in. (See Fig. i) but

width parallel to end of wing-wall = 2 ft. 6 in. x sec. (0 — $)
= 2 ft. 7^ in. Total width of end of wing-wall at base = 2 ft.

y}i in. -f- 4 ft. 4 in. + i ft. i>4 in. = 8 ft. i in. Distance edge

of wing-wall to edge of footing at front corner = 6 in. (see Fig.

i) X tan. = 3!/^ in. Distance edge of wing-wall to

1 r r .• 1 , r- [9O-+(0—$—A)]
edge 01 lootmg at back corner = 6 m. x tan. ^^

o

= 8". Width of footing at end = 8 ft. i in. + 3^ in. + 8" =
9 ft. oy^ in. Distance from end of wing-wall to line of intersec-

tion of back of wing-wall with back of abutment at base = (23 ft.

10^ in. 4- 8 ft. I in. — 17 ft. 8 in.) x cot. (0 — $ — A) =
48 ft. 6^ in. This line of intersection from base of abutment

to bottom of slab opening (see Fig. 2, rear elevation) offsets a

distance equal to 37 ft. 63^ in. x i (batter at back) x tan.

f@— <|)— A)^ = SM in. Distance edge of wing-wall intersection

at base of abutment to edge of footing = 6 in. x tan.

(©— $— ^ ....= I in. The remaining dimensions shown on the

plan are too easily determined to require any explanation.

The dimensions all known, the abutment yardage can now be
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determined. Take a typical horizontal section as shown in Fig.

4. The dimensions for the section at the base of the abutment

being known then for any parallel section above the base the

dimensions for the section will be determined in the following

manner. Let A' = the value of A at the base of the abutment,

then for any height, h, A will equal A' — h x (B' -|- B'' ) where

B' and B" are the batters at the front and back of the abutment.

Let C = the value of C at the base, then for any height, h, C =

C" — B'' tan. — X h, and for problem at hand C = C — 3^ x
2

-50°

tan. -^^^!— X h ^ C — 0.938 in. x h. Let E' = the value of E at
2

— <!)—

A

base, then for any height, h, E ^ E' -|- B" x tan.

16° 26'
X h. and for problem at hand E = E' -j- tan. x h = E'

2

-\- 0.1444 X h. Let D' = the value of D at the base, then for any

height, h, between base of wing-wall and top of end, D = D' -|-

©
B' X tan. — X h = D' -|- 0.938 x h. but for heights above the top

of the end the slope of the top of the wing-wall will enter in. then

the end the slope of the top of the wing-wall will enter in. then

D ^ D' -[- 0.938 X h — 1 1 2 X h' where h' equals the height above

the top of the wing-wall at the end. E at base and at top is known

and for intermediate sections can be interpolated. A. C, D, and

F being known, then the areas shown in dotted lines in Fig. 4

marked [i],
\ 2] and [3] can be computed from the following

formulae

:

[I] = AxC.
(C — E)- X tan. (0 — $ — A)

[2] =

rF + A + (C— E) xtan. (0— *— A)] xD
[3]
=

;

If section is symmetrical about the center line then total area of

cross-section = 2 x ( [i] -|- [2] -|- [3] ).

If section is not symmetrical then sections at advantageous

planes for each half will be taken and the computations for each

will be made independently.

Area at Base of Abutment

A' = 17' 8", F' = 8' I". C = 7' 7K>", D' = 41' 4^". E'

= sH" and F' = 8' i".
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[I] = 17.67' X 7.625' = 134-734 sq. ft.

, , (7-62S— 0.458)- X 0.295 . ,^

[2] = — ^^—

^

— = 7.576 sq. ft.

roi 8.083 + 17.67 4- (7-625 — 0458) X 0.295 _
[3] = ; ^ 41-375 —

576.633 sq. ft.

Total Area = 2 x (134.734 + 7-576 + 576.633'> = 1437-886

sq. ft.

Area at top of end of wing-wall

h = 12' ioVa"

A = 17' 8" — 12.854 X 4K'" = 12' 1014".

C = 7' 7>V' — 0.938" X 12.854 = 6' 7//'.

D = 41' 4>4" + I' o" = 42' 41/^".

E = 5K'" + 0.1444 X 12.854 = 7M"-
F = 2' 6" X sec. (© — $) =2' 734".

[i] = 12.8542 X 6.625 = 85.159 sq. ft.

, , (6.625 — 0.694)- X 0.295 .

2 = ^ ^ ^=± '— = 5.397 sq. ft.

2

_ 2.646 + 12.854 + (6.625— 0.604) X 0.295 ^ ^^^^^^ _
366.035 sq. ft.

Total Area = 2 x (85.159 + 5.397 -f 366.035 = 913.182 sq. ft.

Area at ]\Iid-section

A, C, D, E and F are found by taking the mean of the values

given for these dimensions on the base and end wall sections

given above.

2,

2

E = '^m::±zmi^ = 6«".

F = ^^^'^+^y^-^ ^
s' 4H".

2

[i] = 15.2604 X 7.125 = 108.233 sq. ft.

r
, (7.125 — 0.531 )-' X 0.295 ^ ,

[2] = -^ ^ ^^-- ^= 6.413 sq. ft.
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[3]
= 5-365+ 15-2604+ (7.125 — 0.531) X 0-295 ,, g _

471.572 sq. ft.

Total area = 2 x (108.233 -)- 6.413 -\- 471.572) = 1172.436

sq. ft.

The areas computed above are the areas of the two bases, and

the mid-section of a prismatoid the volume of which equals —
6

(A' + 4 X M + A-) = i^-^ X (1437-886 + 4 x 1172.436

+ 913.182) = 15083.766 cu. ft.

Area of section at bridge seat

h = 30' 2^"
A = 17' 8" — 30.198 X 41^" = 6' 41^".

C = 7' yy/' — 0.938 '' X 30.198 = 5' 3".

D = 41' 41^- -^ 0.938 '' X 30.198 — ly X 17.344' = 17' 8^".
E = S'A'' + 0.1444" X 30.198 = 9Ks".

F = 2' 7^''.

[I] = 6.344' X 5.25' = 33,300 sq. ft.

r , (5.25 — 0.823)- X 0.291;
[2] = ^^-^ ^ ^ = 2.904 sq. ft.

^^^
_ 2.646 + 6.344 + (5-25 — 0-823) X 0.295

^^ _
2

.249 sq. ft.

Total area = 2 x (33.300 -f 2.904 + 91.249) = 254.916 sq. ft.

Area at mid-section between section at top of wing-wall end

and section at bridge seat. Mean dimension found as explained

above.

_ (i2'ioM" + 6'4>^") _ ^, _
2 ^ ^^

C^(6-7>^- + 5-3->^3.„^.

j^_ (42'4K-"+i7^8^")
2

(734" + 9^8")

2

I- 17' 85/^")
30'

J%

= 8-9/16".
2

F = 2' 7^".

[I] = 9.599 X 5.938 = 57.000 sq. ft.

r -, (5.938 0.714)- X 0.295
[2] = ^^^ L^ ^ = 4.030 sq. ft.
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[3]
= ^-646 + 9-599 +(5-938— 0-714) X0.295 ^ ^^^^^ _

207.14 sq. ft.

Total Area = 2 x (57.00 + 4.03 + 207.14) = 536-34 sq. ft.

Then by prismoidal formula the volume of the prismatoid be-

tween the top of end of wing wall and bridge seat equals

—

—r—

X (913.182 + 4 X 536.34 + 254.916) = 9579-39 cu. ft.

For parapet volumes consider a prismatoid between bridge seat

and bottom of slab opening (see Fig. 5). Shaded portions show

part of bridge seat section under parapet. The dimensions and

angles shown in Fig. 5 need no explanation.

Area of section of parapet at bridge seat

[I] = (5.25 + 5.27) X 3.302 = 34-735-

^ ^ (5.25+5.27— 0.82-?)- X 0.295 .

[2] = ^^ ^ ' ^ ^ ^ £2-== 13.90 sq. ft.

^^j
_ (2.646 + 3.302 + 2.864 X 12.448

)

_
^_^g^ ^^_ ^^^

Total area = 2 x (34.735 + 13.90 + 54.85) = 206.97 sq. ft.

Fig. 6 shows section under slab opening. Dimensions and

areas solved for in the following manner

:

X = 11.927 X 0.295 == 3.52'.

y + 2' 7M" = 2' 6M" + X.

y = 3-561'-

z = 3-56 X cot. 30° = 6.168'.

a == 11.927 — 6.168 ^ 5-76'.

[I] = 5-76 X 2.687 = 15477 sq- ft.

, ^ 1.^29x4.8^2 , .

[2] = -^-^

—

^^- = 3.216 sq. ft.

(2.646 + 2.687+ 1.428) X 6.168 o .

[3] = -^ —
'

'-^ — = 20.85 sq. ft.

2

Total area = 2 x (15.477 + 20.851 + 3.216) = 79.088 sq. ft.

Mid-section

For mid-section take mean of the dimensions of the two sec-

tions given above,

[i] = 8.14 x 3.00 = 24.42 sq. ft.

[2] = ^^ ^
^^ = 7-635 sq. ft.

2

[3]
= (3-00 + 2.146 + 2.646) X 9.308 _ ^g^^^ ^^ ^^
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Total area ^ 2 x (24.42 -|- 7.635 + 36.264) = 136.638 sq. ft.

Volume of prismatoid between bridge seat and bottom of slab

7 ^6>K
opening ^ ^''^ •^ x (79.088 + 4 x 136.638 -|- 206.97) = 1022.00

6

cu. ft.

Fig. 7 and Fig. 8 show base and top, respectively, of the parapet

to right and to left of slab opening. The volume of these two

small sections when solved for by prismoidal formula gives V =

2 X ^:^x (5.61 + 4 x 11.33 + 17-75) = 52.47 cu. ft.

6

Total neat-work then equals

(15083.766 + 9579-390 + I022.00 + 52.47) _ ^^^ ^^ ^^^^^

27

Total footing volume by same general method can be easily

computed.

Footing volume ^175 cu. yds.

The preceding computations have been made with what may

seem to be unnecessary precision. In maintenance of way, re-

construction and other railroad work where company forces are
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employed refinement in computations as great as has here been

used will seldom be required, but in new construction work where

quite frequently the bridge work is done by contract the computa-

tions for masonry quantities cannot be made too accurately and

carefully. If approximate quantities only are required the work

can be very greatly simplified by using the average end-area

method instead of prismoidal formula, but the results arrived at

in this way will be in excess of those determined by the pris-

moidal formula. When speed is of greater moment than ac-

curacy approximations even greater than the average end area

can be resorted to. But. knowing the accurate method, for the

method outlined in this article is absolutely accurate, the approxi-

mate methods will be apparent and can easily be developed.



THE CIVIL ENGINEERING TRIP TO CHICAGO
W. CLIFFORD SADLER, '13.

The senior class of the civil engineering department made its

annual inspection trip to Chicago during the week of October

30th. The party, consisting of fifty students and professors

Baker, Malcomb, Dufour and McDaniel, left Champaign for the

north early Wednesday morning. A special car was chartered on

the Illinois Central and upon its arrival in Chicago, the party made
its headquarters at the Palmer House.

The men first inspected the mechanical plant of Sears, Roebuck,

and Company. Guides took the party around to dififerent depart-

ments, and explained the systems of management and operation.

The apparatus for determining the quantity of smoke in the flue

gases was pointed out, one of the guides telling what were the

requirements of the city ordinance on the smoke annoyance, and

how the instruments recorded whether the flue gases were ful-

filling these requirements or not. He next showed and explained

an instrument for the determination of carbon dioxide. He
explained how the greater the per cent of carbon dioxide, the

greater the economy of the plant, but that with an increase of the

per cent of C. O., the smoke so increased that a high economy was

prevented by the above ordinance on the smoke annoyance. The

next thing to be observed was the mechanical stokers of the

boiler plant. They were of a green chain type, similar to the ones

used in our power house here. In connection with the feeders

was an operation wherein old paper boxes and useless advertising

literature were carried by belt conveyors to mechanical shredders

to be cut up, and then by mechanical draft through a pipe on to

the grate of the fire.

As the guide swung open the door and the party entered the

corridor leading from the boiler room to the engine room, the

hum of the machines ahead could be heard. Perhaps as the men

walked down the corridor they formed a mental picture of what

the room at the further end of the hall would look like, for when

they entered the room they seemed quite surprised at the magni-

tude of the entire layout. The Corliss engines, generators, pumps

and all seemed larger than they anticipated. Everything from

polished brass railing to the white floor, bespoke perfect cleanli-

ness, and the men seemed greatly pleased with the general ap-
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pearance. The morning's trip was finished by a visit to the

large fans which furnish ventilation for the ten thousand em-
ployees. At noon we had lunclieon at the invitation of the com-

pany.

In the afternoon several buildings in progress of construction

were visited. In everyone of the buildings the two-way reinforced

concrete flat slab construction was used, in ])reference to the

girder construction. The party was under the direct guidance

of Air. T. L. Condron. the designing engineer of the three jobs.

He explained his principle of steel reinforcment, and then brought

to notice such details as the repeating steel forms for the columns,

and the surface finished secure by a special grout wash. One
interesting thing was the test load of cement put on floor. Rods,

graduated to thousandths of feet, were suspended from the ceiling

to the floor below so that a levelman could detect deflections of the

loaded floor by the different rod readings from day to day. Air.

Condron was most accommodating in answering the questions of

the fellows, and he received very favorable comment as a result.

In the evening the men gathered together at the Western

Society of Engineers' Club rooms for a smoker. A little program

was arranged and several officers of the society, and prominent

engineers in Chicago gave stories of their college days or of

camp life many years ago. The usual refreshments were served

during the entertainment and before the party broke up every man
expressed himself as having had a fine time.

Thursday forenoon the party visited a plant of the American

Bridge Company. This proved unusually interesting to the men

as it furnished something concrete and definite on what a man
might expect to do. should he deserve to work in a drafting room.

In the shops on the other hand, one was given the opportunity of

seeing in practice what he had studied in the class room. The

unusual interest the fellows took in going around to the dififerent

machines showed that they appreciated the opportunity.

Thursday noon the party had luncheon at the Boston Oyster

House with the Alumni. The football men stopped there on their

w^ay to meet the University of Minnesota team on the following

Saturday, and everyl3ody had a jolly time giving songs and yells.

Friday forenoon a trip was made to the South Chicago Steel

mills. The party saw three large Bessemer furnaces charged,

operated and emptied, the sight being one of the most spectacular

of the trip. In one building there was a long row of open hearth
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furnaces, several being charged as the party came up. In the

rolling mills there were plates, rails, and channels in the progress

of shaping. The particular part that most interested the men was

the operation of the rollers, which could be revolved in either

direction and which should be lowered or raised in tiers. In

spite of its vastness and complications the work went on without

a slip during the entire length of the trip.

Friday afternoon the party visited the Gibbon, Lytton and Con-

tinental-Commercial Bank buildings. In the Gibbon building the

steel was partly in place and the tile flooring was over half

done. The fellows inspected the steel details, noticing in particu-

lar the connections, stiffness and wind bracing. The work here

was closely connected to the class room work on detailing so they

were especially interested. In the Lytton, the work involved con-

siderable excavation and the men went down into the subcellar to

see the system used. The Continental-Commercial Bank building

was perhaps the most interesting. Large caissons were in con-

struction which went down one hundred and five feet below street

level. The lower half was filled with cement, then came the

grillage followed by the steel work. The size of the caissons

seemed to indicate that the building would stand for many years.

In this connection of age of buildings, it might be interesting to

note that during the destruction of the old building, the workmen
had to take up the old foundation. This was composed of about

six tiers of railroad, each tier running at right angles to the

bed below and all encased in a bed of concrete. This founda-

tion appeared to be as good as when it was installed twenty years

ago.

Saturday the party took a tug boat and visited the intake cribs

in Lake Michigan, four miles from shore. The masonry con-

struction was examined and the general arrangement of the

facilities was noticed. The party returned to shore about the

middle of the afternoon and then disbanded. The men were

very well pleased with the tour, and satisfied that they had ac-

quired a considerable number of points on the practical side of

engineering.
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EDITORIAL

A majority of the students and man}- of the faculty do not

understand the extensive campus development which is under

way. Hence a timely article on this very inter-

THE NEW esting subject is presented. It has never been

ILLINOIS covered before and much of the information is

here, for the first time, officially given out. The

editor desires to express his appreciation to James M. White,

Supervising Architect, for his courtesy and co-operation in the

preparation of the article.
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The Technograph believes that its value to you as a student

will lie wholly in the fact that it represents yoitr interests. Hence it

earnestly solicits contributions from the students

STUDENT If you have any original or interesting ideas on

ARTICLES any engineering subject write them up and drop

in our office. Room 100. It's up to us all. as par-

ticipants in our magazine, to boost it all we possibly can. and this

is one of the very best ways to do this.

From an editorial in the February number of the "Wisconsin

Engineer" on Thesis Work we have noted the following: 'Tt

is the usual experience of students starting their

THESIS thesis work that they do not know how or where

WORK to begin, especially if the problem be of the

nature of research work. . . Perhaps for the

first time the undergraduate finds it necessary to consult the

original literature of a subject. . . . Perhaps, too, the student

will first meet contradictory statements and opinions and it

becomes necessary to judge for himself of the accuracy of the

opinions or observations of others. The necessity for doing

the work in such a way that he can safely draw correct conclu-

sions is an additional incentive to careful and painstaking efifort

on the part of the student. . . . The thesis training which

developes initiative, self-reliance, patience and perseverance is

certainly worth while.

Whatever measure of success we shall be able to reach, must

after all. be credited to the patronage of our advertisers. A firm

advertises in the belief that this action will produce results. We
represent reliable and successful advertisers and respectfully ask

you to help us show them that The Technograph does produce

results.

Do we, as Engineering students, want the honor system intro-

duced? The Technograph believes that the general sentiment

is. that we do. What are your own opinions?

HONOR The next number will contain a discussion of this

SYSTEM increasingly vital subject and so every student

who has given the question some serious thought

is urged to send his opinions in.



COLLEGE NOTES
THE EXGIXEERING COLLEGE

Registration figures from the College of Engineering show a

great predominance of freshmen. This class has a total of 354

members, while the junior class, which is the closest competitor,

has but 287. b\)llowing these come the sophomores with 285 and

the seniors with 210. In addition to these there are 13 specials,

making a total of 1,149 students not including those registered

in the Graduate School.

Among the various courses, architecture and architectural engi-

neering lead with 334; the others in order of numbers are, elec-

trical engineering, 280 ; mechanical engineering, 253 ; civil engi-

neering, 213 ; mining engineering, 26 ; municipal and sanitary engi-

neering. 2:1, ; and railway engineering, 20.

Professor A. N. Talbot, of the department of theoretical and

applied mechanics, has recently returned from attending a meeting

of the sixth congress of the International Association for Testing

Materials, which has been holding sessions in New Yorlo with

excursions to Washington, Pittsburgh, and other points of inter-

est. Professor Talbot is an influential member and ot^cer of the

congress.

GERMANS USE ILLINOIS BULLETIN

In the number of the "Elektrotechnische Zeitchrift" for Sep-

tember 26. igi2, appears an article by Mr. T. D. Yensen, on

"Starting Currents of Transformers, With Special Reference to

Transformers With Silicon Steel Cores". The article is a detailed

abstract of a bulletin published by the Engineering Experiment

Station, with the same title, which was issued last spring.

An Illinois graduate. Walter P.urley Griffin, has found the

capital of Australia and is just ninv the recipient of a large

amount of newspaper publicity and public comment. He has

won the first prize in an international competition for the design

of a federal capital for Australia.

Recently a world-wide contest was opened with a prize of

$8,750 for the l)est i)lans submitted in accordance with which a
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capital city could be built. The winning plans were drawn up

by Walter Burley Griffin, '99, a Chicago landscape architect, and

according to the "Independent", "The honor of having produced

the winner of this world-wide competition goes to the University

of Illinois, which is known to possess one of the most enterpris-

ing architectural schools in the west".

Under the caption. "Hunting For The Capital of Australia",

the Independent for September 10, gives a detailed and profusely

illustrated account of the contest, the winners and the plans sub-

mitted.

For many years the British government attempted to find a

suitable location for the seat of the government and until recently

Australia has been a country without a capital. The proposed site

is now at Yass-Canberra, about two hundred miles from Sidney.

Walter Burley Griffin was a graduate of the department of

architecture in 1899. \\'hile an undergraduate here he was known
as a stellar student.

Other evidences of Mr. Griffin's ability, on a smaller scale, arc

the planning of the grounds of the Northern and Eastern Illinois

State Normal Schools.

The Midvale Steel Company of Philadelphia has presented

to the railway engineering department four axles and four pairs

of supporting wheels for the new locomotive laboratory.

These wheels and axles constitute one of the most important

and costly elements in the locomotive laboratory equipment. The
gift is an unusual expression of interest in the railway department

work.

The axles and wheels are made of heat treated steel of unus-

ually high grade, and represent the finestproduct of this sort ob-

tainable. The monetary value of the gift is $2,700.

The municipal and sanitary engineers while on their trip to

Chicago Friday, November 8, visited the plant of the Chicago

sanitary district experimental sewage purification, as special

guests.
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ELECTRICAL ENGINEERING DEPARTMENT
DR. STEINMETZ DELIVERS TALK BEFORE ENGINEERS-

LARGE CROWD GREETS NOTED EXPERT—LEC-
TURES ON THE POTENTIAL OF THE

ELECTRICAL CIRCUIT

A crowd that filled the physics lecture room to overflowing

heard Dr. C. j. Steinmetz, foremost electrical authority of the

world, deliver a lecture recently. Dr. E. J. Berg, of the electrical

engineering department, in opening said that Doctor Steinmetz

needed no introduction as he was well known to most of the stu-

dents, having lectured here several times before.

Doctor Steinmetz spoke on the potential of the electrical cir-

cuit, and his talk was principally on abnormal voltage and high

frequency in the circuit and how to take care of these. He stated

that lightning always had abnormal voltage and discussed two

principal types of lightning arresters. The protection that alter-

nating current transmission lines require from discharges of

lightning is done by aluminum arresters.

The multigap arrester is all right for a single discharge but

not for a series of discharges as in such a case it would be melted

down, according to Dr. Steinmetz. But the aluminum cell arrester

furnishes a counter electromotive force which cuts down the

current to the very small transient current of the line.

Such an arrester can stand discharge for hours, although it

requires much more attention than a multigap arrester. It must

be subjected daily to the circuit voltage in order to reform the

film which causes a counter electromotive force, the film cutting

down the discharge current. This sort of arrester is used to pro-

tect important parts of a system, while the multigap arresters can

be used for ordinary installations.

Protection must be afforded also against high frequency of a

current. For instance, a high frequency current reaching a trans-

former inside the station w^ill cause large electromotive force

locally, between the terminals of the transformer. If we interpose

a reactance between the transmission line and the apparatus

in the station, the high frequency surge will cause the voltage to

rise between the first few turns of the reactance, but we will not
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have the enormous voltage arising which would otherwise result

if the high frequency was impressed upon the transformer.

Electric waves travel along a circuit in the same manner as

waves do in water, said the speaker. Thus the use of inductance

in an electric circuit stops the traveling wave and reflects it upon

itself, and makes a standing wave in the line. So an inductance

is interposed between the line and the apparatus to be protected,

and stops the traveling wave, but it does not stop the standing

wave, which little by little builds up on the station side of the

reactance. Therefore, in this case, the reactance serves only to

retard the building up of high voltages inside the station.

A regular meeting of the E. E. Society was held in the Elec-

trical Engineering Laboratory on Friday evening, November 8,

at 6 :45. A. B. Van Deusen gave a demonstration of the oscillo-

graph, after which there was a short business meeting.

Several additions are being made to the equipment of the engi-

neering laboratories. An entire car load of machinery which is to

form a part of the equipment of the locomotive laboratory arrived

on the grounds and will be installed as soon as possible.

A new 100 kilowat, 200,000 volt transformer, arrived at the

testing laboratory. It was built to order for the University by

the General Electric Company, and is to be used in high potential

tests. Owing to the extreme weight of the machine, about 56,000

pounds, some difficulty in installing was feared. A new storage

battery with a capacity of 240 ampere hours has also been added

to the equipment of this laboratory.

Over three hundred were present at the electrical engineering

meeting and feed in the E. E. laboratory. Dean W. F. M. Goss

and several members of the faculty and prominent students

made talks. Dr. E. J. Berg told the purpose of the department in

giving their annual feed. He said

:

"The object of this gathering is largely to familiarize the fresh-

men with the ways of the electrical engineering department and

especially with the system in appointing an adviser for each fresh-

man. This is the only department of the University which util-
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izes the scheme, the idea being to help each of the new men in-

dividually.

"In order to keep up interest of the freshmen and sophomores,

a series of demonstration lectures will be given every two weeks

during the year.

"I wish to impress upon the freshmen the fact that if they only

take their first year algebra seriously they will find no difficulty

throughout the course."

After the speech, the electrical engineers were given a bounti-

ful feed and taken on a trip of inspection through the building.

Plans for the E. E. Show were discussed.

ELECTRICAL ENGINEERS GO FOR ANNUAL INSPECTION

The electrical engineers will leave on their annual inspection

trip on November 24, over the Illinois Central, bound for Keokuk,

where they will inspect the new power dam being constructed

across the Mississippi river. They will spend all of Monday at

the dam.

Tuesday they will spend the day inspecting the Washington and

Commonwealth Electric Company's plant in Chicago. Wednesday

the time will be occupied at the Illinois Steel Plants in South

Chicago. It is thought that there will be over sixty students who

will take the trip.

E. E. FEED

The Electrical Engineering Society gave its annual feed on

October 4, 191 2, in the E. E. Laboratory. The feed was except-

ionally well planned by the committee consisting of L. A. Dole,

N. P. Heath, L. C. Kent, H. C. Hohman, and C. H. Kessler.

Two new features were tried and proved to be successful. A
reception committee consisting of seniors was appointed to see

that every man present met the faculty and students. To get

the freshmen and sophomores familiar with the laboratory and

its equipment five seniors were on hand to conduct them through

the building explaining every thing in sight.

The applications for membership were so numerous that the

treasurer had to call on some assistants to help him fill out blanks

and make change. Tiie mcmbershi]) was doubled that night. The

total being about 175 members.

When al)out 200 had gathered in the main room the bread line
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was started. Ice cream cones, peanuts, apples, gingerbread and

cider were on hand in sufficient quantity to supply the desires of

every man present. The arrangement to dole out the eats was so

efficient that the usual rush was avoided. From the "free lunch"

room the crowd was lead to the lecture room where the talks

were given.

President D. C. Wood opened the program by a welcome to

the audience which was larger than the seating capacity of the

large room. The first talk was given by Dean W. F. M. Goss

expressing the interest of the A. I. E. E. in the E. E. Society,

and the electrical engineering students in general. He explained

what the two societies stood for and the part each man should

take in each.

Dr. E. J. Berg followed with an interesting discussion of mathe-

matics and its importance in engineering. Mr. R. S. Seese spoke

on the possibilities of an electric show here this year. Impromptu

speeches were made by L. \\ James, H. G. Hake, S. P. Farwell

and all faculty men.

At a late hour the meeting came to a close and another round

of the bread line was made. The most successful E. E. feed for

years was over, every man felt more interest in the department

and the societv than ever before.

AIECHAXICAL ENGINEERING DEPARTMENT
Only eighty per cent of the junior mechanical engineering class

of last year are back this year and only seventy-five per cent of

this number will graduate. The class numbers just twenty-two

which is the smallest senior mechanical engineering class that

has been here for some time.

No definite reason can be given for this decrease in mechanical

engineers. In many cases poor scholarship had much to do with

the men dropping out. Some of the juniors of last year are now
registered in other colleges.

A number of the faculty members of the College of Engineering

have been heard to remark that this class has had the poorest

scholarship of any other class that has graduated. The class has

gradually fallen ofif in numbers since its entrance in 1909.

The junior class in mechanical engineering this year is the

largest that has been registered. This class has lost very few

of its freshman number.
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A bond tester and recordinj^ tal)le was built this summer in the

machine section of the Engineering College, to be used in the elec-

tric test car. This machine was designed by Professor A. M.
Buck of the railway engineering department and records the

speed and record of uses of different currents, and tests the lx>nds

of electric lines.

The recording table was built entirely in the University lab-

oratories, including the patterns, and represents a grade of work-
manship that cannot be excelled in any other laboratory. The
work was completed with half the cost and time that it would

take in most commercial shops.

The work was under the supervision of G. H. Radebaugh and
D. L. Scroggin. instructors in the machine laboratory. The
machine is on exhibition in the laboratory.

A new hydraulic resistance dynamometer is being built in the

machine laboratories. The dynamometer was designed bv Pro-

fessor C. R. Richards of the mechanical engineering department

and is built on dift"erent principals than any other on the market.

The resisting medium is to be water instead of copper plates,

separated by a layer of oil, as used in the testing laboratories at

present. The new machine will be tested and used in the gas

engine testing department, and if it proves satisfactory will be a

regular product of the machine laboratory.

STUDEXT BRAXCH OF THE A. S. M. E.

On October 4th. the society gave its first feed of the year. An
exceptionally large crowd turned out. The special feature of

the entertainment was an engineering orchestra composed entirely

of mechanical engineering students. Among the speakers of the

evening were Dean Goss and Professor Richards, who spoke

about the aims of the Society and its value to the mechanical

engineering student.

C. R. Velzy gave an illustrated talk on the life of James Watt
at the meeting on October 2^.

"The Slide Rule" was the subject of an interesting and in-

structive talk by Mr. .A. S. lUiyers at the meeting on X'ovember

eieht.
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A house-to-house canvas was made of all the mechanical engi-

neering students with the result of quite materially increasing the

membership.

The new 8x18 inch Corliss engine installed during the past

spring is now in good running order and will soon be used by

the Engineering Experiment Station in a series of tests in which

a mixture of steam and hot air is to be used in place of the ordi-

nary wet steam. The air is to be heated in a preheater and will

be mixed with the steam before entering the cylinder.

The Ideal High Speed Engine originally in the power plant,

was rebuilt and a throttling governor added to the centrifugal

shaft governor. The two are independent so that one can be

operated at a time, and tests can be made comparing economy of

the diiTerent methods of governing with different ranges of load.

Two new Chandler and Taylor steam engines are being in-

stalled. They will be coupled to the same shaft and may be run

as a compound engine, one cylinder taking the partially expanded

steam from the other.

A Eairbanks ^lorse pumping engine of 300 gallons per minute

capacity with compound steam cylinders and duplex plungers has

been added to the laboratory. In connection with the pump a

Lea Water Recorder of the "self-contained" pressure type is

being installed. The latter records automatically the flow of

water by means of a \'-notched weir and automatic recording

advice.

The new C. H. Wheeler surface condenser has arrived. It

has 450 square feet of cooling surface, and is fitted with a fly

wheel air pump and motor driven circulating pump.

In order to make possible the use of the York refrigerating

equipment for short laboratory tests, a new brine-ammonia coil

has been installed. The coil consists of a double pipe one inside

the other, one of the pipes carrying ammonia and the other the
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brine. By means of this arrangement the amount of brine cir-

culated, along with the heat extracted from it may be obtained

for any length of time, thus making short tests possible which

were not practical when the entire brine tank had to be cooled.

The fourteen horse power Uogart Gas Engine has been set up.

It is unique in having an adjustable piston rod and a cross-head.

The adjustable piston rod makes possible different degrees of

compression by changing the clearance of the engine.

A reducing mechanism designed by Professor Richards and

made in the machine shops was recently attached to the new

Corliss engine. A shaft in which a spiral groove is cut is mounted

along the side of the engine. A wedge-shaped pin extends out

from the cross head and works in the cut groove. Thus the

straight line motion of the piston imparts a circular motion to

the shaft. A sector clamped onto this shaft transmits the motion

of the indicator by means of a short cord.

The department of Mechanical Engineering has been fortunate

in securing for members of its faculty the services of the follow-

ing men

:

Mr. Brainard Mitchell, a graduate of the University of Ar-

kansas and until this year associate professor in mechanical engi-

neering in that institution, is now instructor in machine design.

Mr. Herbert S. Eames, a graduate of the Massachusetts In-

stitute of Technology, and for the past three years instructor in

mechanical engineering at the Rhode Island College, Kingston,

R. I., has been ai:)pointed instructor in experimental mechanical

engineering.

Mr. E. B. Flanigan. assistant in the M. E. Laboratory is a

graduate of Princeton 1910. and of the Massachusetts Institute

of Technology 191 2.

Mr. J. P. Pendleton takes the place of Mr. Gawn in the

Foundry. He is a man of considerable experience having been

with the Newport News Shipbuilding Co, at Newport News. Xa...

for several years. He is a graduate of the Winona Technical

Institute at Indianapolis.

Mr. Walter W'ohlenberg is this year's fellow in the Engineer-
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ing Experiment Station. He is a graduate of the University of

Nebraska and for the last two years has been in the employ of

the Westinghouse Machine Company.

Mr. Wm. V. Dunkin, former instructor in machine design, is

now with* the Deere Company of Moline.

Mr. John M. Snodgrass has been transferred from assistant

professor in steam engineering in the mechanical engineering

department to be assistant professor in railway mechanical engi-

neering.

Mr. J. Paul Clayton has resigned in the Engineering Experi-

ment Station, and is now with the Central Illinois Public Service

Corporation at Mattoon, 111.

CIVIL ENGINEERING DEPARTMENT
Fifty-two senior civil engineering students in charge of Profes-

sor I. O. Baker and three other professors of the civil engineering

department made the annual inspection trip to Chicago. The

party was the guest of Sears, Roebuck & Co. for luncheon.

On October 30 they were given a smoker in the rooms of the

Western Society of Engineers, to which all civil engineering

graduates were invited. A considerable number of the prominent

engineering alumni of Chicago were present.

On Thursday, October 31, the party took lunch with the Illinois

alumni at the Boston Oyster House. On Saturday morning the

students were guests of Assistant City Engineer Baker on a trip

to the lake cribs and the city water supply ; and in the afternoon

they were the guests of Mr. Hammond, city bridge and harbor

engineer, for a trip in his steam launch down the south branch

to inspect the movable bridges.

In addition the party inspected bridges on the main branch of

the Chicago River, steel-frame buildings in the loop district,

bridge manufacturing the steel works at South Chicago and three

re-inforced concrete buildings near Sears, Roebuck & Go's plant.

The party made their headquarters at the Palmer house while

in Chicago. The following men made the trip : Professors Ira

O. Baker, F. O. Dufour, C. W. Malcom, and A. B. McDaniel,

and the following seniors : R. H. Albright, W. O. Andrews, N.

Arnold, R. A. Bennitt, P. T. Bock, E. W. Bullard, N. L. Bunn,

H. Corley, C. J. Cragmile, H. W. Dahringer, A. L. Epstein, E. M.

Fijardo. A. s" Fry. W. E. Flood, C. M. Fuller, W. C. Giessler,
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M. R. Hansen, E. J. Healy, E. x\. Heidkamp, T. McD. Hepburn,

C. T. Holton. R. F. Huxmann, W. Karkow, A. W. Kimbell, S. F.

Kosters, F. X. Loeffler, K. T. Murphy, M. Osmena, H. Petersen,

H. C. Petersen, R. G. Petersen, F. J. Prindiville, E. E. Reddersen,

E. A. Reed, H. E. Reum, F. C. Rohrbough, E. Rundles, W. C.

Saddler, G. S. Sangdahl G. H. Stough, E. H. Swensen, M. P.

Taylor, R. E. Turley, E. Wallace, L. G. Wheeler, J. M. Wiielan.

T. G. White, C. E. Whitney. R. C. Williams. C. R. Wold.

ENGINEERS' TRIP SUCCESSFUL—HOLD SMOKER WEDNES-
DAY NIGHT WITH TRUE SPIRIT

The annual inspection trip of the senior civil engineering

students has been particularly successful, according to the reports

received from Professor I. O. Baker, who is in charge of the trip.

On Wednesday night a smoker was held in the rooms of the

W^estern Society of Engineers. W. L. Abbot, '84, former presi-

dent of the board of trustees and also former president of the

Western Society of Engineers, acted as master of ceremonies.

The president of the Society and ex-president made short speeches

as did Mr. Pastel, president of the Chicago Illini Club, and Mr.

Peter Junkersfeld, president of the Alumni Association. Messrs.

Fuller and Turley, of the senior civil engineering class also made

short talks.

A considerable number of the leading members of the society

and prominent engineering graduates attended the smoker.

Smokes, cider and gingerbread were served at the smoker. Music

contributed by Mr. Abbot, was furnished by a ten-piece orchestra.

MINING AND CERAMICS DEPARTMENTS
Hunts For Coal Lands

R. Y. Williams, mining engineer for the United States Bureau

of Mines at the University, has been spending the last three

months in Alaska in search of coal lands in the Behring district.

The investigation is made for the United States Xavy in an effort

to locate coal supplies which can be used for coaling the battle-

ships on the Pacific coast. It is the desire to get the coal from

the West rather than to send the big ships East. Mr. Williams

has had two camps established with forty men under him.
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The mining engineering department has just purchased for the

new laboratory a battery of three gold stamping machines each

weighing 500 pounds, a "Challenge" ore feeder, and two silver-

plated copper plates for catching the gold crushed in the battery.

A clay working plant for use in experimental work is to be

a part of the equipment of the new ceramics laboratory. With
the machine running at full capacity it would be possible to

make about fifteen thousand bricks per day. The cost will be

from two thousand to twenty-five hundred dollars.

This plant will be complete for all ordinary purposes. It will

contain machinery for making ordinary brick, drain tile, hollow

blocks, roof tile, and practically all kinds of clay work.

The machinery used in its construction will be purchased from

various companies in order to demonstrate the comparative effi-

ciency and merits of the different makes of machinery. One of

its uses will be the testing of the workability of different clays.

The clay plant will occupy a floor 20 by 40 feet not including

kilns, and will require about fifty horse-power for its operation.

It will be run bv electricitv.

MINING ENGINEERING
The Department of Mining Engineering has moved into the

new Transportation Building and now occupies the south end

of the second floor. There is a large drafting room equipped

with desks, a complete set of catalogues of the manufacturers of

mine machinery and a card index of the same, a very complete set

of blue prints of mine maps, mine structures and the principal

text and reference books upon mine buildings.

The mine lecture room is equipped with a chemical table for

demonstration of safety lamps and mine gases, etc. There is

also a stereoptican and in an adjoining room there is a museum of

mine appliances.

The ventilation laboratory contains a dark room and an Oldham

gas testing machine, a very complete set of safety lamps, and a

complete equipment of testing apparatus for work with mine

gases. The offices of the mining faculty are in the southeast cor-

ner of the building on the second floor.
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During the summer of 1912 a systematic sampling of the mines

in IlHnois was carried on in connection with Co-operative Inves-

tigation of Mining Conditions in tlie State by the Department

of Mining Engineering, in State Geological Survey, and the

United States liureau of Mines. Six seniors and juniors in min-

ing gathered samples from about 100 mines throughout Illinois

and these were shipped to Urbana where analyses were made
by the chemical department. These analyses included the approxi-

mate analysis and determination of calorific power. These results

in addition to the analyses already in the possession of the State

Geological Survey and of the University will furnish a large

amount of valuable data in regard to the coal resources of the

State, which was not formerly to be had.

During the summer in connection with the work of the Co-

operative Investigation, Mr. H. H. Lauer, Instructor in Mining,

visited a number of mines in Illinois, gathering samples of the

cuttings made by various types of mining machines. These cut-

tings were sampled and screening tests are being made to show

the sizes of coal made by different machines working under differ-

ent conditions. In addition to gathering the samples, electrical

instruments were used to record the amount of pow-er used by

different machines working under diff'erent conditions. This

data will be published in the form of a bulletin to be published by

the Co-operative Investigation.

During the summer vacation of 191 2. Dr. F. C. Lincoln. Assist-

ant Professor in Mining, made a detailed study of the coal wash-

eries in Illinois, gathering material for a bulletin, which will be

published in the near future as one of the series being issued by

the Engineering Experiment Station. At each washery visited,

samples were taken of the different sizes of coal being washed

;

these samples have been analyzed, and are being placed in the

museum of the Mining Department, so there will soon be a com-

plete exhibit of the washed coal being put out by all of the wash-

eries of the State. The bulletin will include a bibliography of

coal washing in Illinois, and a general study of the entire problem

of washing as applied to the coals of the State.

During the summer vacation. Professor H. H. Stock of the

Mining Department made a detailed study of secondary mining

education as it is being carried <in in the various parts of the

United States, gathering material for a bulletin upon the subject,

which will be issued in the near future.
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During the summer several of the juniors in mining engineer-

ing worked in the copper mines of Arizona and report having

had a most valuable experience, as they were assigned to all

classes of work about the mines.

On Thursday evening, November 7. the University of Illinois

Student Branch of the American Institute of Mining Engineers

held a smoker in the smoking room of the Y. M. C. A. Among
the guests were Dean Goss, Professors Stoek. Lauer and Savage,

Doctors Lincoln and MacFarland, and Messrs. Willis, Kay and

Andros. The principal speaker of the evening was Dean Goss

who spoke on the value of student gatherings. Professor Stoek

and Doctor MacFarland gave interesting talks about mining

swindles. Mr. Willis gave a lengthy discourse upon precious ore

mining in Mexico. Professor Savage and ]\Ir. Kay entertained

the audience with a number of witty stories. An abundance of

good eats, smokes, and drinks aided materially in making the

affair a success.

Professor H. H. Stoek. head of the mining engineering depart-

ment, entertained the students and faculty of that department on

Thursday evening. October 24, at his home on Oregon St. Prac-

tically all the students in that course were present, and among the

guests were Dean Goss, Professor Lauer, Doctor Lincoln, Mr.

Andros, mining engineer for the state, and Mr. Scholl of the

L". S. G. S. The juniors and seniors gave short talks describing

their summer experiences as did Dean Goss, Professors Stoek

and Lauer, and Mr. Scholl. Refreshments were served and a

very delightful evening was enjoyed by all present.

W. Leriche, '13.

MINING ENGINEER FACULTY TO GIVE ANNUAL SMOKER

A smoker was to be held November 7 for students and faculty

members of the mining engineering department. It was in the

Y. M. C. A. smoking room, starting at 7:30. The smoker was

given by the members of the faculty in mining engineering to the

students in these courses, and was free to them.

Dean W. F. M. Goss was the principal speaker of the evening.

H. H. Stoek, head of the mining department and Frank Kay, an
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officer of the state mining department, also talked. A musical

program was also planned. A plentiful supply of smokes and

eats was furnished.

CHEMISTRY DEPARTMENT
The opening of the new year brings many changes to the Chem-

ical Department. We regret the loss of many of the instructional

staff who have long been connected with the institution.

Doctor Hawk left to become a member of the staff of Jefferson

Medical College. Doctor Curtis went to Pasadena, California,

on the Throop Polytechnical Institute faculty ; Doctor Burgess

to Saskatchewan University, Saskatoon, Canada ; Doctor Jesse

to the University of Montana ; Doctor Jones to Harvard ; Doctor

Ploew to Columbia ; and Doctor Isham resigned.

Our new faculty members are Doctor Weber, who takes Doctor

Smith's place in qualitative chemistry. Doctor Smith takes the

place left open by the leaving of Doctor Burgess. Doctor Thorpe

takes Doctor Derick's place, who in turn takes Doctor Curtis's

place. Doctor Hirschkind fills Doctor Jesse's place. Doctor Mac-

Arthur comes to Doctor Hawk's position. Doctor Nelson works

in Chemistry one and Doctor Hopkins is also working in that de-

partment. The student assistants this year are Miss Darrah and

Messrs. \'alentine. Becker, Dunham, Prasil. Glenz, S. C. Taylor,

Lievert, Simpson, Leslie and Cohn.

Anton Kessler has been made an assistant in Glass Blowing.

The Chemistry Club held its first meeting on October first.

The returning members were greeted by a generous supply of

"eats" and all had a jolly good time. On October 8, 15 and 16,

Miss Sparks, the Chemistry librarian, gave some interesting talks

on the use of the Library. On October 22 Professor Noyes

described some of the European laboratories and the various

researches he saw on his trip. Mr. Seevert accompanied by Mr.

Swanson filled out the evening pleasure with a violin solo. On
November 12 Professor Parr and "Mr. Burton took up the ques-

tion of Coal Wastes. Music was also provided for the evening.

Geo. Mengel, President. Chemistry Cliih.

Six representatives from the department of the University

recently attended the eighth annual international congress of ap-

jilied chemistry, which met in Washington and New York City,

(luring the second and third weeks of October. The congress met
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at Washington, where it conducted business for several days

;

after which it adjourned to New York City.

It is reported that this congress was the most successful one

ever held. Delegates from the majority of foreign countries were

present in addition to representatives from all parts of the United

States. After the adjournment of the congress many of the for-

eign delegates continued their visits and investigations throughout

the country.

All of the University delegates read papers before the congress

on subjects of various interests. A paper by Dr. S. W. Parr dis-

cussed some of his researches for the production of a new alloy.

It was commented on and quoted in the last number of Popular

Mechanics.

Parr Goes to Springfield

Professor S. \\'. Parr, of the chemistry department, leaves today

for Springfield to confer with the state board of administration

in regard to the inspection of coal supplies for the state charitable

institutions. Later in the year Justa Lindgren. under whose

direction the tests are to be made, will visit each of the eighteen

institutions.

Charles Rascher. '12. of Chicago, who graduated here in chem-

ical engineering, has accepted a position as instructor in the

Catholic University of America in Washington, D. C. Mr.

Rascher will teach chemistry. The university is one of the largest

Catholic Colleges in the United States.



THESIS SUBJECTS IN THE COLLEGE OF
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Coffey. E. W. )

Ralston, S. A.
\

Coolidge. E. R.

Dole. L. A.

Ferrell, D.

Fornoff, G. G.

Gates. C. W.
Wood. D. C. )

Greves, G. L.
)

11 all. L. M.

Henry, P. C.

Hohman. H. C.

Horrell. C. R.

Kent, L. C.

Kessler, C. H.

Kramer, J. |_

Richi, H. L. )

Lee. E. S. )

Wittich, F. P. f

Matthews. H. )

Wolf. H. C. f

IMesner. F. D.

Ogden. P. L.

Andrews, W. O.

Bennitt. R. A.

Bullard. E. W.

Bunn. N. L.

Corley. H.

Cragmile. C.

Dahringer, H.

Fajardo, M. E.

Hansen. M. R.

Healy, E. J.

Holton. C. A.

Karkow, W.
Kosters. S. F.

Murphy, K. L.

Osmensa, M.

EL^XTRICAL EXGINEERING .

A Study in illumination.

A Study of Striking Distance.

Methods of Starting ^lotors.

A Study in Illumination.

Corona in D. C. Circuits.

A Study of Striking Distance.

Power Requirements of Industrial Machines.

Methods of Starting Motors.

Design of looo K. \\'. Turbine Set.

A Study in Illumination.

The "E. E. Show".

A Study in Illumination.

Electric Constants of Steel Conductors.

The Primary Cell as a Source of Power.

Installation and Description of U. of I.

High Potential Laboratory.

Dielectric Strength of Air.

Insulators and Transformer.

Connections in ^lodern Transmission Lines.

Power Plant Design.

Civil Engineering

Review of Methods of Garbage Disposal.

The Construction of the Madeira-Mamore Ry.

Construction of an Artificial Lake in an Amuse-

ment Park.

Design of a Railroad Bridge for the C. & A. Ry.

Study of Concrete ^fixers.

An Irrigation Project.

Design of a Reinforced Concrete Coaling Station.

Design of a Reinforced Concrete Water Tower.

Design of Buildings for a Brick Yard.

Design of Steel Framework for an Office Build-

ing.

Roads for Motor Traffic.

Reinforced Concrete Highway Bridge Floors.

Investigation of the Wabash R. R. at Danville. 111.

Methods of Making and Placing Concrete.

Design of Reinforced Concrete Arch Bridge.
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Peterson, H.

Petersen, H. C.

Peterson, R. G.

Prindiville, F.

Reed. E. A.

Reum, H. E.

Rohrbough, F. C.

Swenson, E. H.

Wallace, E.

Wheeler, L. G.

White, J. G.

Whitney, C. E.

Williams, R. C.

Wold, C. A.

Albright, R. N.

Bock, P. T.

Flood, W. E.

Fry, A. S.

Hepburn, T. McD.
Kimbell, A. W.
Sangdahl, G. S.

Schmitz, E. A.

Taylor, M. P.

Whelan, J. M.

Loeffler, F. X.

Smith, L. G.

Ordonez, B. R.

Claussin, A. W.
Ermeling, L. B.

Reitz. W; R.

Skoglund, C. A.

Crist, E. B.

McLaughlin, J. W.

Design of Steel Framework for an Office Build-

ing.

Comparative Design of a Steel and Concrete

Highway Bridge.

Construction of Pavements to Meet Modern
Traffic.

Weight of Steel per Unit of Volume in Skeleton

Frame Buildings.

Comparative Design of a Steel and Concrete

Bridge, for Sidney, 111.

Construction of a Department Store Building.

Improvement of the Boneyard.

Reinforced Concrete Design.

Strauss-Trunnion Bascule Bridge.

Improvement of the Boneyard.

Review of the work of Various Highway Com-
missions.

Preservation of Timber.

Design of Steel Grand-Stand.

Design of a Concrete Arch with Fixed Ends.

Reinforced Concrete.

Column Lacing.

Design of a Water Supply for Springdale Ceme-

tery, Peoria, 111.

Tests of Columns.

Loss of Head in Elbows and Tees.

Transmission of Pressure Through Sand.

Water Supply System for C. C. C. & St. L. Shops.

Reinforced Concrete.

Transmission of Pressure through Sand.

Variation in Mechanical Properties of Reinforced

Bars.

Economic Construction of Conduits.

Mechanical Engineering

A Study of the Stub Tooth System of Gearing.

Graphical Representation of Rankine Cycle Ef-

ficiencies.

Study of Automobile Clutches.

A Study of the Water Rates of Various Prime

Movers.

Determination of the Overhead Charges in Shop

Laboratories.

Design of a 6 hp. Water Cooled Two Cylinder

Gas Engine.

Design of a Water Flow Recorder Whose Flow

is Directly Proportional to the Head.

Design of a Vacuum Pumping System for the

Chemical Laboratory.
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Simpson, A. M.

Ferguson, L. S.
\

Luney, E. R.
j

Harris, R. C. )

Gibbs, P. H. f

Crooks, H. F. )

Mix, M. I.
\

Masters, J. H. )

Mcintosh, H. [

Larsen, L. R. )

Hawkins, R. R. V

Overmeier, E. j

Shapland, E. P.

Blakeslee, W. A.

Ogle, C. R.

Myers, A. L. )

Schoessel, C. A.
j

Middleton, W. S.

Becker, M. L.

Nebel, M. L. )

Smith, C. W.
j

Newton, L. V.

Redderson, E. E.

Sadler, W. C.

Welson, H. S.

Young, E. G.

VVu, Chai Kao
Prout, F. J.

'

Arnold, N.

Epstein, A. L.

Fuller, C. M.

Gressler, W. C.

A Study of the Operating Mechanism for Rolling

Lift Bridges.

Strength of Wire Rope Fasteners.

The Effect of Variable Conditions on the Value

of "n" in Gas Engines.

Tests of a Bogart Gas Engine.

Duty Tests of a Compound Duplex Steam Pump.

Tests of a York Refrigerating IMachine.

The Power Required in Drilling Metals.

Gas Producer Tests With Varying Sizes of Fuel.

Comparative Tests of Long and Short Stroke

Automobile Engines.

Mining Engineering

An Investigation of the Gasoline Locomotive for

Use in Mines.

A Study and Comparison of the Organization and

jMethods of Working the Mines.

The Sampling of Coal.

Electric Locomotive Haulage in and about Mines.

Railway Civil Engineering

The Concrete Tie on American Railroads.

The Automatic Block Signal System on American

Railroads.

Railway Electrical Engineering

The Development of the Storage Battery for

Traction Purposes.

Railway Mechanical Engineering

Locomotive Laboratory Tests for the Year 1912-

1913-

Municipal and Sanitary Engineering

Plan for Experimental Sewage Treatment Plan.

A Sanitary Survey of the Sangamon River near

Decatur.

The Run-Off Conditions of the Boneyard Branch

Drainage Area.

The Filteration Plant of the Champaign and

Urbana Water Co.

Schnellbach. J. F. Washing of Rapid Sand Water Filters.

Stough, Glenn Sewage Treatment for Champaign and Urbana.



ALUMNI NOTES
Items of interest are here given concerning our former society members

in the hope that they may be of value. In seeking a position it is well to

know where the graduates are employed as they can very often be of ma-

terial use to the student.

Editor

1882

F. B. Maltby, c. e., has severed

his connection with Gehren and

Dodge, general contractors, and is

now with John F. Stevens Construc-

tion company, 55 Wall Street, New
York City.

1888

The Roberts and Schaefer com-

pany, of which Warren R. Roberts,

c. e.. is president, has removed to

more commodious quarters in the

McCormick Building, Chicago.

1890

F. H. Clark, m. e., is still general

superintendent of motive power of

the Baltimore & Ohio Railroad com-

pany, and is located at Baltimore,

Maryland. He was one of the ac-

tive men on the executive committee

that entertained the international as-

sociation for testing materials, held

at New York JZky, September 2 to

15. 1912.

James Barr, m. e., has recently

bought a large tract of land in

central Florida, and is having it

cleared, and will this winter plant

it to grape fruit. He says he ex-

pects eventually to go down there

to live, and would like to have some

member of the class of '90 as a

neighbor.

Professor J. M. White, arch.,

who was appointed one of the com-

missioners to represent Illinois at

the Panama-Pacific exposition, vis-

ited San Francisco in June to se-

lect a site for the Illinois building.

While on the coast he visited Los

Angeles, Portland, Tacoma, and Se-

attle, and met nearly a hundred old

University people. Professor White

has recently been appointed chair-

man of the committee on tests of

the American Society of Plumbing

Inspectors and Sanitary Engineers,

and was the first week in August

a delegate from that society to the

fourth National Conservation Con-

gress held at Indianapolis.

C. H. Snyder is still located in

San Francisco as the representative

of the Milliken Structural Iron

Company.

E. S. Keene, m. e., is still the main

man of the engineering department

of the North Dakota Agricultural

College. He has been spending the

summer in working up some prac-

tical things for a course in home

economics which he gives the young

women of that institution. He says

it is the stuff that women ought to

know about the house, but don't.

R. J. Cooke, c. e., is plugging

along at the Lake Shore and Michi-

gan Central railway, trying to keep

the railroad running.

The address of Hugh Hazelton,

e. e., is 42 Sherwood Place, Engle-

wood, New Jersey. He says that

although he has always been a re-

publican, he is going to be loyal to

New Jersey's candidate this year.

He is engaged in some extensive

electrical work in Pennsylvania and

New York.

Fred W. Waterman, m. e.. writes

concerning the gathering of Univer-

sity people near Cleveland, Ohio.
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He said it is pretty hard to keep up

enthusiasm when one has been al)-

sent so long. Fred's address is

Lorraine, Ohio, and he is with the

National Tube Company.

1892

The address of Roy A. Mather,

c. e., is changed from 632 Summer-

lea street, Pittsburgh, Pennsylvania,

to 214 Beaver street, Sewickley, Pa.

E. L. Schecdenhelm, c. e., is

chief engineer of the hydro-elec-

tric department of the American

Water Works and Guaranty com-

pany, 808 First National Bank build-

ing, Pittsburgh, Pennsjivania.

The address of B. A. Wait, c. e.,

is changed from Davenport, Iowa

to 1430 Wfest Fifth street, Des

Moines, Iowa.

1893

B. V. Swenson, e. e., lives at 43

Cedar Place, Yonkers, Xew York.

J. A. Kinkead, chem., who is resi-

dent sales manager for the Parkes-

bury Iron company. 30 Church

street, New York, was a member of

the committee on arrangements for

the recent International congress

for testing materials in New York.

1894

The address of Martin J. Eng-

berg, chem., is changed from 358

West Chicago Avenue, to 204 Cleve-

land avenue, Chicago.

1895

Joseph William Roycr, arch., was

one of the ushers at the Chicago

convention which nominated Taft.

Peter Junkersfeld, e.e., and Anna

Boyle (Junkersfeld). la, '90. arrived

at Liverpool. England, on Septem-

ber 3-

The address of .\rmin Harms,

chem., is 1669-608 South Dearborn

street, Chicago.

Oscar B. Mueller, m. e., ex-'95

who for some years has been New
York resident manager of the H.

Mueller Manufacturing company of

Decatur, Illinois, has established

a branch and become manager at

Sarina, Ontario, Canada.

A. M. Munn, c. e., is secretary of

the Munn-Reise Construction com-

pany, contractors in railroad, irri-

gation, and drainage work. His

company has a large amount of

very important work in the south-

west. His address is Rich Hill,

Missouri.

Alexander M. Munn. c. e.. is a

member of the firm of Munn-Reise

Construction company, at Rich Hill,

?\Iissouri.

1897

The address of T. J. Klossowski,

c. e., is in care of Edmonton Ce-

ment company, Marlbora. Alljerta,

Canada.

A. J. Wharf, c. e., is superinten-

dent of construction for J. E. and

E. C. Wharf, 5036 Sunnyside ave-

nue, Chicago.

1899

Harry Anderson, e. e.. :i:is Henry

building, Seattle. Washington.

C. L. Clifford, e. e., 1729 New
York avenue, Washington, D. C.

George Dodds, e. e., 10 Stanurt

street, Albany, New York.

John M. Herwig. m. e., Lands-

burg. California.

J. A. Mesiroff, e. e., 48 Evergreen

street. Chicago, Illinois.

P. F. A. Rudnick, chem., 2007

Milwaukee avenue, Chicago, 111.

S. O. Swenson. e. e., 3229 Mc-

Gee street, Kansas City, Missouri.

The hidependent for September

contains a write-up on the inter-

national competition for the design

of plans for a capital city for Aus-

tralia, in which W. B. Griffin, arch.,

won first prize. A portrait and
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sketch of the successful contestant

are given, and the three designs

which were awarded prizes are des-

cribed.

A. D. DuBois, e. e., of the elec-

trical engineering department of

Purdue University, is the author of

a recent series of articles in the

Electrical World, on Adjustable

Speed Motors.

G. E. Tebbetts, c. e.. is a member
of the coroner's jury selected to in-

vestigate the failure of the Alameda

Hotel at Kansas City, Missouri, in

which several floors of reinforced

concrete gave way, killing four men
and injuring several others. J. E.

Trogden, ex-'g8, is deputy coroner

in charge of the investigation.

1900

John Charles Thrope. m. e., was

appointed to take command for

eastern Illinois of the auto tours to

the State Fair, October 4 to 12.

Thomas W ilson, e. e., is associate

editor of Power at Xew York City.

He lives at 153 Humphrey avenue,

Bayonne, Xew Jersey.

A. L. Kuehn, c. e., spent the sum-

mer in Europe on business for the

American Creosoting company, of

which he is tTie general superintend-

ent. His offices are now in Louis-

ville, Kentucky, but his residence

is still 220 south Ridgeland avenue.

Oak Park, Illinois.

1901

Arthur C. Hobble, sci., e. e., '11,

is an electrical and hydraulic con-

struction engineer with S. Pearson

.and Son, Successors, South Ameri-

ca, on the Conchos River Hydro-

electric Development near Santa

Rosalia, State of Chihuahua. Mex-
ico. His postal address is Ciudad,

Camargo, Chihuahua, Mexico.

1902

The address of Edward O. Kea-

tor, c. e., is ss The Navarre, Walnut
Hills, Cincinnati, Ohio. He has

opened an office in Cincinnati as

civil engineer and contractor.

Elrick Williams, chem., and Flor-

ence Somers (Williams), la-'o/,

have returned to the States. They
are at home on furlough from West
China and may be addressed at

1318 7th avenue, X., Fort Dodge,

Iowa.

1903

Fred W. Rose, e. e., has recently

opened an office at 903 Palace build-

ing, Minneapolis, Minnesota, for

general consulting engineering.

\\'. V. Dunkin, m. e., is chief

draftsman in the experimental de-

partment of Deere and compan.v,

Moline, Illinois. His street address

i.s 1810 I2th avenue.

Robert H. Kuss, m. e., is now as-

sistant sales manager of the Chi-

cago office of the Edge Moore Iron

company, manufacturers of water

tube boilers.

The address of G. L. Sawyer, m.

s. e., is 410 Lindell Block, Spokane.

Washington.

The address of Albert M. John-

son, m. e., is 611 Auburn street,

Rockford, Illinois.

J. A. McFarland, chem., is chem-

ist and engineer of tests with the St.

Louis and San Francisco Railroad

company, at St. Louis, Missouri.

The address of W. P. Ireland, c.

e., is 2414 Tea street, Sacramento,

California.

1904

The address of Ray L. Horr, e.

e., has been changed from 6229

Kimbark avenue, Chicago, to 346

south "th avenue, LaGrange, Illinois.

The address of P. D. Gillham, c.
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e.. is 205 Park avenue, west, Prince-

ton, Illinois.

1905

T. N. Davidson, c. e., is assistant

western manager of the Concrete

Steel company of Chicago.

The address of Fred S. Sawyer,

c. e., is 407 White Building, Seattle,

Washington.

The address of G. R. Bascom.

m. s. e., is 708 Flym building, Mus-
kogee, Oklahoma.

F. A. Randall, c. e., is chief en-

gineer with Morey, Newgard and

company, engineers, Lake View^

building, .116 South ^Michigan boule-

vard, Chicago.

The address of F. I. Blair, c. e.,

is changed from 509 East Graham
street, Bloomington, to his country

address. Box i. R. R. Xo. 2, Nor-

mal, Illinois.

The address of A. G. Schutt, c.

e., is 2352 Arkansas avenue, St.

Louis, Missouri.

1906

J. W. Stromberg, c. e., has been

appointed to take charge of the

Chicago office of the Clinton Wire

Cloth company, at 342 River Street.

E. J. Mehren, c. e., formerly as-

sociate editor of the Engineering

Record, and for the past year sec-

retary and manager of the Emer-
son Company, efficiency engineers.

Xew York, has rejoined the En-

gineering Record, in the capacity of

managing editor. His address is

60 Amherst street, East Orange,

Xew Jersey.

The address of Paul E. Howe,
chem, e., is 437 west sgth street,

Xew York City.

The address of X. R. Portertield

c. e., is 107 north 4th street. Read-

ing, Pennsylvania.

The address of Paul Augustinus,

e. e., has been changed from Pitts-

I)urgh, Pennsylvania, to 336 south

Ashland avenue, LaGrange. Illinois.

X. H. Jacobson, '06. has recently

taken a position with R. W'. Huston
Company, consulting and construct-

ing engineers at Memphis, Tennes-

see, and has "been placed in charge

of the municipal design and con-

struction in the state of Arkansas,

with headquarters at Little Rock.

1907 .

The address of W'. A. Knapp, c.

e.. has been changed from 113 south

Grant street, to 105 Fowler avenue,

West Lafayette, Indiana.

P. J. Freeman, m. e.. is in the

regulator department of tlie HL

Mueller ^Manufacturing company of

Decatur, Illinois.

Frank S. Luney, m. e., is with

the American steel and Wire com-

pany of DeKalb. His residence ad-

dress is 232 north Fourth street.

The address of Frank W. Pad-

field, e. e.. has been changed from

40Q West White street, Champaign,

Illinois, to 1 107 Franklin street,

Danville, Illinois.

The address of Ivan G. Harmon,

c. e., is 1431 California street. Den-

ver, Colorado.

Fred C. Taylor, c. e., '07, recently

with the Cowley Frog and Switch

Co., of Memphis, has just accepted

a position with the H. W. Johns

Manville Co., with headquarters at

St. Louis, Mo., and is to handle

material for cork and cold storage

insulation.

1908

J. B. Cabanis. c. e., may be ad-

dressed at 32^ Plymouth building,

Minneapolis. Minnesota.

The address of E. J. Bartell,

chem., is 1007 Hodge building,

Seattle, Washington.

T. R. Houser, c. e., has returned

to Porto Velho. Brazil, where he
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has an engineering position with the

Maderia-Mamore RailroadCompany

The address of F. L. Hanson, e.

e., is 434 Park street, Peterboro,

Ontario.

The address of J. M. Warner, c.

e., is 301 Slocum avenue, Syracuse,

New York.

R. M. Van Petten, c. e., has left

the employ of the Oregon Short

Line railroad and is now in the em-

ploy of the Utah Construction com-

pany, in charge of grading work

at Driggs, Idaho.

Harold H. Dunn, ry. e. e., is an

assistant in railway engineering at

the University.

W. E. Underwood, e. e., is em-

ployed with the National Electric

Lamp association of Cleveland, O.

1909

The address of Carl H. Hoge,

ry. e. e., is 1712 Summitt avenue,

Seattle, Washington.

The address of John J. Miller,

chem. e., is 1436 Neil avenue, Co-

lumbus, Ohio.

The address of E. H. Ashdown,

m. s. e., is 51 west ist street, Chicago

Heights, Illinois.

C. A. James, c. e., is located at

Danville, Illinois.

Walter C. Patton, m. e.. has re-

moved from Sedalia, Missouri, to

Excelsior Springs, Missouri.

K. H. Talbot, c. e., may be ad-

dressed care of the Universal Port-

land Cement company, Frick build-

ing, Pittsburgh. He is assistant

engineer in the information and in-

spection bureau.

Other '09 men with the Univer-

sal Portland company are C. E.

Powell, c. e., A. B. Becker, ex-'og

and Louis Buenger, ex-'og.

Charles S. Pope. e. e., recently

resigned his position as chief engi-

neer and designer of the Midland

Motor company at Moline, and has

taken a place as assistant order

foreman in the stationary gas en-

gine plant of Root and Van Der-

voort Engineering company of Mo-
line.

Albert Penn, e. e., may be ad-

dressed care of the Fort Wayne
Electric Works, 623 Marquette

Iniilding, Chicago.

Lion Gardiner, ni. e., E. C. Mc-
Millen, ni. e., and W. W. Reece, m.

e.. are in charge of the empJoyment

bureau of the Chicago Illini Club.

Information in regard to positions

li'ill be received and distributed by

them among the alumni. Their ad-

dress is 903 First National Bank
building, Chicago.

Henry Pollard, m. e., is superin-

tendent of the machine shop of Fi-

delity Brass Manufacturing com-

pany, 730-734 west Monroe street,

Chicago.

The address of J. J. Walledom,

c. e., has been changed from 6717

Perry Avenue, to 7943 south Eliz-

abeth street, Chicago.

The address of Sidney B. Wright,

m. e., is 1 109 east 62nd street, Chi-

cago.

The address of R. H. Arnold, e.

e., is 1602 Maumee avenue. Fort

Wayne, Indiana.

H. R. DeWitt, c. e., is assistant

division engineer of the central di-

vision of the Missouri-Pacific rail-

way. His address is box 411, Van
Buren, Arkansas.

H. A. McCrea, e. e., writes from

Schenectady that the Illinois alumni

connected with the General Electric

company joined the Purdue men in

a clam bake last summer, and main-

tained our supremacy over the

Hoosiers by beating them in a five-

inning game of baseball, score 8 to

5. McCrae's address is care of

Power and Mining Engineering De-
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partnient, (iciicral I-'lcctric company,

Schenectady.

Lion Gardiner, m, c, has been

elected treasurer of W. II. Zimmer-

man company, engineers and con-

structors. Chicago. W. W. Reese,

m. e., is with this company, and

recently completed three months'

power plant efficiency work at the

National Enameling and Stamping

company at Granite City.

Bruce L. Jones, m. s. e., is con-

structing engineer with Harris &
Dillavou, manufacturers of silos at

Champaign. His address is 1006

west Park avenue.

1910

E. D. Doyle, ry. e. e.. is employed

in the Technical Associated Elec-

tric Testing Laboratories. 556 east

80th street New York City. His

residence address is 257 west 129th

street.

Donald A. Pierce, e. e., is em-

ployed with the Public Service com-

pany of Northern Illinois. His ad-

dress is 230 north Genesee street,

Waukegan, Illinois.

The address of William A.

North, c. e., is 3880 Washington ave-

nue, St. Louis, Missouri.

N. W. Overstreet, a. e., is a mem-
ber of the firm of Overstreet and

Spencer, architects and engineers,

Seutter building, Jackson, Missis-

sippi

L. A. McElhiney, c. e., may be

addressed care of the assistant en-

gineer, Illinois Central railroad.

Fort Dodge, Iowa.

The address of O. F. Schulzke,

cheni., has been changed from 3877

Washington street, to 3866 Wash-
ington street, St. Louis, IMissouri.

Edson H. Stone, m. e., lives at

3483 Cornell Place, Cincinnati, Ohio.

The address of H A. Moore, e.

e., has been changed from 5809

Curtis street to 1686 east 86th street,

Cleveland, Ohio.

Omer Gaston, e.x-'io, is repre-

senting the George \\\ Stiles Con-

struction company, general contrac-

tors, 1036 The Rookery, Chicago.

H. E. Crossland, ry. e. e., is a

bridge inspector for the Illinois

Highway commission, with head-

quarters at 518 Hillsboro avenue,

Edwardsville.

George Harold Myrick, e. e., and

Hazel Lewis were married on May
15, 1912. at East Gary, Indiana.

Mr. Myrick is superintendent of

the Minellic Electric company of

Chicago. They will live at 1257

Congress street. Chicago.

1911

John Mench, e. e.. is employed

by the Chicago sanitary drainage

district.

Arthur L. Enger, e. e., has a po-

sition as assistant engineer in the

Arizona Agricultural Experiment

station at Tucson, x\rizona.

Albert Frank Westlund, m. e.,

and Nella Walsh were married on

September 18, 1912, at ^^It. Zion, Il-

linois. Mr. \\'estlund is in the em-

ploy of the Illinois Steel company

at Chicago. He was editor-in-chief

of The Technograph, 1910-11

.A. R. Anderson, e. e., after a

year of graduate work in electrical

engineering, entered the employ of

the Jeffrey Manufacturing company,

Columbus. Ohio, late in July. His

address is 380 Alden avenue.

The address of Earl K. Burton,

c. e.. has been changed from 5098

A Fairmount avenue, to 925 Beach

avenue, St. Louis, Missouri.

The address of Charles A. Carl-

son, m. e.. has been changed from

1717 Sixth avenue, to 1532 Eleventh

avenue. Moline, Illinois.

C. S. Huntington, m. e., is with
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the Johns-Manville company, 92

Arthur street, Winnipeg, Canada.

E. B. Van de Greyn, m. s. e., is

with Waddell and Harrington, nth

and St. Paul avenue, Tacoma,

Washington.

The address of R. W. Leutwiler,

m. e., is 840 Barry avenue, Chicago.

The address of Fred Benton, ry.

c. e., is 1524 east 6ist street, Chi-

cago.

E. F. Blakeslee, m. s. e., is with

Stone and Webster, at Keokuk,

Iowa.

The address of J. VanDervoort,

c e., is changed to 5098 A Fair-

mount avenue, St. Louis, Missouri.

He is with the Unit Construction

company, 801 Liggett building.

W. A. Wallice, m. e., is connected

with the American Creosoting com-

pany at Hugo, Oklahoma.

F. J. Gray, e. e., and O. E. Grigs-

by, e. e., have entered the testing

department of the General Electric

Company at Schenectady, New
York, after a year of graduate work

in electrical engineering.

D. R. Lagerstrom, e. e., is now as-

sistant head of induction motor

test in the Schenectady works of

the General EJectric company.

E. M. Jasper, e. e., left the Wes-

tinghouse Electric and Manufactur-

ing company last fall to go into

business with his father in Newton,

Illinois. He was married April 30,

1912.

C. E. Anderson, e. e., after a year

of graduate work in electrical engi-

neering, entered the commercial de-

partment of the General Electric

lamp works at Harrison, New Jer-

sey, on September i.

C. T. Anderson, e. e., and C. D.

Black, e. e., after a year of graduate

work in electrical engineering, be-

gan their duties in the research lab-

oratories of the General Electric

company at Pittsfield, Massachu-

setts, during the summer. Their

address is 33 Dalton, Pittsfield, Mas-

sachusetts.

E. E. Boone, e. e., has recently

entered the commercial course of

the Westinghouse Electric and Man-

ufacturing company, East Pitts-

burgh, Pennsylvania.

1912

The address of C. B. Thvedt, e.

e., is 218 Clayton street, Waukegan,

Illinois.

Frank Wilson, e. e., has a posi-

tion in the lamp department of the

General Electric Company at New-

ark, New Jersey.

Frank Spencer Kailer, e. e., has

taken a position with the American

Telephone company at New York

City.

Harry F. Glair, m. e., is employed

as an engineer with Curtis and com-

pany, of St. Louis.

Otis B. Dorsey, e. e.. has a posi-

tion with the General Electric com-

pany at Newark, New Jersey.

Harold A. Otis, e. e., is an elec-

trical engineer for the Metropolitan

Elevated Railroad, in Chicago.

Victor A. Mathis, ry. m. e., is

employed by the Pittsburgh and

Lake Erie railroad in the motive

power department at Pittsburgh,

Pennsylvania.

Leo V. Schunder, e. e.. is em-

ployed as an electrical engineer with

the Western Union Telegraph com-

pany in New York City.

Chas. K. Hewes, chem. e., is an

assistant in chemistry at the Univer-

sity.

John E. Wright, e. e.. is with the

contract department of the Com-

monwealth Edison company of Chi-

cago.

H. E. Marquette, ry. m. e., has a

position with the Santa Fe Railroad
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company at San Bernardino, Cali-

fornia.

W. W. Manspeaker, c. e., has

taken a position as draftsman for

the IlHnois Traction System at De-

catur, Illinois.

L. L. Powell, c. e., is employed
as civil engineer in the Chicago of-

fice of the Illinois Central Railroad

company.

C. A. Klooster, a. e., is superin-

tendent of construction in the build-

ing of a large sugar refinery in

Pekin, Illinois.

Fred D. Hull, e. e.. is a telephone

engineer for the Western Electric

company at Hawthorne, Illinois.

Donald E. Buyers, m. e., is work-
ing at the coke plant of the Indi-

ana Steel plant at Gary, Indiana.

Harry F. Geist, e. e., has taken

a position with the testing depart-

ment of the Western Electric com-
pany of Pittsburgh.

F. AI. Xourse, e. e., is a contract

agent for the Illinois Utilities com-
pany at Mendota, Illinois.

C. \V. Fick, e. e., has taken a po-

sition with the Chicago Telephone

company at Chicago.

Charles Gordon, ry. e. e., is em-
ployed as testing engineer for the

Chicago Raihvay company.

Guy G. Alills, c. e., has a position

as draftsman for the American
Bridge company at Toledo, Ohio.

G. \\'. Philleo, m. e., is superin-

tendent of motive power of the

Arkansas Valley Smelter at Lead-
ville. Colorado.

Claude Van Gundy, e. e., is em-
ployed with the National Electric

Lamp association of Cleveland,

Ohio.

Frank E. Gooding, m. e., is as-

sistant chemist for the People's Gas
Light and Coke company. His ad-

dress is 4008 Clarendon avenue,

Chicago, Illinois.

E. B. Stiles, c. e., is doing con-

crete work for the Illinois Central

railroad. His address is Box 100

West, Mississippi.

F. W. Mohlman, chem., is chemist

at the State Water Survey office

at the University.

L. L. Powell, c. e., is working as

civil engineer for the Illinois Cen-

tral in the Chicago office.

Alexander \\'. Erskin, c. e., is in-

strument man with the Chicago and

Northwestern railroad.

Charles Bremner, c. e., is in the

employ of the Marquette Construc-

tion company, Chicago. His address

is T,j north Madison avenue.

John Francis Siefried, c. e., is

with the Chicago, Alilwaukee and

Si. Paul at Cambridge, Iowa.

S. L. Miller, s. m. e., who was

with the State Highway Commission

on road construction during the

summer, is now with Dabney H.

Maury, Chicago, consulting engi-

neer on water works construction.

John W. Davis, c. e., assistant

foreman with the Federal Creosot-

ing company, Paterson, New Jer-

sey, resides at 19 Church street, Pat-

erson.

Paul Kircher, c. e., has been trav-

elling in Europe during the summer.

He expects to take up graduate

work in Berlin.

F. G. Gordon, m. s. e., has been

transferred from Peoria to the Chi-

cago office of Dabney H. Maury,

Monadnock block, Chicago.

C. I. Haven, m. s. e., is on the en-

gineering corps of the city of Bal-

timore in connection with large

sewer construction.

W. C. Lorenzen, m. s. e., is with

Chester and Fleming, consulting en-

gineers, Pittsburgh, a firm which is

handling a large amount of filter

work and other water works con-

struction.
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A. L. Israel, chem., is at the

chemical laboratory of Armour
and company, at Union Stock

Yards, Chicago.

P. E. Johnson, chem., is in the

testing department of the Frisco

road. His address is 2209 Pine

street, St. Louis, Missouri.

H. P. McGregor, chem. e., is in

the laboratory of Marriner and

Hoskins, in west Monroe street,

Chicago.

R. I. Quinn, chem. e., is with the

Morrison company, Union Stock

Yards, Chicago.

C. Rascher, chem. e., is with the

Abbott Alkaloidal company in Chi-

cago.

F. C. McNary, c. e., is with the

street railway at Duluth, Minnesota.

H. T. Leo, chem., is employed by

the Pullman-Leo Fruit Product

company at Pullman, Washington.

G. E. Warren, H. F. Wagner, and

L. M. Fisher are in Baltimore,

Maryland, on the construction of a

sewer system.

J. W. Davis, c. e., is employed

by the American Creosoting com-

pany, Paterson, New Jersey.

H. J. Leviton, ex-'i2, is with the

United States Engineering depart-

ment at Kansas City, Missouri.

D. B. Maver, c. e., masonry in-

spector for the Illinois Central
railroad, is at 151 1 65th Place, Chi-
cago.

Robert H. Nau, c. e., is employed
by the Smoke Abatement and Elec-

trification committee, Chicago. His
address is 1212 south 5th avenue,

Alaywood, Illinois.

Oscar Bulkeley, c. e., is with the

Water Company of Rockford, Illi-

nois.

Alexander Erskine, c. e., is work-
ing for the Chicago and Northwes-
tern railroad on ballast track ele-

vation.

W. R. Mclntire, c. e., is with D.

H. Burnham and company, archi-

tects, Chicago, as assistant superin-

tendent in the sinking of caissons

for a new building on La Salle and
Madison streets, Chicago.

G. A. Harnack, c. e., is in the

sales department of the Universal

Portland Cement company, Chicago.



RESEARCH WORK
"THE COKING OF COAL AT LOW TEMPERATURES WITH

A PRELLMIXARV STUDY OF THE BY-PRODUCTS", by S. W. Parr

and H. L. Olin, has just been issued as Bulletin No. 60 of the Engineering

Experiment Station of the University of Illinois. Price, Twenty-five cents.

This bulletin gives details of experiments in the carbonization of coal

at relatively low temperatures, not exceeding 750 degrees F. The studies

indicate that the bituminous matter in Illinois coals is in excess of the

amount necessary to produce bounding materials for the non-coking or

cellulose residuum of the coal and that the best cokes are produced when

mixtures of fresh coal and non-coking coal materials, such as coke breeze

or powdered anthracite, are used. The tests show that the by-products

consist of a gas of high illuminating power and heat value (1030 B t. u.),

and tarry material which consist in the main of oils of low viscosity having

marked oxygen-absorbing properties.

In a very important aspect, this work constitutes a study in smoke pre-

vention from a chemical rather than a mechanical standpoint, and the

results show that bituminous coal in a form for combustion without smoke

is at least a theoretical possibility. An interesting feature of the work is

the information it affords as to the theory of the coking of coal. The

summary touching this point concludes, that "for the formation of coke

there must be present certain bodies which have a rather definite melting

point" and further that "the temperature at which decomposition and car-

bonization take place must be above the melting point".

Copies of Bulletin No. 60 may be obtained upon application to

W. F. M. Goss

Director of the Engineering Experiment Station

University of Illinois, Urbana, Illinois.
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Pumping Back Tests

on Synchronous Converters
The three large converters here shown are running together for a pumping back test on the

two 2000 kilowatt converters at the right. The losses are supplied by the smaller machine at the

left, running on a direct current supply circuit.

The two machines under test are connected together on both the A. C. and D. C. sides and

the load is regulated by boosting the A. C. voltage of one machine with an induction regulator

until the desired current flows around the two armatures.

AVhen the photograph was taken the machines were ready to be connected together on the

D. C. side. The man at the switch is checking the voltage across the switch to be sure that the

voltage of the two machines is the same, before connecting them together.

The testing of these machines, and of all other apparatus made at the Schenectady and

Pittsfield Works of the General Electric Company, is done by student Engineers, These

students wire up the machines and run the tests, and are responsible for the safety of the ma-
chines during the tests. Engineering students, who desire a year or so of this experience after

graduation, may write to Mr. G. H. Pfeiff, Secretary Students' Committee, General Electric

Company, Schenectady, New York.

General Electric Company
Largest Electrical Manufacturer in the World

General Office, Schenectady, N. Y. Sales Offices in forty-eight cities

3833
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TRAINING ENGINEERS IN THE SCIENCE OF MAN-
AGEMENT

BRUCE W. BENEDICT, B. S.,

Director Shop Laboratories

With the passing of the nineteenth century the frontier of our

country—that typical feature of our national life—disappeared

in a great wave of expansion, and the material conquest of

America was complete. Approaching so gradually this change

in the physical structure of our country passed almost unnoticed

in the march of seemingly greater events, yet it presaged a trans-

formation in national life of tremendous significance.

The pioneer is a prodigal. Surrounded with abundance to

support life and the lavish gifts of a virgin country, he has little

cause to give heed to immediate personal demands. The bountiful

harvest of nature untouched b}- the hand of man seems boundless

and the requirements of future generations remote. We have

within the memory of this generation heard of our inexhaustible

resources in forests, coal, ores and oil, yet now we know there are

well defined limits to all of these.

The indomitable purpose which led the Pilgrim fathers to these

shores and drove them and their descendants to transform an un-

known wilderness into a great nation within the short space of

time covered by less than three centuries, has left the distin-

guishing mark of the pioneer spirit upon us as a people. Amer-

icans are essentially pioneers ; in thought and in act. Com-

bined with the hardy traits of character are also the habits of

wastefulness. The spirit which led to an immoderate exploita-

tion of our resources has likewise built up great industries with

tragic disregard for human life. Extravagance in the use of

natural resources, great as it has been, is not com]:)arable with

the greater wastes in the utilization of labor. While wasteful-
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ness is still a typical national trait, tlie frontier has passed and

with it those misconceptions of the pioneer regarding the extent

of our material possessions and wealth. Conservation is taking

the place of reckless waste, a stirring conscience awakening to

responsibilities in safeguarding human life, and an enlightened

intelligence aroused to the necessities of conserving labor.

The magnitude of industrial development in America during

the nineteenth century gave the distinguishing mark to this

j)eriod in the histc^ry of the world. From the bare land a myriad

of industrial centers arose almost by magic. Production in-

creased by leaps and bounds but ever lagged behind demand. In

this industrial i)eriod when every resource was strained to the

utmost to meet the requirements of colonization and internal

growth, the cost of output and conditions surrounding the worker

of necessity received but little or no consideration. Local excep-

tions where tlie economic and social features of industry received

their share of attention serve through contrast to illustrate more

forcibly the general conditions that prevailed. Production was

the governing factor in this era and it was achieved under a re-

gime of wastefulness characteristic of the pioneer.

This period of industrial expansion witnessed a remarkable

development in labor saving and automatic machinery. While

supplanting the worker in certain ()ccu])ations, machine pro-

cesses opened a vast field of opportunity which otherwise would

have remained untouched and ])erhaps unknown. Machinery

does not lessen the sum total of labor but multiplies it many fold.

This industrial period so rich in material accomplishment sh(^ws

from our superior point of observation a strange and incon-

sistent development. On one hand we see perfection of machin-

ery and creative processes of highest efficiency ; on the other.

the unsolved problems of labor and the enormous losses through

waste in human elTort. From a lack of standards and fundamen-

tal data the extent of these losses and their relation to national

wealth have not heretofore been fully realized. lUit under the

searching inquiry of the modern industrial s])irit. the true mean-

ing of inetticiency in the utilization of labor assumes a new sig-

nificance and a place among the larger problems of the nation.

That we are entering on an era of industrial readjustment in

which old time methods of employing labor will give way to more

effective and scientific methods, there is no question. Sul)sti-

tution of the new for the old has alread\' bes^un, and "seientific
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management" is perhaps the most widely discussed topic of the

time. Since the day Brandeis made the sensational statement

that the railroads did not need higher rates for service, but

greater efficiency of management for maintaining revenues un-

der more rigorous operating conditions than formerly, the

country has teemed with thought and discussion about the latest

phase of industrial development. Naturally much of that said

and written was based on misconception arising from superficial

knowledge. To organized labor and its sympathizers, scientific

management appeared as a menace to individual welfare and

liberty. We hear the worker was to be turned into a human

treadmill and "speeded up"' beyond the limits of flesh and blood.

In fact one writer of prominence declared a new race would be

needed to stand the pace required in the new order of things.

At the other extreme a certain portion of society could see

in scientific management the panacea for all the ills that afllict

the industrial structure of the nation.

Science is "knowledge gained and verified by exact observation

and correct thinking", x^pplying scientific efifort to industrial

management is a process with three logical steps ; first, deter-

mination of present practice ; second, development of the most

efficient practice, and third, the direct application of the in-

formation thus obtained to secure effective operation without

losses and waste. Or as the authors of the Principles of Man-

agement, tersely state (a) the systematic use of experience (b)

the economic control of effort (c) the promotion of personal ef-

fectiveness. The lirst step presumes the use of scientific study

of existing knowledge and experience, and compilation of records

showing exact conditions. The second step includes the scien-

tific treatment of the problem as revealed by the preceding inves-

tigation by co-ordinating the executive and producing labor, and

developing the most efficient methods of management and pro-

duction. The last step is the attainment in actual practice of the

scientific standards covering executive and i)roductive effort

which have been determined upon, by promoting personal effi-

ciency through adequate rewards for service, conserving mental

and physical health and establishing just relations between em-

ployer and employee.

In the early days when industries were small the proprietor

or owner personally directed his men. He knew from personal

contact their moral and intellectual characteristics. Management
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under such circumstances was a simple thing and frequently it

was efficient. With the c^rowth of industries having a few men to

organizations with hundreds and thousands the relations of the

executive and worker underwent a material change. From a per-

sonal acquaintance of the executive, the worker became an im-

personal unit, l)Oth ph}'sically and mentally. The old methods of

personal direction would no longer a])i)ly under such conditions

as these, and we see various forms of organizations coming into

being as the size and nature of the industry demanded. While

different in conception and detail, these organizations had one

feature in common—all were impersonal. The executive did not

know his workmen, nor the workmen their executive. The strong

bond of s\m])athetic co-operation between employer and em-

ployed, so prominent a feature of the small organization, was

from physical if not for other reasons denied the large organi-

zation. As a result the mental attitude of the executive and

producing elements underwent a change. Common interests

gave way to local interests. Apathy took the place of enthusiasm.

With the incentive for personal co-operation absent, the workman

was content to sell his time rather than his effort. The employer

was equally content to buy this time at the lowest price it could

be obtained. Exchanging time and compensation on this basis

served to destroy the initiative of labor and remove from in-

dustrial organization its most essential element. There could be

but one result. Labor became increasingly inefficient. Waste is

the chief product of inefficiency. Lack of standards for purposes

of measuring or even identifying these wastes did not exist,

neither had the executive acquired that vital mental attitude to-

ward labor whicli was indis]')ensal)le in tlie solution of its prob-

lems.

From the general t)pinion of organized labor on the scientific

management, to which reference has been made, the belief might

arise that the aim of the new movement was to drive the workman

to a harder task at the same or lower wage. The reverse is true.

Modern management owes its origin to a recognition of the

fact that "all misdirected effort is simply loss and must be

borne either by the employer or employee". The aim is to turn

misdirected into i)roductive effort. In the practical attainment of

this, a wise and humane policy toward the workman is contem-

plated. I^conomy and not ]ihilanthropy decrees the worker must

be physically and mentally ht. properly trained in the functions
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required to perform, and rewarded according to productive

effort. The responsibility for misdirected effort belongs upon the

executive, not upon the workman, and the new activities of the

former are those most eff'ected in the new order of things. As
stated in a report of the committee on the art of Industrial

Management before the American Society of Mechanical Engi-

neers, "The usual conception of modern management is that it

affects the workmen most of all, tending to stimulate them to

their possible hurt. This is wrong. If the principles outlined

are followed, the executive or non-producing labor is the most

affected. Its individuals are compelled to study, plan and direct.

They must acquire knowledge and skill in order to transfer it.

It is a system of management that forces the executives to

manage."

Industrial management of the future will be controlled by

scientific principles. Mathematical treatment of material prob-

lems has been the rule for ages. Engineers are trained to use

the forces and products of nature according to scientifically de-

termined laws. Experts on all matters but labor are common to

commercial organizations. Rut where are the labor experts,

equipped with the necessary fundamental training and experience

to solve as scientists the problems of labor? The past did not

produce them but the future will and in constantly growing

numbers. The engineering ranks will be drawn upon heavily.

From the nature of the requirements the trained engineer is

particularly fitted to apply scientific effort to management. The
relation of the engineer to the practice of management is better

appreciated with the acquisition of experience. A certain ele-

ment of mystery has already departed. Labor saving management
is a term coming into use as more expressive of the functions

of the movement. Applying scientific methods to management

involves the same processes as employed in physics or other

sciences. Quoting again from the Committee report previously

referred to: "The methods used are adopted from the research

laboratory. But the purpose of their use is changed. The scien-

tific investigator uses his laboratory to discover facts. Their dis-

covery and declaration is his end and aim. The management

investigator uses laboratory methods to discover facts for im-

mediate use. The end and aim is utility."

It is clear the engineer of today has added responsibilities,

and new problems to face. Industry is demanding engineers
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with special training in the science of management and educators

everywhere are discussing and making plans to provide this

training. It would seem that a new engineering was in the pro-

cess of development. Reorganization of the courses in shop prac-

tice as generally administered, is held hy educators to be essen-

tial for reasons clearly expressed by Dean W. F. M. Goss in a

recent paper. Administration of College Shop Laboratories, as

follows: '"A deiuand has developed for men possessing other

characteristics—the characteristics of the well trained theorist

and analyst—for men who understand the principles under-

lying the work oi the mechanic and who through the application

of these princii)les can aid in a large way in increasing the ef-

ficiency of the establishment they serve. The people contributing

to the support of the technical schools no longer require the

activities of the shop laboratory to convince them of the value

of the engineer's training, for they see in the work of men who
control the engineering activities which are going around all

about them, a better and a broader definition of the true func-

tions of the engineer." In this conception college shops move

on to a new field of usefulness becoming laboratories for train-

ing in the science of management with skill in manipulation of

tools of secondary importance. Manual training is supplanted

by mental training.

In the courses in labor-saving management at the L'niversitv

of Illinois the presentation of underlying principles co-ordinate

closely with laboratory work. It is aimed to make the laboratory

a demonstration ground where the theories advanced in the

lecture room are carried out in actual practice. \\'ith this inti-

mate relationship between lecture room and laboratory, the

training ajiproaches that given in all sciences. In this article

attention will be confined to the laboratory portion of the courses

and its most important features briefly outlined. In arranging

the laboratory work it was assumed the science of management

would he most efiectively illustrated by creating conditions in

the laboratory similar to actual conditions in industrial plants,

producing a situation requiring real functions of management.

The Shop Laboratories with its five departments becomes under

this policy a single jiroducing unit with an organization and

manufacturing facilities similar to a cc^mmercial enteri)rise. The
motive however is not commercial, and ])roduction is not the

prime object. Production as the visible results of management
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is considered essential for the opportunity it presents for mental

development. It is sought for this reason. Efficiency of man-

agement is definitely expressed in the amount and cost of pro-

duction, ^lental activity controls the quality of management.

Production therefore is not only a measure of but an incentive

for the attainment of personal effectiveness.

In operating the Shop Laboratories as a producing unit a

wide range of training in the various activities of shop operation

and management is given in manufacturing processes, handling

of material, maintenance of plant, the manufacture of standard

products and the regular shop problems arising in connection

therewith constitute a real l)ackgromid for real management.

Board of Directors
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personnel of the organization and tlie specialized functions of the

individual units are as follows

:

Hoard of Directors. Composed of i'rofessor of Mechanical

Engineering, Director and instructors of Shop Laboratories,

and student engineers who compose the operating staff. Board

meets once a month to outline and ap]jrove plans for efficient

operation of the plant and receive reports from general o])erat-

ing engineer on operations for previous month.

(leneral ( )perating Engineer. Upperclass students specializing

in shop management, holding the position in rotation. The chief

executive officer and works manager with absolute authority over

operations of jdant, working of course under the direction and

leadershi]) of the Director and instructors of the Sliop Lal)ora-

tories.

Chief Production Engineer. Upperclass students specializing

in sho]) management or sophomores taking M. E. 42 who have

shown special aptitude for organization, holding the position

for a period of time in rotation. In charge of shop production

with supervision over the labor engaged in producing the pro-

duct of the plant. Has staff of five production engineers, one

in each department. The special function of this staff is to

obtain maximum output with a minimum expenditure of time, ef-

fort and cost. The plant is assumed to be kept in a state of

highest efficiency by the engineers composing the general oper-

ating staff so the attainment of this ideal condition is a possibility.

Sales Engineer. Upperclass students or sophomores holding

the position in rotation, assigned to this duty according to general

qualifications and interest displayed. Selection of the remain-

ing staff engineers will also be made on this basis. Sales engi-

neer in charge of disposal of product, advertising and general

publicitv matters. Correspondence and editorial work in con-

nection with these duties to be a feature of the training received.

Designing Engineer. Has supervision over designs of regular

shop ])roducts and articles manufactured in the laboratories.

Provided with corps of assistants for drafting, blue ])rinting, etc.

Work Schedule Engineer. Directs the preparation of work

schedules and instruction cards wliicli embraces determination

of the most efficient production methods, the making of time

studies of shop operations, and establishment of standard time

for same. lias a cor])s of assistants for carrying on this service

simultaneously in all departments.

Experimental Engineer. In charge of testing the shop pro-
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ducts and such shop tests as are necessary for keeping the plant

up to a state of efficiency. As the main product of the labora-

tories at present is gas engines, tests of these on the testing

rack will develop upon the experimental engineer and his as-

sistants before the same are finished and sold.

Material Engineer. Has supervision over receipt, custody and

delivery of all material and supplies used in shop products and

maintenance of plant. Makes purchases of same under general

instructions of the Director. Assisted by a corps of material,

stores and shipping assistants.

ExecuTfre CoirtixiL. »Miapfmiio.
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Fig. 2.—Diagram showing departmental organization of the general operating

staff with corps of assistants in each of the five departments.

Accounting Engineer. Directs the accounting and auditing

of all shop records and the keeping of inventory of the plant.

Has corps of assistants who keep the time and cost records of

all departments.

Mechanical Engineer. Has supervision over the mechanical

efficiency of the plant including maintenance, repairs and general

condition of facilities, machinery, belting, tools and devices.

The attainment of efficiency in the operation of the plant is

insured by organizing the staff of operating engineers so that the

functions of each will be performed effectively and in harmonv
with the work of the others. Figure 2 shows in chart form

the operating organization and the channels through which the
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functions of the various enji^ineers are extended over all de-

l)artnients.

I'he interrelated functions of the en.i^ineers on the general

staff when the plant is in operation is shown diagrammatically in

I'^igure 3. The chart al^o indicates the schedule which one of the

standard products moves through the various i)rocesses from the

time of order until (leli\ery. The official order originates in the

hoard of directors and is passed to the general o])erating engi-

neer who arranges the jjreliminary details and issues an official

order to the designing engineer and chief production engineer.

The former proceeds immediately with the designs and specifi-

cations and after receiving the api)roval of the general operating

engineer forwards the drawings to the chief production engineer.

The latter then arranges a manufacturing schedule, copies of

which are furnished the production engineers in the various

departments, the material engineer and work schedule engineer.

This schedule gives in detail a j^rogram for each department

and the delivery dates when the product is to move from one de-

l)artment to another. The pr(Kluction engineers proceed at once

to set the wheels of industry in motion and the material engineer

to order and distribute the necessary material and supplies.

.Meanwhile the work schedule engineer is preparing time sched-

ules antl instruction cards covering the shop operations. After

leaving the assembling department the product j^asses to the

experimental engineer who makes the required tests and re-

ports on its condition and fitness. The finishing touches are then

applied and the product re])orted to the material engineer for

shipment. Upon delivery the sales department presents an in-

voice to the buyer and later receives all moneys accruing from

such sales. The financial balances and all operation reports are

sent direct to the general operating engineer who arranges them

in statement form and i)resents same as a report of operations to

the Board on the following meeting.

In jjcrforming the various functions of the engineers compos-

ing the oi)erating statt. the indixidual will receive real training in

a real problem, b^rom the time of order to the delivery of pro-

duct the most efficient methods of shop management will be

employed with the object of producing without losses and waste.

The lesson is not production for production's sake, but the under-

lying principles of management as manifested through pro-

duction for the development of that mental attitude and balance

which engineers, to be successful, must have.
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l'"c\\ ])t.'(i]>lc, IK it directly connected witli tlie I'^lectrical lingi-

neerini,' department, realize that the I^lectrical Show is one of

the most eti'ective advertising mediums for the imiversity.

Several of the men who attended the show given in 1910.

said that they heard of the L'niversity of Illinois for the first time

through the Electric Show. Since the present show has been

under way. several of the students have received letters from

friends on both coasts, who have had their attention called to

Illinois by show advertising.

Xot only has the show been well advertised, but the engineer-

ing and business departments have provided exhibits wdiich will

make it a decided success. In laying out the various features, it

has been constantly borne in mind that large crowds must be han-

dled, and all the exhibits have been arranged in a manner which

w ill give every one a chance to see all the show with the minimum

of personal exertion. It is not to be a show for the technically

trained alone, although such will find that ample provision has

])een made for their entertainment and instruction.

It is frequently charged that engineering students are so

steeped in cold realities that they have no taste for form and color.

One glance at the transformation which has been made in the

aspect of the main laboratory, will convince the most skeptical

that engineers are not lacking in an appreciation of the graceful

and harmonious.

The whole ceiling is beautifully festooned, and the usual bare

appearance of rows of generators and motors is completely

changed by the construction of seven uniform booths of unique

design. Each booth is supported by four large pillars surmounted

with opalescent balls containing tungsten lamps, while its ceil-

ing is studded with nine tungstens. These, together with the

lamps on the ceiling of the room, lend a pleasing brilliancy to the

scene.

The attractions in this room are of a somewhat miscellaneous

character, and can not be fully described here, but a few are

worthy of special mention.

In the northeast corner is heard the crash of a high power

wireless sending station. The waves from this sender can easily
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be picked up by stations within a radius of five hundred miles.

Part of this apparatus is the loan of the Physics department,

but most of it has been constructed by students of Electrical

Engineering. In the opposite corner is a very complete exhibit

of electrical measuring instruments, donated by the Sangamo
Meter Co., of Springfield, 111. At this booth, any one desiring

to learn how to read his own house meter will be given com-

plete instruction.

Beside this booth there will be a complete gasoline engine

outfit for farm lighting. This is exhibited by courtesy of Fair-

banks Morse and Co. There will be an attendant at this exhibit

who will explain the simplicity of such an installation, and an-

swer any questions which may be asked concerning the operation

of stations of this kind.

Any one interested in modern steel apparatus or motor con-

trol will be given an opportunity to inspect a late type of auto-

matic controller, as manufactured by the Electric Controller

and Manufacturing Co.

This controller will be in operation, showing clearly the ad-

vantages gained by such an installation. It will be demonstrated

on automatic acceleration, current limit, no voltage protection,

overload circuit breaker protection, and dynamic breaking. The

dynamic breaking will probably be the most interesting feature,

as by this means the motor may be stopped in a very short time,

regardless of operating conditions, without the aid of any me-

chanical brake or with damage to the motor. The motor may
be reversed by simply throwing the controller from the forward

to the reverse position, since the starter is entirely automatic in

its action. This makes it safe to put in the hands of the most

careless workmen. Another interesting device is an automatic

starter to be attached to motors used to drive air compressors

or water pumps. The motor is automatically started when the

pressure falls to a predetermined point, and runs until the pressure

reaches the desired value.

In the center of the room is a unique clock. It contains only

one wheel, has neither pendulum, springs, nor any method of ad-

justment and may still be depended on for perfect accuracy at

any pressure or temperature. It is the only one of the kind ever

made, since it was devised by Illinois students and constructed

in our own shops.

The large amount of l)unting used in decorating necessitated
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the most careful preparation for the ])revcntion of fire, and the

immediate c|uenchin_c^ of any httle hlaze which may start. A well

organizeil and drilled s(|ua(l of tire marshals will he on duty,

not onl\- to put out tires, hut to <|Uell any ])anic.

The exhihit in the hall just hack of the main lahoratory is

lig'hted hv a (|uartz lamp which is a new ])roduct of the Cooper

Ilewit factory. Ilere will he exhihited the new 200,000 volt

100 k. w. transft)rmer which has just heen installed. All of the

work cd' installini^ and testing this machine has heen done hy

students. Should -awx central station manager or manufacturer

wish a hreakdown test on some particular insulator, the men

in charge of this exhihit will perform the test as a portion of the

demonstration.

Further down the hall will he found a complete electric kitchen,

equij:)ped with every known electrical device used in the culinary

art. A hevy of fair "coeds" will preside over these for the

delectation of any hungry memljers of the crowd. Any such will

be attracted hy the charming cafe at the end of the hall, where

the eatahles, prepared in the kitchen, will be served.

In the center of the cafe an artistic fountain will play, mingling

its streams of water and spray with a flood of vari-colored lights,

and will be surrounded by a bank of luxuriant palms. ( )n each

of the several tables will he an art lamp, which, together with

the light from the fountain will he the only illuminatiiMi in the

room.

A comi)rehensive exhibit of all forms t)f electrical apjjaratus

for domestic use will he shown, ranging from electricity driven

washing machines to electrically heated curling irons and shav-

ing mugs. Well informed attendants will explain the operation

of each machine to those interested, and can give the cost for

current to operate them.

Just outside the north door the "Test Car'" will be found wait-

ing to take a ])arty over to the power house. Here the several

ty])es of reciprocating engines and turbines, used to drive the

generators, will be fully explained. The operation of the switch-

board will he made a feature of the inspection. Returning from

the power plant the company will be treated to a program of

magnetic and electrical freaks and fakes which they will never

forget. Some will be mirth provoking, some mystifying, and all

interesting and instructive. The demonstrat<M-s here are not
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bound to tell the absolute truth, nor is any one expected to believe

all which he may see.

' To offset this frivolity, the next important attraction will be

an exhibition of the very practical training which every Illinois

graduate in electrical engineering receives in "tirst aid" to

those injured by electrical shock.

We read much these days of protecting the movement of trains

by means of automatic electric signals, but common as these

are. few persons not in railroad work, know any thing about their

operation. A comi)lete minature railroad system, operating sev-

eral trains will demonstrate clearly how effective block signals

are in preventing accidents.

Down stairs there will be exhibits of both resistance and arc

type electric furnaces in operation, an electric welding machine,

X-Ray, static discharge, and high voltage break-down tests.

The high frequency exhibit will be one of the most complete ex-

hibits ever given at any electric show. It will comprise two and

possibly three distinct sets of apparatus. One small set will be

about 500 watts capacity and may safely be used in demon-

strating the physiological effects of high frequency current. The
larger set has been built in the electrical laboratory especially for

the show. It was designed by a graduate student of the depart-

ment, and has been constructed by students. It will have a ca-

pacity of 10 k. w. which is the largest machine of this kind which

has ever been built. The primary is supplied with current at a

potential of 100,000 volts and the secondary will deliver it at

a potential of from 3,000,000 to 5.000,000 volts at a frequency

of 1,000,000 cycles. The current generated by this apparatus

produces many strange results which are not observed with

currents at ordinary frequencies. At this high frequency the cur-

rent flows almost entirely on the surface of the conductor, so that

sufficient current may readily be passed through the human body

to light ordinary incandescent lamps, kindle gun powder, paper,

etc., without any inconvenience. At this high voltage, vicious

arcs over thirty inches long may easily be drawn. Corona ef-

fects are very pronounced. IHue flames shoot out into the

air from a ball connected to the coil and an intense electric field

exist all around so that without any connection whatever, (ieissler

tubes ma}' be made to glow when brought in the vicinity. So far

no practical use has been found for such current, except in
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thera])cutics, where g(H)d results are claimed for tliem in the

treatment of certain diseases.

The (le])artment's stora,<,a' hattery of sixty cells and 240 ampere

hours, to<jether with the niercur\- arc rectifier, will he o])en to

inspection.

The oscilloj^raph is an instrument which is little known out-

side the electrical eno-ineerini^ profession, hut it is so interesting

and useful that the puhlic will he given the rare oj^portunity of

seeing it in operation. During the show it will he used to throw

the exact form of an electric wave on the screen. It is hy the

use of this instrument that such men as Doctor Steinmetz have

heen ahle to prove their mathematical theories, and compel nature

to give up such secrets as just exactly what happens during the

hrst or the millionth of a second after the closing of a switch

in an electrical circuit. Illinois is the possessor of three such

instruments. The students here do more work with tliem than

is done at any other technical school. The lecture here will ex-

plain the nature of alternating current in a manner which will

make it understandahle to all.

( )n the second iioor a rest room is provided, where the only

illumination is from Cooper Hewitt orthochromatic lamps. The

light is a comhination of mercury vapor and tungsten which

is more nearly the ec|uivalent of sun light than an\- other arti-

ficial illuminant.

The telephone and telegraph exhihits will he arranged to par-

ticularly interest the non-technical visitors. The methods of

switching by automatic, manually operated central energy, and

magnetic exchanges will l)e demonstrated and explained. The

military department has loaned a field telegraph outfit, and mem-

bers of the signal cor]is will demonstrate how t|uickly a line may

be established and a message sent.

Those interested in illumination will find a novel exhibit ar-

ranged to show the efifect of the light from variiuis forms of

electric lamjxs on the ai)])earance of the colors of fabrics. Those

in charge of this cxhi])it will be prepared to answer questions

concerning the choice of lamps for certain uses.

The Physics department has been very generous in the loan of

apparatus. .Xn example of this is the photometry room filled with

an exhibit of Geissler tubes. One tube, especially prepared for

this show 1)\' Doctor Kni])]). containing powdered willomite and
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other chemicals will yield especially beautiful effects. The mer-

cury still will also be an unusual sight.

For those not interested in the exhibits so far described, a dem-

onstration of black art and magic will be put on by the students.

Though the telautograph is not a part of this exhibit, its opera-

tion looks sufficiently mysterious to warrant such a combination.

By means of this instrument it is as easy to transmit a written

message as one which is spoken. The operator writes in the

usual way with a pencil to which is attached two very light,

freely moving arms. At the other end of the line the pencil of

the receiving instrument is driven by two similiar arms which

execute motion identical with those of the sending station. As a

result the original writing is exactl}' duplicated.

\Miile both local concerns and large manufacturers have fur-

nished many exhibits complete, much work has been done by the

students, many of the exhibits being completely built by them.

In all of this work there has been the most complete harmony

among the students. Those in charge have had the excellent ex-

perience of organizing the show and pushing their plans to com-

pletion, and every one who has had anything to do with the work

has received full value for his time in experience and satisfac-

tion. The faculty have co-operated with the students in every

way, but at no time has it been necessary for them to step in and

take charge.



THE EFFECTS OF FILLETS ON THE STRENGTH OF
CAST IRON MACHINE PARTS

HARRY J. KLOTZ, 'i.'. AX I) PAUL K. MILKS, 'i-'

'I'he fact that the strciii^th of i)ieces made of cast iron is in-

creased by means of tilleting the corners is generally known. lUit

as far as a quantitative expression of the relation between the di-

mensions (if the section and the radius of the tdlet is concerned,

no information has been available to guide designers. As was

discovered when this investigation was under contemplation, in

formatiiin on the subject is very meager.

The lack of tests on this subject may be explained by two facts.

First as generally known, cast iron is at best a very difficult ma-

terial to investigate on account of its variation in quality. The

results that are obtained by experiment and in practice have

been found to be so at variance with those predicted by theory

that the assumptions on which the theory is based must be ser-

iouslv in error. This is due. no doubt, to the irregularities

V\Cr i
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in cast iron. Xo assurance can Ije had that the quality of iron

in any two pieces is near enough the same to permit of an ab-

solute comparison. In fact, experience shows that the quality

of metal in diiferent parts of a specimen may vary considerably.

The second reason for the absence of data on this subject is that

designers have been content to pass over the problem without

giving it due consideration. The usual practice has been to let

the radius of the fillet to be governed by the general proportions

of the piece. Under this mode of procedure, mistakes are bound

to be made, and with the extent to which cast iron is used in the

present day machine construction, it is readily seen that definite

knowledge on the subject is really of considerable importance.

The character of the specimen which it was decided to use is

shown in the Figure i. The specimen was so designed that while

the radius of the fillet might be varied, the depth of the section

through the fillet and the moment arm of the applied force about

that section would be kept constant. It was imperative that

these two factors be maintained constant, in order that the re-

sults obtained from the specimens with different radii of fillets

could be compared and the effects of the fillets shown directly.

The piece was designed by the straight beam formula in ordinary

use to break at a load of 10,000 pounds, as this load was a con-

venient one to handle on the testing machine at the disposal of

the writers. It is believed that this test piece is more or less rep-

resentative of conditions found in actual practice. It was rec-

ognized that cast iron is seldom used where subjected to pure

tension. However, many cast iron machine parts are required

to withstand tension due to combined bending and tensile stress,

especially when the bending stress is large in proportion to the

direct stress.

In order that the test pieces might be secured which would be

strictly accurate and which would meet the requirements the

writers themselves did the shop work involved. This consisted

in making the patterns of the core boxes and in making the

cores and setting up the moulds in the foundry. All this work

was performed in the shops of the Mechanical Engineering De-

partment of the university.

As a means of obtaining some clue as to what results might be

expected and to aid in mapping out the procedure for the final

tests, a series of preliminary tests was made. For these tests,

four different sizes of fillets were used, namelv fillets of zero
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radius, (a sharj) corner), one cjuarter. one half and one inch racHi.

As a manner of applying the load it should l)e noted that the

])ins which held the eye hars were litted in the specimens fairly

tiij^htly, while the lit of the ])ins in the eye hars was just suf-

ficient to allow free turnini,^ of the har ahout the pin. This

reduces the friction of the pins to a minimum, thus preventing

this source from causing any appreciable error by shifting the

action line of the applied force and thus varying its moment

arm. Care is taken t(j secure the piece in the testing machine so

that the line of pull would he perpendicular to the transverse

plane of symmetr\- of the jjiece. This was essential in order that

the required four inch moment arm would be secured.

The feature which was strongly brought out by these prelimi-

nary tests was the fact that the specimen with the hllet of one

half inch radius was the last to break in the fillet itself. That is.

in the sharp cornered and the quarter and half inch radii speci-

mens, the line of fracture started from the inside corner or center

of the fillet, and proceeded across the section. But in the cases

of the specimens having fillets of one inch radius, the fracture

occurred in the straight part of the piece approximately at the

point of tangency of the fillet with the straight side of the piece.

This result showed that the desirable size of fillet for the piece of

these proportions was somewhere between one half inch and one

inch radius, since any further increase causes the break to occur

in the straightest part of the piece closer to the line of action

of the applied force. Because of this discovery, it was decided

to include specimens with fillets of five-eighths, and three-quarters

inch radius in the final test.

The specimens for the final series of tests were six sizes, hav-

ing fillets of zero, one-quarter, one-half, five-eighths, three-quar-

ters and one inch radii. Four specimens of each size were

tested, thus making a total of tw^enty-four tests. Tn two of the

sizes it was possible to make five tests due to a few extra cast-

ings being supplied. It was thought that it would be of interest

to determine the effect of the fillets on the deflection of the

pieces. For this purpose a Merry type removable extensometer

was used. Two small holes were drilled in each specimen

six inches apart and on a line parallel to the line of pull, to

be used in attaching the extensometer to the i^iece. The load

was increased by increments of five hundred pounds in some

cases and one thousand in others, extensometer readings taken

after each increase.
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The results obtained agreed quite closely with those obtained

in the preliminary tests. As before, the sharp cornered specimens

failed noiselessly, while the breaking of the pieces with the

one-quarter inch fillet was accompanied with a dull and scarcely

audible snap. All the other specimens failed suddenly with a

loud report. The manner of failure of the sharp cornered

specimen bears out the curved beamed theory for curvatures of

small radius, that is, pieces bent at right angles on themselves.

In pieces of this kind the neutral fiber passes the inside edge of

the sharp corner and, hence, no resistance to bending can be

ofifered. Therefore, the slightest bending strain produces incip-

ient rupture. Actually this condition does not exist because the

stress distribution is so modified as to shift the neutral axis from

its theoretical position. The character of the break, however,

indicates that this position was approached.

The variability of cast iron is clearly shown by the results

o.z. c>A o.e o.e i.o
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obtained. In sonic ca.s^.^>^ the breaking load of two specimens of

the same chmensions (hfVered as much as two thousand pounds.

'I'hc curve, l'"igure _', pli)Ue(l between the l)reaking- loads and the

radii of the tillets. shows graphically the effect of the increased

radius of the hllet on the strength of the piece.

In the case of the fillet of tive-eighths radius the ideal con-

dition of having all the specimens cast from the same heat was

ol)tained. As would consecjuently be expected these specimens

exhibited he least \-ariation in l)reaking load between the several

pieces. The curves pk)tted from the average deflections at var-

ious loads for the dift'erent radii show as might be exi)ected. that

the detiection at a given load decreases as strength of section

is increased by increasing the radius of the fillet. h\u-thermore,

the decrease in deflection due to the increased size of tiUet is more

marked at the higher loads. Tlie (|uality of the iron accounts

for the irregularity in the curves corresponding to those in the

curves of average breaking loads.

The curve of average breaking loads indicates that the luax-

inunn effect of the fillet was not reached and that a larger fillet

would still increase the strength of the ]^iece. However, the fact

that the specimens with the one inch fillet broke through the

straight part indicate that this size of fillet is large enough to

make the filleted section stronger than the straight section. The

size of the fillet which will still accomplish this result is the desir-

able size, bcNond which it is not expedient to go. The desirable

size lies between the fillets of three-quarter and one inch radius.

Therefore, since the one inch size lies on the safe side, and

since the thickness of the straight section is one and one-cjuarter

inches, the ration of the radius of the fillet to the thickness of the

section i.s one to one and a quarter. In other words, the radius

of fillet advisable for this type of piece may be taken as eight

tenths of a thickness of the section.

,V()/r—The abcne is an abstract of a thesis prepared by Messrs. Klotz

and Miles, fur de,u,ree of B. S., in Meobanioal Engineering, ^912.



POST GRADUATE WORK IN ELECTRICAL ENGI-
NEERING

D. C. PRIX'CE, "12

Post Graduate in Electrical Einjiiiccriiig

The question is often asked, "What does a P. G. do?" The

electrical P. G. does two kinds of things. First : He pursues

definite courses of study in mathematics, advanced alternating

currents and transient phenomena, electro-chemistry or thermo-

dynamics. The object of these studies is to give the young

engineer just enough more knowledge than the four year man
to pass the latter on the ladder of progress, other things being

equal. In all walks of life the difl^erence between success and

failure is found in some small advantage made use of or lost.

The graduate students are not going to lose the advantage which

this extra year of schooling gives them, you may Ije sure.

Again, the undergraduate course can not be complete. Here
and there something has been omitted which, when added, in the

graduate course, will make the engineer's knowledge more com-

plete and rounded. These gaps are particularly apparent in

the preliminary mathematics courses. The time allotted to mathe-

matics in a four year engineering course is all too short. The
fundamental operations are, indeed, covered, but man}- details

are omitted. Large provinces are just touched upon. These

points are all brought up in the graduate mathematics courses and

amplified so that the engineer will at least, be able to work out

for himself the problems in higher works of mathematics. The
case of mathematics is typical. All the thermodynamics and

chemistry that the average graduate knows have been crowded

into a few short courses. These courses give hardlv an idea of

the size of the field to which they belong.

Research is the other branch of post graduate endeavor. X"u-

merous times during the undergraduate course subjects have been

touched upon, about which not much is known. One of these

subjects has touched the imagination of the }()ung engineer and

he comes back to school tliat he may have an opportunity to dis-

cover more about this peculiar phenomenon than anybod}- else has

found out. Everv student has a dififerent mvsterv whicli he
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is determined to run down and clarify until it can be added

to the store of every day knowledge. Many great fields are

being explored by enthusiastic researchers. Their findings may

not be of any great importance for some years but the start is

being made. The graduate student is attempting to add to the

world's wisdom instead of being a mere parasite absorl)ing.

learning and giving notliing in return.



THE ENGINEER'S PLACE IN HISTORY
A. ELMEXDORF, '14

In the years A. D. 451 and "J^z. two great battles were fought

upon the plains of Gaul, the first at Chalons which decided that

the Christian German folk and not the Pagan Huns should inherit

the dominions of the dying Roman Empire ; the second at Tours,

also a victory of Christendom, but now over the invading Mos-

lems ; both were battles which determined the destinies of Europe

and the future course of history. Here was committed to the

issue of a single battle the existence of many nations. Yet,

significant as the events were, they decided merely that one race

rather than another should dominate the world. As landmarks

on the path of a man's evolution from the savage through the bar-

barian to civilization, they are not prominent.

In this evolutionary history students of primitive man give

places of honor not to battles and their instigators, but to great

movements or changes in which man through some physical

device acquired ix)wer over his environment. Thus, the use

of fire gave him comfort and protected him from piercing winds

and the night attacks of wild animals. The invention and use

of the bow and arrow made him victor over animals physically

stronger than he, the introduction of pottery started the home,

the domestication of animals gave him additional power, the man-

ufacture of iron produced better weapons. Finally the inven-

tion of the written alphabet raised him into a state of civilization.

In every case the change was one of material improvement which

added to his capacity for surviving unfavorable conditions such

as a poor fruit supply, scarcity of game, or chilling north winds.

Each invention characterized an epoch.

"But", says George S. Morison in his book. 77/r Xew Ef^ocli.

"there is no reason why the epoch which began with writingshould

be the last. It needed only a new capacity radically unlike those

which had gone before, to make an epoch in civilization as dis-

tinct as those in primitive society. Such new capacity has now

been found ; another epoch lias Ijegun. Fire, animal strength,

and written language have in turn advanced men and nations

;

something like a new capacity was developed with the discovery

of explosives and again in the invention of ])rinting; l)ut the

capacity of man has always been limited to his own in(]i\idual

strength and that of the men and animals which he ami'] con-
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trill. I lis capacit}- is no longer so limited; man has now learned

/() iiianiifacliirc pmcc^ and with the manufacture of power a

new ei)och began."

Students of prehistoric man name the \arious e])ochs by the

•tool in use then which was not ])re\alent in previous ages, l-'acli

tool passes through two stages, its creation and its introduction

into use. Corresj^onding to these there is the inventor who con-

ceives the instrument, and the engineer who makes a general

application of it. In ])rehistoric races the inventor must have

been, not one person. l)ut an indefinite number of persons each

of whom de\'ised ( perha])s unconsciously) some slight improve-

ment. We are. how'e\er. not especially interested in the origi-

nators. "It was not the manufacture of the hrst earthen pot,

but the general introduction of pottery which carried a prehistoric

race from savagery to barbarism. It was not the invention of

a few letters, liut the general use of a written language wliich

took the barbarian into civilization. It was not the invention of

the first steam engine, but the general control of the manu-

facture of power which is innv taking mankind into the new-

civilization. " Here is manifested the duty of the engineer whose

business is commonly defined as the directing of the great

sources of power in nature for the use and convenience of man.

The inventor precedes the engineer, but the products of his

ingenuity are utilized by the latter. The savages who initially

rotated the stick for ])roducing friction and a spark were embryo

engineers. The millers who first used the rushing rapid and fall

were engineers. (If ten the inventor and the engineer are the

same person, but the hitter's work is more than complementary

to that of the former. Watt developed his first successful steam

engine in 1769, making him the inventor; in 1775 he manu-

factured and applied the engine to mine pumping, giving him the

higher title of engineer. The engineer builds dams creating res-

ervoirs, and directs the water either through tubes to exert its

pressure upon the blades of a turbine, or leads it into canals to

(|uench the tliirst of ])larits on burning lands. Tlie refreshed soil

raises the corn, the turbine furnishes the power wherewith t<^

grind it. . In each instance the sources of power have been <li-

rected for man's use or convenience. In all ages then, the engi-

neer was the instigator of new epochs.

Scarcelv more than a century and a quarter has la]:)sed since

Tames Watt made his notable im])rovements on the steam engine

niarkinir tlie dawn of the new era. and \et, when in history was
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the face of the earth so transtigured, bvisiness methods so changed,

government and education so revolutionized ? Would United

States be possible without its network of railways traversing the

country enabling the senator from Oregon to reach the national

capital in less time than it took Washington to travel from Vir-

ginia to New York? Of what value would Egypt be to Great

Britain without the dams across the Xile for stopping the flood

waters which subsequently irrigate the fertile yet barren river

valley? When were the functions of government so numerous

and so intricate ; those of the school so extensive ? In a few

years we will be able to journey from the Cape to Cairo through

jungle and over mountains where so many explorers sacrificed

their lives. To-day we travel from St. Petersburg to Pekin

across the rolling Steppes and wooded Taiga in a train cic luxe.

equipped with all the conveniences of a good hotel. Ocean levia-

thans designed by the engineer carry in safe confinement from one

shore to another the population of a small city. Trainloads

of freight are transported in the holds of the same ships. Hun-

dreds of thousands of acres of semi-arid land in our West have

been made to bear crops through irrigation. Soon great steamers

will be able to pass from the Atlantic to the Pacific ocean in the

space of a few hours by means of the Panama Canal. Scared}-

less significant are the changes that have been wrought in the

industries. Factories sometimes requiring as much as a hundred

thousand horsepower, involving the investment of many millions

of dollars, and employing ten thousand men or more have been

erected. Such an aggregation of capital means concentration

of control and management and sometimes of ownership bring-

ing about corporations and monopolies with their problems.

Surely if great leaders and statesmen who determined the

destinies of nations deserve a prominent place in the world's

historv, then too, the names of such eminent engineers as Watt.

Ericsson, and Whitney should stand out before all others, for

their work was greater than that of causing the rise or fall of a

country or group of countries ; the\' were instrumental in bring-

ing about a universal change making possible a vastly larger pop-

ulation than had ever inhabited the earth before, a population

composed of individuals who Ijy directing the sources of power

in nature must develop intellect rather than muscle, and through

the greater output of the machine over human labor, may event-

ually be granted greater leisure in which to enjoy the satisfac-

tions of life.



THE RELATION OF FRESHMAN AND SOPHOMORE
WORK TO THE ENGINEERING COURSES

GUSTAV G. FORXOFF, '13

Business Mtiiiager. The Tecliiiogi\i/^Ii

Every engineering student after having entered the university,

at some time or another asks himself the question, "W hat good

is this or that study going to do me in engineering?" The

trduble is tliat the great majority of students, especially freshmen

and sophomores who are required to take subjects which have

no tangil)le relation to engineering, do not know the scope of a

college education. They do not distinguish between a university

and a trade school but enter with the idea that at the end of

four vears they can go out as engineers and make a fortune.

With this conception of a college education the\" naturally can see

no benefit in any but strictly engineering subjects. If they would

stop to consider that, although there is only one electrical engi-

neering course, it would be impossible for the university t(^ turn

out men that are efficient in all the various branches of the elec-

trical profession, their views would change. If a course were

to be given that would make men efficient in the main branches

of the electrical profession such as the designing, construction,

and operation of telegraph and telephone lines ; the electrification

of railways ; electric light plants ; motors ; dynamos ; switch-

boards; wiring; transmission lines; and electric devices of all

kinds ; considerably longer than four years would have to be

spent not only in obtaining book information, but in doing exten-

sive research work c<uipled with a thorough business course.

The general aim of the course at the university is to give the

student a thorough training in all the subjects fundamental to

the ])r()fession and sucli cultural subjects as will serve to place

him on an equal footing, intellectually and socially, with men in

other professions. With this object in view, all good technical

schools are concerned with the mental development of their

students. Everything included in the course should be looked

upon as a mental tool to be used in a future career. For this

reason some of the work included in the course is useful rather for

the sharpening of the intellect and development of the mental

faculties than for any real engineering knowledge. Knowledge

alone is not i:H)wer but the ability to use it, is. Most students
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assume that the acquisition of information applicable to their

proposed profession is the important element of an education.

They thereby disregard development of the mental faculties

which help them to forsee new methods of procedure and give

them the power to acquire information with a knowledge of

how to use it when obtained. This assumption is due to a wrong

conception of a college education. A college education is not

a trade school education but an education which makes wiser

and more complete men and not machines. Besides making the

student a wiser man. it trains and develops his faculties in the

direction most useful to an engineer. To secure the greatest de-

velopment, it is necessary to grow morally, mentall}', and phys-

ically.

Students as a rule have very little use for physical training and

military drill, but if it were not for the small amount of exer-

cise connected with these requirements, most students would not

get any. !\Iany ask, "What good is English or rhetoric going to

do me in engineering?" An engineer, if he is worthy of the title,

must be capable of expressing his ideas and plans clearly and

convincingly before his untrained capitalist ; he must be able to

direct the men that actually do the work and make his desires

plausible to a less educated class of laborers ; besides, he is in a

position where he must answer numerous business letters each

day, write out specifications and contracts, and prepare technical

articles.

The only opportunity a student has to acquire expressive speech

and composition is at college by becoming acquainted with the

best English masterpieces and getting practice in theme writing.

One has no idea of the awkward business letters many of our

graduates write but when I took a course in business letter writing

and the instructor brought a few letters from the morning's

mail written Ijy SDme of our former engineering students, it

seemed hardly possible that they had a college education not only

from the poor use of English and grammar, but also the crude

style of addressing and folding of these letters. The course in

descriptive geometry is not given to enable one to earn a living b}-

passing planes through lines but to train the eye and develop the

mind to be able to see things in space. An engineer does not have

a model to go by, he must make the model and have a good idea

of its success before spending capital for its construction. There

is no necessity of s])eaking (if the main feature of engineering.
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namely : mathematics. Tt is an un(iucstional)le fact that engineer-

ing is applied mathematics.

The university does not claim that its engineering students im-

mediately U])on graduation are engineers of mature judgment,

but that their training and attainments enable them to make a

rapid growtli. They have received such training that by intelli-

gent application of what they have learned, they may soon become

engineers. My advice to the freshman or sophomore who ques-

tions the necessity of any of his studies is. that as long as the

university authorities and graduates deem them worthy of the

time spent, to stick to them and get as much from them as he

can.



THE MAN AND THE INDUSTRY
A LECTURE BY HARRIXGTOX EMERSON

Reported by L. i',. Smith, '/.?

Mr. Harrington Emerson was enthusiastically greeted by the

engineering students and faculty on December 1 1 , when he lec-

tured on "The Man and the Industry". Mr. Emerson has been

for some time a strong advocate of scientific management of

shops and is well known throughout the country as an efficiency

engineer.

Mr. Emerson discussed the development of our natural re-

sources and showed how we have been neglecting the efficiency

of our workmen because of the large unexpected returns from our

natural resources and machines. We have accomplished a great

deal within the last few decades, but this does not mean necessar-

ily that our efficiency is higher than formerly. Efficiency and ac-

complishment are not synonymous terms. In the study of modern

shop management, Taylor, Gilbert and others found that the

methods of handling labor and material were so antiquated and

inefficient that they have been seeking to perfect systems of

organization that will make the workmen as efficient as the ma-

chines they operate.

In past years men have gained power and money by reaping

the fruits of the labor of others. In the future, men will

advance because they have rendered service to society. Marconi

made a fortune not by exploiting others, but l)y giving to the world

a new and better form of communication. The Standard Oil

Company has been successful mainly because it has given so-

ciety a better form of heating and lighting. To give society

better service, means that the workmen must do their work more

efficiently, and the most important instrument for increasing the

efficiency is the proper type of organization. The science of

organization is just in its infancy. Throughout the country,

the systems of organization of the various corporations have been

developed in a haphazard way and there are no two systems

alike and very few of them are founded on a scientific study of

existing conditions.

There is very little literature on the subject, which makes it

almost imperative that experimenting be done before attempting

to adopt any rational system of organization for any particular

plant.
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In the (Ic'vc'lopmcnt of any system there are three types of men

re(|uire(l to carry out the plan^ elTectivelw tirst, the mental type

which has the ideals, second, the vital which ,<j^ives personality,

third, the motive which ^-ixes life and action to the system. It

i> of course an excellent thin<j^ to tind all these types combined

in one man, hut usualK' one of these fundamental characteristics

predominates in every man. In the United States, we have had

our enterprises controlled mainly by men of the third type; our

railroad presidents and corporation officials have been men of

action rather than men of ideals or personality. The industrial

friction between capital and labor has been caused mainly by the

lack of leaders with strong personalities and high ideals. The

modern trend of industry is to render the most effective service

to the puljlic. to the hnancial backer and to the workman. Ser-

vice to the public consists in giving the people a larger quantity

of goods of a better (|ualit\- at a lower ])rice. Service to the

financial backer is rendered by giving better security and a higher

rate of interest. Service to the workman consists in giving him

higher reward for his service, fewer hours oi labor and a wider

field of industrial pursuits.

In the average manufacturing plant a great many precautions

are taken to insure the economical use of material and to ascer-

tain whether the quality of the material is up to that required in

tlie specifications, but up to the present time very little attention

has been paid to ascertaining the characteristics and aptitudes of

the workmen by any scientific methods either before or after they

are employed. Over three fourths, Mr. Emerson says, of the

men employed in this country are not adapted to their work and

this alone causes a tremendous loss in efficiency because no man

can work well at a job in which he is not interested and for which

he is not luted, besides the loss due to inefficiency there is also

a great loss due to discontent among the workmen who do not

like their work. Fully ninety per cent of tlie labor troul)le in the

shop could be eliminated by selecting men according to their a])ti-

tude for their work. The four essential (|ualities tliat are re-

(|uired of all men in any organization are health, intelligence,

honestv and industry. These characteristics can easily be de-

termined 1)\- the emi)loyer in a sliort time by a few simple tests.

Air. Emerson described some of the methods of testing the

character of men by their appearance. A single one of these

methods does not assure the observer of the character of a man



The Man and the Indi'stry 89

but if they are all applied by an experienced man a fair estimate

can be obtained. The texture of the skin can be taken as an

indication of the texture of the brain, that is, a man having a

fine, soft skin has a fine, delicately balanced brain and one having

a coarse skin is the opposite. The texture of the skin, however,

is not an indication of the power of the brain. The color of the

skin is another indication of character. The blonde is usually like

the lemon, tart, acid, impulsive; the brunette is more like the

banana, mild, soft, deliberate ; then of course, come all the grada-

tions between the two. The general shape of the face of a man
of the mental type is that of an inverted triangle, that of the vital

type a circle and that of the motive type a square. A good ex-

ample of each of these types is found in the three presidential

candidates, Mr. Wilson being of the mental type, Mr. Taft of the

vital and ^Ir. Roosevelt of the motive. The shape of the face

profile can be used as an index to character. The convex profile

signifies impatience, force and a domineering manner while the

concave profile shows the opposite characteristics.



THE ELECTRICAL INSPECTION TRIP

II. CARL WOLI', "i.^

The most interestiiii^ inspection trip wliich has heen alotted to

the electrical engineers tor several years was begun on Sunday

evening. November 24, when 35 students, almost all seniors, left

Urbana on two special cars. The crowd was under the tutelage

of Professors Brooks and Paine, and IMessrs. Fiske and James,

great credit being due to Professor Brooks for the careful plan-

ning of the trip. Tlic i)arty was joined at Keokuk on Monday

noon by live more students, and was met by guides of, and enter-

tained at luncheon by. the Mississippi River Power Com])any.

FKiURE I

Immediately after luncheon, the inspection of the great works

was begun and lasted until sundown, the party being broken up

into several sections so that the minutest details of construction

could be inspected.

The power house and the dam between Keokuk. Iowa, and

liamilton. Illinois, form the largest structure of the kind in the

world, being built entirely of concrete and. when completed, will

consist of 13.185 feet (2^/^ miles) of monolithic structure. The

dam is tied to the Illinois shore on the east and ends in the ]xnver

house on tlie west, after s])anning the Des ]\Ioines Rapids in
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119 arched spans for a total distance of 4,278 feet. The height

of the water above the dam is to be controlled by steel gates set

in slots at the side of the arches and controlled by a travelling

crane running on a track on the top of the dam. The spillways

in the arches which are of such a shape as to let the water down
with the same curve that it would assume when flowing over any

obstruction, are shown in Figure i in the course of construction,

the forms being in place at the right. The general construction

of the arches is shown in this view, together with the slots in

which the control gates are to slide.

The power house which is to contain the first installation of

15 turbine units, each of 10,000 horse power capacity, is almost

completed, and work will soon begin on that portion which is to

cover the second installation of 15 units. The entire power house

lies parallel with the river and extends from the dam, to the lock

on the west, which in turn, will be linked to the shore through

the government dry dock. The power house proper, covering

5^ acres, consists of four floors, but is as high as an ordinary

six story building. Figure 2 (frontispiece) shows the pi^wer

house with the dam dimly seen in the distance. The wall in the

immediate foreground is the sea-wall which is to protect the rail-

road tracks. Just behind this is the forebay, and all the con-

struction shown within this will be torn away before the water

is let into the works. The arches below the power house are the

intakes for the turbines, and a portion of those for the second in-

stallation, are shown in the process of construction, on the right.

The substructure is 78 feet high from the bottom of the river,

and contains the intakes, turbines and draft-tubes. The intakes

are of special form, each converging into a spiral scroll 39 feet

in diameter, as it approaches the turbine in such a way as to

give an equal pressure on all sides. The draft tubes empty into

the tail-race which is excavated for ^A mile to allow of free

passage of the water. The intakes are protected by a double sys-

tem of control gates, controlled by a travelling crane in the

power house above, while a heav}" wire screen keeps all debris

from the turbines.

The turbines are directly connected through 2'^ inch shafts to

the alternators above on the main floor, the entire weight of each

unit, 550,000 pounds, being upheld by a combination roller and

high pressure oil bearing. The alternators running at 57 revo-

lutions per minute, develop power at 11.000 volts, tliree phase.
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25 cvcle, and arc expected to show an efficienc}- of 85 per cent.

TIk' power is carried from the machines through si^ecial conduits

to the second ll(M>r. throu<jh the oil switches and thence to trans-

formers where it is stepped up to 1 10.000 volts. It is then taken

through selector oil switches and out on the line. The system is

well protected hy aluminum cell lightning arresters, by large re-

actance coils, and by the use of high reactive apparatus through-

out.

The exciter turbines, four in number, of 2.500 horse power

capacitv. have their individual intakes and draft tubes similar to

the larger units. These turbines generate alternating current at

6.600 volts which is converted, at the individual power turbines,

bv rotarv converters into direct current for excitation. The speed

of all the turbines is controlled by sensitive high pressure oil

governors, actuated by fly balls and controlling the guide vanes

of the turl)ine.

The lock, which is to be the only avenue for traffic through

the dam. will ha\e a lift of 40 feet, and will convey boats from

the upper to the lower level in one step. The inside length of

the lock is 400 feet, with a width of no feet, thus making it

larger than any of the famous Panama locks. A steel riser gate

on the up-stream side, and a pair of massive steel swinging

gates on the down-stream side are operated by pneumatic power

and will control the entire lockage. The numerous concrete cul-

verts in the bottom of the lock are controlled by hand levers and

will either fill or empty the lock in 10 minutes. The dry dock

will lie used for the storage and repair of government river boats,

and has been ceded to the government, along with the lock, by

the ])ower com]:)any.

When the insjiection of the works was completed, the party re-

turned to the hotel where dinner was provided for the party at

the expense of the power company, and the boys were entertained

rovallv during the short time of their stay. A party of 16 from

Kansas University was at the same place, and a very pleasant

time was enjoyed !)}• all, a few lusty cheers for all the benefactors

of the day. headed by the name of Hugh L. Cooper, chief engi-

neer of the project, being indulged in.

The party departed for Chicago at 7:30 on the same special

cars, and arrived there the next morning. Here, seven more stu-

dents joined the crowd, and, after a short stop for breakfast,

all proceeded to the Hawthorne works of the Western Electric
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Company. This is the point from which all kinds of electrical

machinery is distributed, and where the intricate telephone appa-

ratus, the specialty of that company, is manufactured. The

party was cordially welcomed by officials of the educational de-

partment of the company, and was shown through the plant by a

number of former Illinois men. The immensity of the plant

prohibited a minute inspection in the half-day allotted for it,

but the principal points of interest were visited, and a general idea

of telephone manufacture gained.

The plant of the Western Electric Company covers 200 acres

and is a model of its kind, being laid out with commendable

symmetry. From the time the raw material is brought under

the supervision of the company, until the finished product, crated

and stamped, leaves the factory, the least amount of work jx)ssible

and the greatest system is employed, machinery being employed

wherever practicable. The company maintains its own foundry

in which are made practically all of the castings used in the tele-

phone manufacture, its private gas and electric plants, water

system, and employees" restaurant, besides encouraging athletics

among the employees by maintaining a large athletic field. Among
the interesting points of manufacture shown the party were the

wire twisting, braid making, cable forming, and assembling.

With the exception of the cable forming, the plant presents a very

good example of small detail work, many of the parts used, and

the instruments employed being so small and intricate as to be

difficult of perception. In the cable forming plant, the various

sizes of cables issue from the lead furnaces, which apply the lead

coverings to the cores of twisted wires as they pass through

steel dies within the furnace. In the assembly department are

carried on the process of switchboard wiring and detail assembly,

together with practical demonstrations of actual telephone prac-

tice.

The party left the Hawthorne works at noon and proceeded

to the Fish Street station of the Commonwealth Edison Company.

Here, Mr. W. L. Abbott and other officials of the company met

and welcomed the bunch. Luncheon was enjoyed through courtesy

of the company in their spacious dining room, after which the

inspection of both the Fish and Quarry Street stations was made.

The two plants are somewhat similar, dififering chiefly in the

finer points of construction. Alternating current at 2300 volts

is generated by the turbo-alternators whence it is conveyed to the
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substations and a large part of it converted into direct current.

A careful arrangement of lightning arresters, oil switches and

exciters gives the oi)erati)r full control over the outjjut and action

of each machine. The most improved methods of coal handling

and of tiring, together with the use of air-cooled turbo-alterna-

tors, give a liigh el^ciency to the plants.

On Tuesday morning, the trip was continued by a visit to the

Illinois Steel Company's plant at South Chicago. Of special in-

terest were the electric furnace, electric drive of the rolling mills

and the use of dynamic braking, electric magnets, and electric

cranes. The molten metal is carried from the blast furnaces

to the r)essemer converters and open hearth furnaces by elec-

tric trains, and from there to the rolling mills in the form

of ingots which are accordingly heated and rolled into plate or

other desirable forms. The gases from the blast furnaces are

utilized in engines which pump air back to the furnaces so that the

energy of the gases is saved.

Leaving the steel works, the party returned to the city and,

after luncheon, divided into two sections. One of these visited

the plant of the Automatic Electric Company, while the other

inspected the engineering features of Marshall Field's retail

store. The Automatic plant was somewhat of a repetition

of that of the Western Electric, showing even finer and more

intricate detail work. The Marshall b^ield inspection presented

several features in the shape of their illuminating system, electric

elevators, refrigerating plant, and branch tunnel, all operated with

the greatest smoothness and efficiency.

The inspection trip was officially ended with these towns, and

the entire party disbanded for the Thanksgiving vacation, every

member declaring himself to be well satisfied with the trip, and

having the greatest praise for all who had been their royal hosts.



THE USE OF PERMUTIT IN WATER SOFTENING

J. F. GARRETT, '13

Permutit is the name chosen to designate an artilicial zeoHte

recently produced and patented by Dr. R. Gans of the Royal

Prussian Geol. Inst., of Berlin. The use of permutit is compara-

tively new and its commercial possibilities have been investigated

only to a small extent. It is prepared by smelting aluminum sili-

cates with sodium carbonate and sand, and washing out the

excess of sodium carbonate with water. Its chemical formula

is :—2SiO,.AU03.Xa,0.+6HXJ.
The most important characteristics of this com])ound are

:

( I ) Its property of interchanging bases.

This property is very significant, as by replacing the sodium

base by other bases, it is possible to make a permutit of almost

any metallic combination. Those of greatest interest however,

are the exchange of sodium for calcium or magnesium by which

the hardness of water can be reduced to zero. The iron, manga-

nese and organic matter can also be removed from the water in

a similar way.

(2) Its property of regeneration.

Upon passing hard water through permutit, the sodium content

of the latter will eventually become exhausted, it being replaced

Ijv the calcium and magnesium contained in the Avater, hence it

is necessary to regenerate it. This can be done, by passing a

5% to lO^f solution of common salt (NaCl) through the permutit.

(3) Its length of life.

Permutit can be regenerated an unlimited number of times with-

out loss, hence it is never necessary to renew the charge in the

filter.

The permutit filter consists of a steel shell made in various

sizes for the treatment of various quantities of water, this shell

being fitted with pipes and valves in order to give the necessary

mechanical treatment to the water and also enable washing and

regeneration with a salt solution. Inside this shell are placed

various layers of gravel and sodium permutit, through which

the water to be purified is passed at a comparatively rapid rate.

In its passage the calcium and magnesium salts react with the

permutit, turning the sodium permutit into calcium and mag-

nesiiun permutit.
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This process dilYers from most water-softening- processes,

in tliat an excess of insoluble reagent is used instead of a small

amount <>f a soluble one.

Basch (jour. Ind. c^ luig. Chem. \'ol. 4. page 851) in an article

on "The Use of I'ermutit to I'urify Boiler Feed Waters", states,

that the ])rescnce of alkali in waters ])rc\ents the corrosion of

iron, but causes foaming; and that the presence of XaCl counter-

acts the effect of alkali on corrosion. Hence waters treated with

pcrniutit cause foaming, and yet do not prevent corrosion, be-

cause of the presence of small quantities of XaCl. However

other writers state that at least fifty boiler plants in Germany

and over one thousand in Germany, France, England, and United

States are empk\ving this system of treatment and none of them

have had any trouble with corrosion, scale, or foaming, since this

process was introduced.

It is claimed that for dyeing and bleaching purposes, water

treated by the permutit method is equal to distilled water and is

much cheaper.

The use of permutit for laundry purposes has many advantages

over the lime and soda process. Water cannot be softened to

less than T,y2 grains per gallon or sixty parts per million (CaCOg)

hardness bv the lime and soda process, while it can be softened

to zero by means of permutit. The cost of treatment of water

of about 350 parts per million (CaCO.j) is approximately 2'/2

cents per thousand gallons with either method. The permutit-

treated waters also contain a considerable quantity of bi-car-

bonates and carbonates, both of which aid in cleaning and are

ordinarily added to waters used for laundry purposes. Another

im])ortant advantage of the permutit filter for laundries is

that it automatically adjusts itself to waters of varying degrees

of hardness. The mechanical adjustors used on lime and soda

softeners are efficient for a short time, although they require

constant attention, but the action of the lime soon throws the gears

out of adjustment and hence the water is not properly treated.

All of these difficulties are avoided in using a permutit softener.

11. G. Anders recently published the results of his investigations

of permutit for use in breweries. (Wochenschrift fiir Brauerei,

\'ol. 28, page /S). lie used a filter 31cm. in diameter and 33cm.

in licight, and containing 700 gms. of permutit. The analysis of

the raw water gave the following composition in parts per mil-
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Dry residue
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c-iuni salt of the natural waters because they are not precipitated

out ui)()n cooking. ^Mso the sodium bi-carhonate is broken down
by high temperature to sodium carbonate, which is very disadvan-

tageous.

Thus it seems that permutit-treated waters can come into ns in

breweries only for boiler i)ur])oses.

In conclusion, some of the ad\-antages to be derived from the

use of permutit are :

( I ) Any water ma\' be softened to any degree of hardness

by regulating the flow.

(2) The hlter works automatically.

(3) X'ariations in the feed water do not alYect the filterate.

( 4 ) The numl)er of regenerations of the filter is unlimited.

( 5 ) Iron and manganese may be removed by using manganese

])ermutit.

(6 ) The process may be used in other industries ; for example,

to recover potassium from the waste of sugar refineries.
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EDITORIAL
The Technograph is very fortunate in being able to present

to its readers the article on "Training Engineers in the Science of

Management". We are now in an era of
THE • •

„^^,^,^»,^,, industrial readjustment in which old time
EFFICIENCY . /

ENGINEER methods will give way to more efrective and

scientific methods. Mr. Benedict has ably

covered a subject of vital interest to the college trained engineer.

Industrv is now demanding engineers w^ith special training in the

science of management and the clarion call is for the efficiency

engineer.

Mr. Benedict discusses scientific organization and the laljor
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prolilcni. In "The Man and the Inchistrv" by Harrington Emer-

son the noted etiicieney engineer, a method of placing the labor

problem upon a scientific basis is proposed whereby employees

are chosen, depending upon certain facial characteristics.

The two articles deal with the subject in different and yet im-

portant phases, and merit the careful study of every engineering

student.

We are proud of this issue ! We think it contains more real

live engineering discussion than any previous issue, and the best

feature of it is—-it's all Illinois. One faculty

OUR ^iiid ten students authors—every one an II-

STANDARDS linois man. That is the standard for which

we have long been striving—a genuine

student publication. It is only possible by the co-operation and

assistance of various students. If you have some interesting

engineering information write it up and drop it in Room lOO—it

will be appreciated.

We are all human in that we think things in the big cities are

better than the things at home. While this may be true in some

cases it is not true of the E. E. show we will

soon be privileged to attend. It is some-
E E r o

SHOW thing that is not equalled in the big cities

or by any other university. Boost it by

attending and seeing that all of your friends do likewise. It is

a big thing—typical of Illinois.



COLLEGE NOTES
The class in mining methods including' the juniors in mining

engineering and in ceramics, on Saturday, December 7, visited

the mine of M. & C. Coal Company of Decatur and the mine of

the Niantic Coal Company at Niantic, in order to study the meth-

ods of mining used at these two mines. The same bed of coal

is mined at the two mines, but by entirely different methods, this

giving an excellent opportunity for comparing the different

methods of mining:.

The locomotive testing plant of the university which is located

behind the Transportation Building, on Mathews avenue, and

which is now nearly finished, it is said, will be the largest and

most efficient of its kind in the world. There are few such

plants in the United States and many of the things needed for

this building are so hard to get that the construction has been

delayed. It is hoped that the plant will be ready for occupancy

within a month, and if the concrete roof can be finished before

the very cold weather sets in. the erection will be facilitated

greatly. A unique feature of the new laboratory will be a cinder

separator, which is at present being built. The separator has

caused wonder on the part of those who do not know^ what it

is, for it looks like the base to a tall chimney or a silo. The

purpose of the separator is to remove cinders from gases in loco-

motive smoke. W-'ith it exact data can be obtained concerning

the amount of heat wasted in proportion to the amount of coal

burned. The cinder separator is only a detail of the mechanism

in the laboratory. Every test possible on locomotives will be

possible in this plant, and it will be large enough to accommodate

the lars:est locomotive now in existence.

Recently Dean Benjamin of the college of engineering of

Purdue University, gave a very interesting lecture on "Scientific

Management". The antiquity of the idea of efficiency was

shown, and an interesting Biblical illustration of motion study

given from the book of Judges.

The moral right of the employer to drive his men at maximum
cai^acity and then to discard them when worn out, was questioned.
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as was tlu' ui'^dom of the attciiii)l to introduce complex efficiency

methods in small cstahhshmcnts. The .i^nx-al value of efficiency

methods in handling- material lhin<;s in large quantities was

emphasized, and the still i^neater imi)ortance of heing sure of the

harnionizati(»n of an\ s\stem to existing conditions was clearly

shown.

Dean W. 1'. M. (loss of the college of I^ngineering of the

universit\' wa^ entertained at a dinner recently at the University

Cluh, gi\en 1)\- the local niemhers of the American Society of

Mechanical I'Jigineers, in recognition of his election to the ])resi-

denc\- of that society. President James, the members of the

council of administration, and Dean Charles H. Kenjamin of

Purdue l'niversit\', were among the guests present. Professor

Ira O. Haker acted as toastmaster of the occasion.

Professor A. X. Talbot talked on the national engineering so-

cieties. Dean Goss was tendered congratulations by President

James, and greetings were also tendered from Purdue University

through its representative. Dean Charles H. Penjamin of the

college of engineering of that institution. Dean Coss expressed

his thanks in his response.

At the meeting of the American Societ\- of .Mechanical Engi-

neers held in Xew York City recently. Dean W". F. AP Goss of the

College of Engineering of the university, was elected president

of the society for the ensuing year. This election of Dean Goss

to the highest office in the gift of the society, comes as a recog-

nition of his attainments as an engineer and educator and of

his noteworthy contributions to the science of engineering.

Since the organization of the society in 1880. only three other

college professors have been honored with the i)residency. Dr.

Robert W. Thurston of Cornell University, Professor V. H.

Hutton oi Columbia University, and President Alexander C.

Humphreys of Stevens Institute. Dean Goss makes the fourth

collegian to be elected to the jiosition.

On December 18. a s])ecial engineering convocation was held

to permit the general faculty and the students in the College of

Engineering to ex])ress their ai:)]M-eciation o\ the honor i^aid Dean

Goss. Prief addresses were made 1)\' President hjlmund J.
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James and Prof. A. X. Talbot, after which I'rof. Ira O. Baker

presented to Dean Goss a beautifully engrossed testimonial signed

by representatives of the faculty and the various engineering

organizations as follows

:

Dr. \\'illiam Freeman Myrick Goss. Dean of the College of

Engineering of the University of Illinois, having recently been

installed as President of The American Society of Mechanical

Engineers.—we, his co-laborers in the College of Engineering,

the fellow members in that society at the University of Illinois,

and the students of the College of Engineering offer this testi-

monial of appreciation of the honor that has been conferred

upon him, an honor richly deserved because of his long and

eminent service in the held of engineering education, his re-

searches and contributions to the advancement of engineering

science, and his high qualities as a man and a friend.

About 200 men attended the smoker given jointly by the Elec-

trical Engineering Society and the student section of the Ameri-

can Institute of Electrical Engineers. The object of the meeting

was to promote enthusiasm for the E. E. Show, which is going

to be given at the Electrical Engineering Laboratory on Feb-

ruary 6, 7, and 8. The committee in charge of the smoker

furnished an excellent program, and also provided an abundance

of smokes and eats.

WOOD ADDRESSES SOCIETY

D. C. \\'ood, president of the E. E. Society, in the opening

address told about the plans which were being made for the

E. E. show. He said that the success or failure of it depended

entirely upon the work which individual meml)ers of these so-

cieties did. Two Japanese students, I. Pung and J. I'anhoe. who

were next on the program played some Japanese pieces which

were greatly appreciated by the audience.

President Wood introduced Professor Paine of the E. E.

Department. The latter spoke about the work which was being

done by the A. I. E. E. and the provisions which it made for

accepting student members. He told of the advantages which

were offered to members and urged that all u])])erclassmen should

join.
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E. E. snow ^r.\^.\(",I•:Ks si'i:.\k

Professors Fisk and Hake also of the E. E. Department, each

g'ave very interesting' and instructive talks on the A. I. E. E. A
musical mimber by the 1*-. E. glee clul) made a bii^: hit with tlie

electricians, and they were forced to give several encores. The

men in charge of the E. E. Show, C. R. Ilorrell, business man-

ager; L. A. Dole, advertising manager; and G. L. Eevis. chief

electrician, each gave short talks, endeavoring to get all the

E. E.'s interested in the society's show. They plan to make this

one of the best ever given by a university.

M.WDOl.IX CLl'l! IX SELECTION

After this the E. E. mandolin and guitar club rendered several

pieces, ending with the 'Tllinois Loyalty", which was sung by

everybody present. The last number on the program, although

not of a technical nature, was very entertaining. It was given by

W. \\'. Peters, a graduate student who made some prestigitorial

remarks. Peters, as an amateur, performed some wonderful

magical stunts, mystifying the audience by his card and sleight of

hand tricks. His last and best stunt was when he removed

"Shorty" Doles's shirt from his back without taking his coat

off. Following the program, the remainder of the evening was

spent in singing songs.

K. H. Talbot, '09, who has been associated with the Portland

Cement Company for the past three years, gave a lecture to

the students of the Engineering College on the subject of concrete,

which included its use for road construction.

Tn speaking of the new roads made of concrete, he stated

that there are three dift'erent types of concrete pavement in use

today. The first kind to be used was known as the compressed

t\pe and was introduced in the East. A large amount of road

of this kind was made in Xew York. Scwie of the roads are

made of two layers of concrete. Sand is used in the finishing

course in ])lace of gravel. In order to hold the road together, it

is advised that headers be run into the side of the road bed.

The first concrete to the built was made in Ohio in 1893.

One of the principU- features to be brought out was the neces-

sity of having a good drainage system. This is secured by a series

of curbings which lead the waste to the catch basins. In order to

keep the cement from splitting u]). expansion joints are used.
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Part of the hour was taken up with showing a large number of

sHdes illustrating the manner of carrying on the work in con-

structing a concrete road.

Air. S. Rosenzweiz, engineer of the Erie City Iron Works,

lectured on poppet valve engines and superheated steam, before

the student branch of the American Society of Mechanical Engi-

neers, Friday, December 6, at p. m. in the engineering lecture

room.

]\Ir. Rosenzweiz is an eminent German engineer who has come

to this country to demonstrate the great increase in steam engine

economy gained by the use of superheated steam ; and also to

represent the Leutz poppet valve engine. The German engineers,

because of the high cost of fuel, have been obliged to seek meth-

ods of increasing the efficiencies of their engines, while Ameri-

can engineers until within the last few years, have not been very

much interested in steam economy, because of the comparatively

cheap cost of fuel. On account of this fact the science of the

steam engine has advanced a great deal further in (iermany than

in this country.

Superheating the steam before it enters the cylinder has proved

in practice to be the best and most profitable means of increasing

the efficiency, but with the ordinary type of four-valve slide valve

engine considerable trouble has been experienced in obtaining

packings that will withstand the high temperatures. In Germany

several new types of engines have been designed especially

for superheated steam. The Leutz engine is one of these which

has shown wonderful economy, and is at present very popular

in Europe. Mr. Rosenzweiz has been in close touch with the

recent development in steam engineering in this country and

abroad.



RESEARCH WORK
"An Extension oi tlic I)L'\vcy Decimal System of Classitication .Ap-

plied to the Engineering Industries"", by 1.. P. lireckenridge and G. A.

Goodenough, was originally issued as lUilletin Xo. 9 of the Engineering

Experiment Station in IQ06.

The tiling and classification nf engineering data has become a matter

of nuicli importance, and this bulletin was jireparetl for use as a guide in

carrying out such work. The nriginal edition of Bulletin Xo. 9 was

subject to the usual gratuitous distribution, and the subsequent demands

were such that a second edition was printed and ultimately distributed.

Altogether 20,000 copies were sent out. The demand having continued,

it was finally decided again to revise and to print a limited edition. This

has now been accomplished and the revised bulletin, much extended as

compared with the original eilition, is ready for distribution. It presents

subdivisions of subjects in such detail as to constitute a complete classi-

tication for most engineering industries, even though they are highly

specialized. The revision has been made in accordance with the 191

1

edition of "Decimal Classification" by Melvil Dewey.

The revised edition of Bulletin Xo. 9 will not be subject to gra-

tuitous distribution. A copy will be sent post-paid upon the receipt of

tifty cents.

Bulletin Xo. 61. "Characteristics and Limitations of the Series Trans-

former"", by H. R. Woodrow and A. k. Anderson has just been issued

by the Engineering Experiment Station of the University of Illinois. In

determining the action of electrical circuits of high voltage or of heavy

currents, it is often desirable to connect instruments into a circuit which

is not metallically connected with the main circuit, but which is so ar-

ranged as to carry a current bearing a known relation to the current of

the main circuit. These conditions are met in practice b\' the use of

the "series" or "current" transformer. Bulletin Xo. 61 presents the

results of a theoretical study of sucli transformers and sets forth the

conditions affecting the ratio of secondary to primary current, and the

phase angle between them. A typical transformer is chosen as an example

and curves are presented showing variations in the value of the different

constants of the transformer, in its relation to secondary load and to

variations in conditions of ojjeration. It is shown that, in general, the

current ratio decreases and the phase angle increases with decreasing

primary current. In a series of short-circuited tests on alternators, in

which current transformers were used, it was found that the transient

phenomena as recorded by the oscillograph did not check closely with the

calculated results. The bulletin demonstrates the inadequacy of the series

transformer, especially when constructed with an iron core, for the

recording of transient phenomena. It shows that in transient work it

is desirable to use an air core transformer with low secondary' resistant*,

and high secondary reactance.
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"The Electron Theory of Magnetism", by E. H. Williams, has jusi

been issued as Bulletin 62 of the Engineering Experiment Station of

the University of Illinois.

In the study of physical phenomena various theories have been ad-

vanced, from time to time, as to the nature of magnetism. The most

interesting and important of these is the electron theory. The bulletin

traces the experimental advance leading to the development of this theory

in its present status, and points out phenomena which the theory in its

present form fails satisfactorily to explain. It shows, for example,

that fundamental qualities in nature, such as the mass of a hydrogen

atom, when determined by methods based on the electron theory from

experimental data obtained with iron, nickel, and cobalt, check very

closely with accepted results obtained by various other methods. It

shows also that to account for the magnetic properties of purely magnetic

substances, there must exist between the molecular magnets of those

substances an internal magnetic tield whose magnetic force is of a mag-

nitude of not less than 6,ooo,ocx) units.

Copies of these bulletins may be obtained upon application to W. E. M.

Goss, Director of the Engineering Experiment Station, University of

Illinois, Urbana, Illinois.



TRADE NOTES
GRAPHITE AS A SURFACER

Lubrication is the life of a moving mechanical part. If you neglect

lubrication or do it on a hit-and-miss principle, you pay for the broken

parts, shut-downs and other kindred troubles. The road to the junk

heap is made an easy one if insufficient or inferior lubricants are used.

No matter how well yon may think a piece of machinery is lubricated,

unless provision is made for the time when oil or grease fail to do their

duty (caused l)y an obstructed oil channel, overload, leaks, etc.), serious

abrasion is likely to take place and it is then the lubricant which can

stand up under adverse conditions, take its knocks and is not thni

skinned, that protects against losses. Flake graphite will keep metal

surfaces apart, because of its affinity for metal surfaces and its ability

to knit up over them a covering, tough, thin and unctuous to a high

degree.

—Dixon's Grapliite.

The Josepii Di.xon Crucible Company publish a spicy monthly trade

journal termed Grapliite. It is of value to the efficient engineer and is

sent free on request. Apply to the company at Jersey City, New Jersey.

"The Joseph Dixon Crucible Company of Jersey City makes the

interesting announcement that the selling price of their Silica-Graphite

"One Quality Only" paint is reduced. They say they make this reduction

because the decrease in the price of linseed oil, which used as the ve-

hicle, enables them to do it, and because it is their aim at all times to give

their customers any benefit possible in reduction of price of materials.

This well-known paint which has been the standard for nearly 50

years with leading railroads and manufacturing plants as a maintenance

paint, is a perfect, long service protector of all exposed steel and metal

surfaces."



The Wickes Vertical Water Tube Boiler

THE BOILER OF SCIENCE

BECAUSE
No idle money required to be tied up in boilers standing idle any length of time

for cleaning. Therefore, the unit cost of power due to investment and maintenance
is held to a minimum.

Two 12 X 16 inch manholes opened, this boiler is accessible from top to bottom
for inspection and cleaning. The tubes are straight; every tube can be looked through,
washed or scraped. The cut shows a man standing erect, using turbine cleaner. Is
it laborious compared with other forms? Two men can open, scrape and close this
boiler in ten hours.

High furnace temperature results from Dutch oven ; gases closely scrub heating
surface. No chance for short-circuiting; no chance for gases to enter pockets unfilled
with heating surface. Very long gas travel provided.

Great height from water level to steam outfit provides room for separation from
steam of entrained water, hence dry steam enters steam outlet.

THERE ARE OTHER POINTS

Ask Us for Literature and Investigate, It will Pay You.

THE WICKES BOILER CO.
Main Office and Worlcs: SAGINAW, MICH.

Sales Offices in Principal Cities

When writing to advertisers please mention THE TECHNOGRAPH
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Have You Learned How

"From theRaw to the

Finished Product''

—a 72 page booklet descrip-

tive of the ''ChicagoAA"
process of manufacture.
Illustrated with 66 halftone

engravings from photos
taken at our mills.

FREE
to cement-users. Write for

a copy today.

"Chicago AA"
Portland Cement is made?
It is a story of great interest to the
man who uses cement It tells

how the raw materials are taken
from the quarries, how they are

weighed, proportioned, crushed
and conveyed to the mills; it de-

scribes the "Chicago AA** process

of drying, grinding and then burn-

ing the raw mixture to a "clinker"

and explains, in an interesting way,
the method of cooling the "clinker"

and grinding and re-grinding it,

thus producing "Chicago AA"
Portland Cement, "the best that

can be made."

Read this story: It will enable

you to better appreciate the super-

iority of the "Double A** brand-
it will guide you in the selection of a
cement for your work in the future.

Chicago Portland Cement Co.

30 No. LaSalle Street, Chicago, UL

Manufacturers of the

"Chicago AA" Brand
"The Best That Can Be Made"

Present
Output 1,500,000

Barrels

Annually

When writing to advertisers please mention THE TECHNOGRAPH
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Class of Student Salesmen recently transferred from the Student Engineers' Course to

the Commercial Department. These men are given thorough training in commercial work
and are then assigned to the different commercial offices of the Company. Three of these
classes are now transferred each year.

Why We Advertise

For Student Engineers
The General Electric Company is now advertising for Technical Graduates to enter its

Testing Department (Student Engineer's Course), because the positions open for men who have
had this training are so numerous that it is difficult to keep enough men in the Testing Depart-
ment to test the machines as fast as they are built.

During 1912, 307 men entered the Testing Department, a considerably larger number than
entered in any previous year. During the same year 112 men were transferred to the Commer-
cial Department, 73 to the Engineering Department and forty to other departments, while about
100 accepted positions with outside organizations that have asked the Company to recommend
trained men for their work.

For further information address Mr. G. H. Pfeif, Secretary Students' Committee, General

Electric Company, Schenectady, N. Y.

General Electric Company
Largest Electrical Manufacturer in the World

General Office, Schenectady, N. Y. Sales Offices in fifty-two cities

3825

When writing to advertisers please mention THE TECHNOGRAPH
2
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— Prompt Attention

POWER TRANSMISSION
is the most efiFective and costs the

least, when WELLER equipment is

used. Write for prices on:
Rope Drives, Shafting, Bearings,
Gears, Friction Clutches, Sprockets

Pulleys, Belting
and for our No. 20 Catalog

WELLER MFG. CO.
CHICAGO

New York Office, 50 Churcli Street

THE CO-OP.

Do you know that Co-Op. carries

nearly every Scientific

Magazine published

Co??ie in and look them over

THE CO-OP.

When writing to advertisers please mention THE TECHNOGRAPH
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A FEW MODERN IDEAS OF FACTORY MANAGE-
MENT SEEN IN APPLICATION

c. ^^^ Lincoln, Ex-'i4

In a large manufacturing establishment, employing hundreds

of men, using many machine tools of widely different kinds,

and turning out its finished products in immense quantities, the

chief problems which arise in the operation of a smaller shop

—

namely, securing satisfactory design of product, determination of

most economical methods of performing various operations re-

quired on pieces, and production of tools and equipment for

carrying out these methods—give way in degree of importance

to such matters as getting to each department of the factory

orders and information, whenever needed, such that the depart-

ment may never lack work and may know which of the work

at hand is most badly needed, keeping work moving without delay

through the plant, so that one department need not wait upon

another, and maintaining quickly available records of things such

as amounts of raw materials in stock, progress of various lots of

parts through their long respective programs of operations, quan-

tities of finished parts held ready for assembling, and numbers

of completed articles shipped on orders. In short, it is harder

for a large factory to "go at" its work and to keep in view

just how it "stands" than it is for it actually to do the work.

It will be the purpose of this article to discuss the general

manner of manufacture, rather than any particular design of

product or any particular machine methods, found in the plant of

the Aurora Automatic ^Machinery Company at Aurora, Illinois.

This somewhat broad theme, manner of manufacture, we may
divide into the following subtopics—arrangement of plant, organi-

zation and administration of factory, design of products, deter-

mination of proper machine methods for performing individual

operations (including design and manufacture of tools, jigs, and
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special maoliincry ), issuing of orders to outside firms for raw

materials and purchased |~)arts and to respective factory depart-

ments hu" wiirk to l)e pei'l'oi'med in tlmsc departments, in:-])c'Cli()n

lit' work durinjjj its transformation from raw stock into finished

parts, and keepint,'- of records concernino; (juantities of raw ma-

terials and linislied pai'ts < m hand an<l jiroj^ress of various lots of

l)arts in process of manuraclure; these we shall take nj) in the

order stated.

The plant in (|ne>tion occu])ies ahout half of a city hlock. The

construction is of hrick and wood, that known among insurance

men as "slow hurnini;". The estahlishment comprises some four

hnildingN. hut these are so joined together as to make practically

CHART SHOWING OFIGAN/ZATION OF FACTORY

a unit structure consisting of a long continuous section forming

one of the longer boundaries and three shorter sections extending

from the first perpendicularly toward the rear. One part of the

building has five stories, the rest four. Stairways housed in brick

vestibules, adjacent to but outside of the buildings proper, are a

feature of the structure; it is also worth noting that a com-

plete automatic si)rinkler system and self closing fire doors are

maintained. The position occupied by certain departments and the

reasons why they are occupied by such departments are inter-

esting, and may well be considered briefly. The statement that

the two products of the plant are niot(trcycles and pneumatic

tools, such as drills and rixeting hammers, will aid in kee])ing
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in mind wliat (le])artnients are needed in making the products

and what sort of work we may expect to find in each department.

The raw stock departments are on the first floor, and communi-
cate directly with the receiving room. Tlie shipping room is

also on the first floor. A small two story huilding connected

with the plant proper by means of covered truckways only,

houses in its first story the stocks of castings, forgings, bar and

sheet metal, and in its second the enameling department. Hence,

a fire in the enameling department could do practically no damage
beyond burning the comparatively inexpensive building in which

the department is contained. For like reasons, the blacksmith

department occupies a one story addition to one of the sections

of the plant pro]5er. The sand-ljlasting room is on the first

floor, and is the first room encountered as one progresses from

the stock rooms into the rest of the plant. The first operation

on all castings being sand-blasting, the stock moves to this room
and then on to other operations without going "out of its way".

The turret lathe and automatic screw machine departments, in

which are i)erformed practically all first operations on bar stock,

are located on floors directly above the stock rooms ; and the bars,

having been cut into convenient lengths in the latter places, are

sent by elevator to the departments mentioned, whence they pass

on to succeeding operations. The inspection room is located

on the second floor, practically in the center of the complete es-

tablishment
; such a position seems logical when the fact that

pieces must travel to and fro between this and all other depart-

ments of the factory is taken into consideration. \"arious ma-
chine departments complete the first, second, and third floors.

The top floors, however, are occupied by departments that do

not, in general, take part in the routine production of duplicate

parts, and that do not impose great weight upon floors. The
advantage of the former characteristic is that the space traveled

to and from which would incur the greatest expenditure of labor

and loss of time is occui)ied by departments to and from
which travel is unnecessary. Examples of top floor departments

are the general factory office, the offices of the "mechanicaF'. or

engineering department, the drafting room, the pattern shop,

the tool room, the repair departments, and the motorcycle assem-

bling department. The power plant is situated between two of

the shorter sections of the establishment, and is supplied with a

switch track for l)ringing in of coal and hauling awav of ashes.
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Electricity is the means of transiiiissidu of power tliroii,!,^]! tlie

shop, a large generator driven through rope transmission hv a

Corliss engine heing tlie chief source of su])])Iy of current to from

one to three motors in eacli (le])artment, each motor lieing l)elte(l

to an indei)en(lent Hue shaft. 'J'he i)()\ver plant is under the direc-

tion of an engineer wlio haf in charge as well all electrical wiring,

sanitation, \-entilation. steam-fitting and other ])lumhing, and

general maintenance of huildings. Care is taken to keep the

huildings neat, clean, and in good re])air ; the effort made so to

do is, no douht, rewarded l)y its ])sychological eifect upon the

workmen, said elVecl tending in the end toward increased efh-

ciency.
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eral office is the chief clerk, whose forces comprise the pur-

chasing, receiving, shipping, time-keeping, pay-roll, and cost-

keeping departments ; it falls also upon the general office to main-

tain messenger service and telephone service in the factory. The
head of engineering departments is the chief engineer, below

whom stand the chief designer of pneumatic tools and the chief

designer of motorcycles. Below these two and subordinate to

both are the tool-designing and -making departments, the drafting

room, and the foremen of the experimental rooms. Below each

general foreman we find his "production" department ; below

the two general foremen and subordinate to both we find the

foremen of the dififerent manufacturing departments—milling

machine, drill press, grinding, plating and polishing, and the like.

There are, of course, some of the manufacturing departments

that do the work of one or the other general foreman only, and

in these there is no conflict of authority ; but in departments sub-

ject to both foremen there must be at times some means of de-

ciding whose orders are to have preference. This means is found

in reference on through to the works manager, who gives the

final word in case of conflict. It scarcely need be said that the

two general foremen are men of some reason, and that in con-

sequence they usually adjust their own differences without calling

in a third party. The organization of the power plant was
brought up in the preceding paragraph, and need not be discussed

further. Attention is called to the fact that the organization of

the "actual manufacturing" departments is that in which all ma-
chines or all operations of one distinctive type are grouped in one

department under a foreman who is an expert on the work placed

in his charge. The alternative method, that of performing in one

department all operations on parts of one type, finds its chief

application in factories whose products are made up of few, large,

difficultly handled parts; this latter method is, no doubt, the bet-

ter, as it eliminates a large amount of imnecessary handling. In

the plant under discussion, however, the pieces to be made are

small and of many dififerent types which facts seem to make the

former method of organization the one better adapted to the

work.

We shall now glance at tlie work of the engineering depart-

ments. The designers, acting on suggestions received through

the chief engineer from the works manager, work out such new
(k'\ices and improvements on old devices as may seem demanded
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l)y the market. All sucli <le\ioes are luadc u]) in the experimental

rooms, and arc thm-oii^lily tested out before l)ein,<j^ jilaced in line

lor i-(.'<;ular maiuil'aeture. The desij^-iiiiii;- (le])artment superN-iscs

the work of the drafting de])artment, ir. wliich is done all drafting

not elassified as designing; like\\i>e tlie l)lne-])rint department.

It also has charge of (kn-iding wliat sli.'dl he the order of the

\-arioUs o])erations which must he ])erforme(l on respective parts,

and wliat machine methods are to he used in res])ective opera-

tions. These methods, stated for each piece in the order de-

cided upon, constitute what is called the "lay-out" of the part,

and each foreman who does work on a piece is given not onlv a

hlue-pi'int of it, hut a co])y as well of that portion of the "lay-

out" which concerns him. I'",ach single part is the subject of an

indi\idual clctail blue-print of one of several standard sizes.

The ne.xt important f miction of the designing department is,

probabl}-, the su])er\ision of the working out and making of suit-

able jigs and tools for perfcjrming operations rapidly and well;

and still another ftinction is to write specifications for purchased

material, whether in the form of raw stock or finished parts.

in turning otu" attention from designing to the issuing of

orders for such material and laljor as may be needed for coni-

l)leting certain jM-edetermined (|uantities of machines, we obtain

our lirst view of the "production" departments. As the func-

tions of the two dei)artments correspond throughout, we may
limit our consideraticni to one only, say that having charge

of motorcycle production. The three primary functions of this

dei)artment are: ( i ) to issue orders for all material and labor

re(|uired for all motorcvcle manufacturing done in the shop, (2)

to determine which ])art of the work ahead in any department

is to be done lirst. and (3) to keep records which will show at

any time just how near completion any certain piece of work-

stands. It having been decided by the company officers to "put

through" a certain number of luotorcvcles, the ]:)roduction de-

])artment is notified to this effect through the works manager and

the general foreman. The department then formulates lists of

raw material and pm-chased parts rec|uire(l to com])lete the lot of

machines in (|Uestion, making allowances f(U- spoilage during

manufacture, and sends to the purchasing department requisitions

for said material and ])arts. Xext the de])artment issues orders

for work, one co\ering each o])eration on the (|uantity of each

difftreiit part needed, and sends these orders to the res]:)ective
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manufacturing departments in which the various operations are

to be performed. As the raw material comes in, it passes through

the receiving- and stock-rooms to the department which is to

perform the first operation. This operation over, the foreman

passes the work on to the department next to handle it. sending

with it a slip stating the number of pieces in the consignment,

the number (one, in this case) of the operation just performed,

and the serial number of the lot of machines for which the parts

are being made. This sli}) is made out in trii)licate ; one copy

goes as a notification of arrival to the foreman receiving the

work, another remains with the work until replaced bv the slip

for the next operation, and the third is sent to the production

department. For each separate part needed on a motorcycle

of the type called for, the latter department keeps a large sheet

having a column for each operation to which the part is subject.

As soon as a slip is received, the number of pieces marked thereon

is posted to the proper column of the sheet ; in this wav the

production department may know at any time. Ijy merely glanc-

ing at the sheet, just how the lot of parts is progressing. After

assembly has begun, there are times, of course, when some pieces

must be worked in shorter order than others ; it then falls upon
the production department to see that work on these pieces is given

preference in the manufacturing departments. This is done by
sending notices to the foreman to rush work on the pieces men-
tioned, and by having each foreman mark with the word "rush"

the slip which accom])anies these pieces as they leave his depart-

ment.

If one were to look at the "lay-out" of an}- part he would notice

every third or fourth operation to be listed as "inspection." each

lot of parts being examined carefully in the inspection depart-

ment after each two or three manufacturing operations. The in-

spection room is equipped with a comprehensive outlav of guages,

testing jigs, and fine measuring instruments, and is provided with

the allowable limits of inaccuracy for each dimension found on

each part which manufactured in the plant. If an\- dimension

exceeds its limits, the faulty piece is retm-ned to be repaired, or

is consigned to the scrap-heap if repair is impossible. W'itli

this system of inspection any imperfection of material or work-

manship is detected as soon as it is in sight, and no time is wasted

doing further work on pieces already spoiled. The svstem is

rather expensive to maintain, but it is excellent insurance of the

equality of the work turned out.
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Thus ha\'c \\c i^diic (i\cr, in a smiK-whal lia>t_\' nianncT. the

general principles of nianutarturin^- wliirh arc ap])lic(l in the

plant discussed, and it is Imped that some few ideas of factory

management are now clearer than they were hefore.

While we have agreed not to discuss machine methods in this

article, the interest that such methods arotise may he sufficient

excuse for adding that the factory is supplied with strictly mod-

ern eciuipment—-for example, \ertical turret lathes, single- and

multi-spindle automatic lathes (nearly one hundred of these ma-

chines alone), thread-milling machines, auto-indexing milling

machines, gear-hohhing machines, gear-shaping machines, multi-

spindle drill presses, and all types of grinding machines.



TEST-TUBE AND TRANSIT
EDGAR P. MERCIAN, '13

If the shoemaker had stuck to his last as he was advised to

do in the old motto, we might still be back a hundred years or so

in the history of footwear. Shoes would be made by the pair

instead of by the million pairs, and would only be made in every

village instead of in some urban factory center. But the shoe-

maker, like many another craftsman has called on modern meth-

ods for help. He has seen in the course of years that his craft

was not self-sufficient for greatest advancement, and when he

called in science, mechanics and modern management there were

wonderful transformations.

This evolution was one demanded by economic conditions and

similar changes are traceable in many other industries. Some-

times the changes were due to causes that were very evident,

and in other cases economic causation was not so plain.

The luxuriant Tudor architecture is due, it has been said,

to the introduction of the turnip into England. "For the root

crop enabled the sheep raisers to carry their animals through

the winter, and as the climate of the British Isles favors sheep

raising, the creation of a winter food supply immediately made
possible the expansion of wool trade. By this large fortunes w-ere

soon accumulated, and the men thus enriched promptly expended

the surplus in stately and sumptous residences."*

In a like way we might trace out many great changes to

causes ordinarily unsuspected. We might show that the success

of our great textile and pigment industries dated back to the

laboratory man who had experimented with the benzene ring

—

and synthesized the aniline dies. We might trace the growth

the Steel Trust to the chemical insight of a man with a vision

of the metallurgy of the future.

The history of industry is full of similar examples giving evi-

dence that oftimes matters of seeming little import—things of a

business, scientific or artistic nature—atTect the whole future of

an art or craft. In modern industry the part that chemistry

plays is no small one. Working hand in hand wMth engineering

and with business management it has solved many problems of

the past, and if we take the word of Professor Duncan of the

*Brander Mathews's Economics Interpretation of Literary History.
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University of I 'ittshuriL;^!!, it has still more wondrous worlds to con-

c|ner.

Modern industry is lari^elx' huilt U]H>n the three lirni snpports

of economics, science and industrial art. lUil when we try to

separate the elements we ha\e a ditlicnlt task. We cannot tell

what is business and what is en^-ineering and what i> chem-

istry witlmnt ])ullin<4- the industry to pieces. The organization is

so intricate and there is such a hewildering network of inter-

relationshi])s of fundamental princi])les. of science and art. of

manual and mental details, that it is diflicult to make any analwsis

that will nK>re than approximate pro])ortional ])rominence of dif-

ferent ])arts in the make-up. lUit knowing that the combinations

are largeK- reducible to elements of the ])h}sical sciences, chem-

istry and physics, and the social science of economics, one who

wotild be an expert has the foundation of his edttcation. The

would-be expert [proceeds along these lines until he tinds the trail

of the past masters of his chosen art.

There have l)een many classifications of industry, l)Ut for

present jun-poses it is sut^cient to divide industry into two ar-

bitrarv classes, those in which chemical processes are at the

basis and those in which they are not. The mere enumeration

of some of the more important of the hrst class shows a number

which seems surprisingly large. It includes all metallurgical,

fermentation, ceramic and textile industries ; the manufacture of

soda, acids, drugs, and fertilizers
;
pigment and glass industries

;

the manufacture of gas and of coal tar products; soap and oil

and starch and sugar manufacture; the production of paper, the

tanning of leather; foodstuft" industries, the utilization of by-

products, and many others.

In the other group might be mentioned the steel and iron

division, the wood ])roducts division, and others; but it should

be noted that nearl\- every one of these relies on the ser\-ices of

the chemist at some point or other in the manufacturing pro-

cedure. Analyses are required to show the purity of raw ma-

terial> or of i)roduct. Ldeaning agents of acid or alkali are re-

quired. ( lahanizing, and ])lating, and dozens of other operations

are found—oi)erations which it is the business of the chemist to

understand.

( )n the other hand nearly every one of the industries which

are primarilv chemical in nature or wdiich are based on chemical

process, recjuire in their actual operation the work of the engi-
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neer. There must be power ; the power must l)e transmitted

;

there must be machinery of various kinds ; and various engineer-

ing operations must be performed—operations which it is the

business of the engineer to understand.

Not only are the chemical and engineering industries in gen-

eral make-up so entwined. l)Ut the work of the individual en-

gineer and chemist, also, is often bound up with, or closely re-

lated to the work of the other. The electrical engineer is required

to be an expert electro-chemist, to understand the workings and

laws of physical chemistry as well as those of engineering. The

mechanical engineer has reason to wish to know the chemistry

of materials, the chemistry of gases, and the application of

chemistry to boiler water purification and things of practical im-

port. The sanitary and ceramic engineers, from the very nature

of their work must be chemists to some extent.

]n the same way the chemist, if he would i)ut into industrial

application his science, nuist be more or less accjuainted with

steam and ])ower apparatus, with mechanical contrivances, and

with the principles of mechanics.

To illustrate the point may be cited the way in which chemists

go into industrial work after completing their technical train-

ing. .Some statistics of the department of chemistrv of the

university prepared a few years ago show this to be true of

the University of Illinois, that chemists go into the industrial

held for em]:)loyment rather than into the academic. ( )ut of

the graduates from the courses in chemistry and chemical engi-

neering for ten years but ten per cent went into the teaching

profession wliile fort}' per cent went into technical industries.

Another eighteen per cent became superintendents in charge

of chemical industries and six per cent Ijecame industrial or

analytical chemists. Twelve per cent became research chemists.

The remainder were divided up among general business, medicine,

and graduate work. The research chenu'sts were about evenly

distrilnited between government, university experiment station

and special research conducted by manufacturing firms. The su-

l)erintendents were in charge of industrial processes such as the

manufacture of sulphuric acid, fertilizers, starch, glucose, etc. The

chemists in technical industries included insj^ection chemists for

railroads, supervising chemists for packing houses, soap manu-

facturers, metallurgical and ceramic industries, etc. Thus we mav
see tliat al)out two thirds of the numl)er were directlv engaged
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in technical work, and others were iniHrcctly cnf^at^cd in such

work.

Were similar .statistics available for the graduates of the

engineering colleges it would he i)ossihle to show how large a

number of engineers secure work in industries such as those

mentioned wliich .are ])rimarily chemical, nr lundamentallx' chem-

ical.

I'.ut the economic relationshi]) does not end here. I'lach is

constantK- making inroads upon the work ol the other to tlie

end of greater efticiency, and of more scientit'ic knowledge of

technical i)rol)lems. The engineer perfects arrangements and

devices whicli make new work for the chemist ])ossible, or which

eliminate processes or steps in manufacture. He presents ma-

chinerv and mechanical devices without which much of the

work of the chemist would remain undone.

The chemist in turn does the same for the engineer. He finds

uses for bv-products ; he furnishes reliable information as to

comijosition of material and product, and in many ways he steps

in to lighten the work of the engineer or to make the industry

more efficient.

Much might be learned by a detailed study of the history of

the development of economic interrelationshij) of chemistry and

engineering. The latter is so much the older applied art that

possibly this survev would be unnecessary for more than the past

few hundred years. lUit with conditions as they now are. it

is almost axiomatic that the students of the one should pay some

attention to the other, if bu: for the illumination of their own vo-

cational viewpoint, and with no cultural object.

To what extent the chemist should set aside his test-tubes and

retorts to pav attention to engineering is another matter. Even

in this university the question is solved variously by tiie courses

in science with major work in chemistry, by the chemistry course,

and l)v the course in chemical engineering.

luigineering students, too. elect varying amounts of chemistry,

or find it re(|uired bv those who have outlined their courses, and

it i> beconung more and more accepted that such election is

wise. This tendency, however, is but one of the many which

seem to indicate an even closer harmony in the future between the

test-tube and the transit.



THE DEPARTMENT OF MINING ENGINEERING AT
THE UNIVERSITY OF ILLINOIS

W. LERICHE, '14*

Alining subjects were taught by means of lectures at the Uni-

versity of Illinois by Professor Robinson, of the Mechanical En-

gineering Department between the years of 1870-78. During

1882-83 President Peabody lectured on mining subjects to two

or three students who were registered in the course, b^rom 1882

until 1894. when the course was dropped, mining subjects were

taught by professors who were engaged in teaching other engi-

neering subjects. During this time about two men were grad-

uated, one of whom is Dr. J. B. Rutledge, Mining Engineer of

the United States Pureau of Mines. Between the years 1894-

1907 instruction ceased entirely.

Dean Goss revived interest in the matter in his first report as

Dean of the College of Engineering, under date of Alay 26.

1908, by recommending that the University enter this field.

Closely following this recommendation the Dean sent out letters

of inquiry to prominent coal men, mining engineers, and other

influential men of the state, explaining the proposed character

of the work and asking for their opinions. The replies were in

every case heartily in favor of the plan. Accordingly Dean Goss

included in his "Statement of the Appropriations Urgently Need-

ed by the College of Engineering for the two years beginning

July I, 1909," provision for instruction and ecjuipment in Alining

Engineering. On March 11-12-13, 1909, the Illinois Fuel Con-

ference, held in Urbana, brought together men from Illinois and

adjoining states who were connected in all branches of the mining

industry. A committee, appointed by the conference, composed

of mine operators, miners, mine inspectors and manufacturers of

the state introduced a bill into the Legislature "authorizing and

directing the establishment of a department of Mining Engineer-

ing at the University of Illinois, and providing for the support

of the same." Closely following the introduction of this bill

*The writer wishes to acknowledge his indebtedness to Professor Stoek,

Doctor Lincoln and Mr. Lauer of the department of Mining Engineer-

ing for valuable suggestions and criticisms. Thanks are due Mr. S. O.

Andros, also the photographic department of the university from whom
the prints were obtained.
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an act authorizing the estal)li^hnK'nt of this flei)artmcnt was

signed hv ( iovcrnor Deneen.

TIk' lU'xt sle]) was to secure a man l)cst i|uaHiie(l for the ])osi-

tioii (if licad iif the Department. On account of his previous

work in mining, II. 11. Stock. E(Htor of ]\Iines and ^Minerals,

was api)ointed Professor of .Mining luigineering on Sei)teml)er

21, 1909. From C)ctol)er i, 1909, when Profes-sor Stock assumed

his duties the department has steachly jn-ogressed. and now a

course is offerc<l which is comparal)lc with other engineering

courses at the L'niversitx and the courses in mining of other

Engineering Colleges. While the ])resent course prepares stu-

dents for the \-arious ])hases of mining the original puri)ose of

the department, namely, "to concentrate its energies upon the

problems of (un- own state." has not heen overlooked and special

attention is ])aid U) the mining ])rol)lems peculiar to the .state of

Illinois.

Courses were not oiYered during the tirst semester of the year

1909-10. Professor Stoek's activities during this time were con-

fined to planning a course of study. ac(|uainting himself with con-

ditions. both at the University and throughout the siate. by at-

tending meetings of the Illinois Coal Operators' Association,

the United Mine Workers, the State !\Iining lioard and similar

organizations. Three regular sophomores in mining, one in me-

chanical and one senior in civil engineering were given instruc-

tion in the regular sophomore mining course the second semester

of the year i(p9-io.

The Cherr\- Mine disaster which occurred during 1910 had

nnich to do in bringing the department of Mining Engineering

to the attention of the people of the state, for, of the measures

introduced into the Eegislature in sjiecial session, two were of the

utmost importance in this connection. They were: an act pro-

viding for the establishment of Miners' and Mechanics" Insti-

tutes and aiipro])riating $25,000 for the same ; and the establish-

ment of a -Mine Rescue Service, under the control of a com-

mission representative of the Mining Department of the Univer-

sitv. This service was the direct outgrowth of the work of the

Mine Rescue Station at Urbana and the L'niversity and the State

Geological Survey can claim nnich of the credit for the establish-

ment of the service which now has three fully equipped stations

and cars and over 1300 trained men in the held. Only those closely

connected with the mining industry of the state can fully appre-
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ciate tlie benefits which l)oth tlie miners and operators have de-

rived from this work. It alone justifies the establishment of a

department of Alining Engineering at the University of Illinois.

During 1910-11 experimental work was begun b_\- securing

large samples of coal from the Danville district, and testing them

for compressive strength. The department was represented by

Professor Stoek on the Alining Investigation Commission ap-

pointed in 1909, which commission had the power and authority

to investigate the methods and conditions of mining coal in the

State of Illinois with special reference to the safety of human
lives and property and the conservation of the coal deposits.

This Commission prepared a complete revision of the coal min-

ing law, which was passed by the Legislature essentially in the

form presented by the Commission.

Another commission upon which the Department of Alining

Engineering is similarly represented is the revising of the mining

law in the light of the experience of the past two years.

The Legislature of 191 1 made possible a decided improvement

in the work of the Alining Department by increasing the appro-

priation for operating expenses and b\- appropriating $25,000 for

equipment, also authorizing a Co-operative Investigation of coal

mining conditions in Illinois by the Department of Alining En-

gineering, the State Geological Surve}' and the United States Bu-

reau of Alines. It was hoped that a separate mining building

could be obtained, but instead of the $200,000 asked for this pur-

pose, $25,000 for equipment was given.

The writer thus far has attempted to show that mining condi-

tions in tlie state were such that there was a demand, on the

part of the operators, for the establishment of a mining school,

and that the early work and that carried on at the present time

justified such action. The remainder of this article will be de-

voted to a description of the course c)f study, the methods of in-

struction, the new mining laborator}' and equipment.

The methods in instruction may be classified as lecture and

recitation, drafting and designing, shop and laboratory, field trips

and seminar work. The lectures are designed to give information

and instruction in special mining problems peculiar to the State

of Illinois, wliich have not, as yet. been covered by text-books.

Elementary drafting is given in the freshman year and designing

in the senior year. The drafting is the same as that given stu-

dents in other engineering courses. The designing, however, is
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restricted to mining problems such as, the design of Cyanide

plants, smelters, coal washers, etc. Shop practice consists of

practical work in the woocl and forge shops and tlie foundry.

The work in tlie laborator}- consists of general, qualitative and

quantitative analysis, gas and fuel analysis, assaying, the study

of mine gases and experiments with safety lamps, mine fans,

water guages, coal cutting, coal washing and ore dressing ma-

chinery, blasting and explosives.

Trips of inspection are made to points of special mining in-

terest in the state during the four years of the course. Training

in technical writing is obtained in ccMinection with these trips

since all of tliem must be written up. i'he seminar work is op-

tional with the student. It consists of presenting papers on sub-

jects of mining interest before the Student r)ranch of the Amer-

ican Institute of ^Mining Engineers, which meets bi-monthly.

The Mining Department has occupied the second floor of the

new Transportation Building since the beginning of the school

year 1912-13. The ventilation laboratory is situated on the east

side of the corridor and just to the left of the south stairs. It

contains all the necessary appliances ; such as safety and testing

lamps, magnets for the locks, electric device for lighting and

unlocking certain types of lamps, and other apparatus required

for the proper study of mine gases. A dark room contained in

the laboratory for photometric work is equipped with an Oldham

gas testing machine.

A museum of mining appliances and the recitation rooms are

located on the west side of the corridor and extend almost the

entire length of the luiilding. The room in the northwest corner

has been fitted up as a librar_\- and study room. Liound copies

of the leading mining magazines, the proceedings of the American

Institute of Mining Engineers and a good collection of State

Geological Survey Reports are on the shelves.

There is a large drafting room equi])ped with desks, a complete

set of manufacturer's catalogues of mining machinery and an in-

dex of the same, an assortment of mine maps and mine structures

and a library containing the princi])al text and reference books

on mining. 'i"he instruments used in underground surveying

—

mining transits, hand instruments—levels, transits, etc., are also

kept in this room in order that they may be used for class demon-

strations. An adjoining recitation room is equipped with a stere-

optican and a chemical table used in class demonstrations with

mine gases.
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The principal mining laboratory Fig. i is just east of the

Transportation Building. It is divided into two equal sections 50

feet long by forty feet wide one for the treatment of ores and

one for washing coal. The north end of the building contains a

coal crusher, an Allis Chalmers gyratory crusher and a roll for

ore.

The material is crushed and delivered by gravity into a con-

tinuous peck carrier which is equipped with an automatic dump-
ing device. On its upper run the carrier may be dumped into any

one of five steel bins of 5 tons capacity, by placing the dumping

device over the bin. Beneath these bins is a track upon which an

Avery automatic scale travels and through which the material

is delivered to either the coal washing or ore dressing apparatus.

If the material is coal its course is as follows. It is passed

through either a shaking or revolving screen, each of which is

fitted to separate four sizes. Each size falls into a separate

bin from which the coal is taken to a dormant scale, then de-

livered to the lower run of the carrier and dumped into the

upper bins. Through the automatic scale the coal is delivered to

a three compartment New Century jig or to a Stewart jig.

The washed coal is placed into a 1300 gallon settling tank from

which it is elevated by a bucket elevator into an overhead bin.

thence by the peck carrier into a bin outside the building. From
this bin the coal is cartetl away to the power plant. The capacity

of the washer is five tons per hour.

When ore is treated it is run through the gyratory crusher and

next, either through the crushing rolls or the stamp mill. When
the stamp mill is used with gold ore, the material, which is al-

most powdery at this stage, is mixed with water and allowed to

flow over amalgamated plates. The free gold in the mixture is

collected on the plates. When copper ore is run through the

amalgamation process is omitted. The crushed copper ore or

the mixture from which part of the gold has been extracted is

pum})ed into two hydraulic classifiers, by a Traylor centrifugal

sand pump. These classifiers separate tlie material into fine

and coarse particles ; the coarse going to the Traylor concentrator

and the fine to the Chalmers & Williams vanner. Fig. 3. The

concentrator and vanner further separate the material into two

products. The heaviest product is technically spoken of as

heads and the lightest as tails. The heads which constitute the

most valual)le product are caught in tanks and dried. The tails
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are allowed to tiow into Callow settling tanks Ijcneath which are

steam drying tables.

In addition to the g}Tatory crusher, ore roll and coal pulverizer

mentioned above, the north end of the laboratory contains two

sampling floors—one for coal and one for ore—a sample crusher,

sample grinder, sample pulverizer, bucking board, mechanical

bum])ing screen, a hand screen for separating several sizes at

one operation; and on the upper floor a small size concentrating

plant, consisting of classifiers, jigs, settling tanks and Wilfley

table, which is used for laboratory work.

A blasting and explosives laboratory, a rock drilling and coal

cutting laboratory are also contained in the main laboratory build-

ing. The eciuipment includes blasting supplies, rock drills, coal

cutters and oxygen helmets with auxiliary apparatus.

The chemical and assay laboratories occupy the south end of

the main laboratory. The}- contain hand jigs, Munroe classifiers,

jolly, pulp and button balances, a sink-and-float machine, gas

assay furnace gold pans and other equipment necessary for tests,

assays and coal analyses.

The Mining Engineering department thus has a very complete

equipment and is prepared to give instruction in all branches of

Alining Engineering.



A HIGH VOLTAGE TESTING EQUIPMENT
['. C. L()R1X(;

/ iistntchir in Jilectrical liiujiiiceriity

The Electrical Department has recently received and installed

a 200,000 volt testini^ ef|ui])ment consisting of a hij^h voltage

transformer witli controlling and measuring a])i>aratus.

This e(|nipment will be used in studies of Corona and other

phenomena of high voltage lines, in the study of the action of

lightning arresters and other protective a])])aratus and in the de-

termination of the breakdown ])oint of oil and of various forms

of insulators.

No subject is receiving more attention at the ])resent time tlian

that of the study of the properties of insulators and of insulating

high tension transmission lines.

One system is already in operation at 145,000 volts and another

is contemplatefl at icSo.ooo volts.

It is recognized, however, that operation at 110,000 volts is

far from being thoroughly understood for phenomena which were

not antici])ated have occurred and demand attention before higher

\'oltages should be attempted.

It was thought a few years ago that the suspension type of

insulator would adequately meet all requirements for increases

in voltages for many years to come. The limiting factor in re-

gard to the use of high voltages at that time was thought to be

the effect of corona and leakage into the atmosphere. Xow it

is seen that these views need revision especially, in regard to the

sus]:)ensi()n type of insulator.

Some of tlie uncertain conditions manifesting themselves in

a high voltage transmission system, are mainly, the lightning

arrester ])rol)lem, the high tension transformer and the behavior

of oil circuit breakers when large amounts of power have to be

handled. The transformer is shown in iMg. 1 and has the fol-

lowing characteristics.

Classificati<^n 60 cycle— 100 kw.—500 2000—200,000 volts.

Rated kw. capacity 100 at 60 cycles.

,r , Uiiffh Tension 200,000.
\oltS

r T^ .

^Low lension 500— 1000—2000.

,
( High Tension o.s.

Am])eres r ^^ .

I
I ,o\v J ension 50.

Katio of Transformation with full windings in circuit lOO to I.
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Approximate Dimensions and Weight
Height to top of high tension leads Q ft.

Height to top of cover 5/2 ft.

Floor space 414 ft. dia.

Total weight including oil ' 3^ tons

Oil required 5 Ijbls.

Transformer Construction

The general design of the transformer is that of having the

coils arranged concentrically aroimd the core. The coils and

core are contained in a heavy boiler iron tank with a cast iron

base. All joints are oil tight by heavy riveting and calking.

The coils and core are fastened to the cover which is provided

with lugs for lifting purposes.

The core is built up of steel laminations of high permeability

and low hysteresis loss with inappreciable magnetic deterioration.

The laminations were annealed and insulated from each other so

as to prevent too high a loss of energy due to eddy currents.

The low tension coils were wound on winding forms and in-

sulated and then placed over the core. The high tension winding

consists of a number of coils, wound and insulated separately,

and assembled over the secondary. The winding is heavily in-

sulated between turns and layers and has a heavily reinforced

insulation on the terminal coils. The high and low tension wind-

ings are thoroughly insulated from each other and from the core

and frame. The windings are provided with ducts for the free

access of the oil to all parts. This insures an even temperature

throughout the windings.

The core and windings are immersed in a special oil which has

a high flashing point and good insulating qualities.

The low tension terminal leads are brought out through por-

celain bushings which have sufficient surface to prevent leakage

to the frame of the transformer. The high tension leads are

specially constructed of annular sections of insulating material,

between which are assembled discs which provide large leakage

surfaces. The construction of the lead is such that the sections

are held firmly together by means of a metal rod ])assing through

the center. This rod also serves as the lead conductor. Provision

is made for the expansion and contraction of the filler thus ])re-

venting any abnormal pressure within the lead.

The specifications call for a performance as follows : "After a

run of 8 hours at 60 cycles, 200.000 volts, and 0.5 amperes, the
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rise in tcinprralure nf ;iii\- ])arl of llic tran>fi iniKT a> measured

l)\ tlieniii iineler will not exeeeil 40 (le,i;rees l'.. and the rise in

tein]ieratnre ol the eoil^. as measured 1)\ the increase in resist-

ance, will not exceed 30 degrees C, on the hasi- of normal con-

ditions of \-entilation and atmosjiheric ])ressure with corrections

lor \ariations therelrom made in ac'cordance with the standardi-

zation laile^ of the American Institute of I'^lectrical Engineers.

The insulation hctween the low tension coils and the core and

tank will w ithstautl a te-^t of 10,000 \-olts alternating current for

one mintile."

The hii^h xoltage test consisted in subjecting the windings,

with tile \(iltage su])plied from excitaticMi on the low \dltage

-ide to 250.000 volts alternating current for hve minutes with

hoth high \-oltage terminals free.

A full load efficiency of 95 '}'( is guaranteed.

C'f )X'r[« tl.l.l XC, .AlTAKATrS

The controlling ajjparatus consists mainh' of two switchboard

l)anels as shown in b'ig. —
The smaller of the two panels is mounted on ])i])e sup])orts

near the transformer, to which are attached the \ariou> low

tension leads and high tensit)n voltmeter leads.

l-'or making tests a special switchboard is used consisting prin-

cij^ally of two slate panels and two draw^ers with glass tops, for

the instrtunents. these being mounted on a frame work of angle

iron and enclosed within a hea\\' iron wire network.

The ])anel sections on the front are composed of ebony asbestos

lunilier. This arrangement while seemingly expensive was con-

sidered necessary to eliminate all danger as it is not possible

for an operator to come in contact with any live parts unless

thr' itigh carelessness.

Mi:Asi-kix(; Aimwratts

The measuring apparatus consists of the following meters:

( I ) Single phase wattmeter— 1.5 3 watts max. amp. 0.06

—

max. \-olts 75 1 50.

(2) Single phase wattmeter— 5 To watts max. amp. 0.2—
max. volts 75 I 50.

(3) Single phase wattmeter—
1 5 30 watts max. am]). 0.6—

max. volts 75/150-

(4) Single ])hase wattmeter 37.3 J^ watts max. amp. 0.75

—

max. volts ~^ 1 30.
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A 200,000 VOLT TRANSFORMER
Courtesy The General Electric Co.
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(5) Ammeter Type R, range 0-15 amperes.

(6) Ammeter Weston Type range o-ioo amperes.

(7) \'(iltnieter Type I '., ranges 0-30 and O-Cx) volts.

( S ) \olimeter Type I', ranges 0-150 and 0-300 volts.

(9) \()ltmeter Ty])e R, range 0-175 volts.

(10) Two piitential transt'nrmcrs ratio 4-1.

(11) I'ower factor meter.

(12) I'^reqnency meter ( Frahm s\stem ) 22. 5-()0 cycles.

Zcw Teri'iioii Cot,kH.Lhc>i^
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which are mounted vertically, attachment is made to copper rods

which carry the high voltage current to the article under test.

These copper rods are fastened to the lower ends of a string of

four (50.000 volts each) insulators in series.

The ceiling of the high tension room was covered with one half

inch wire gauze. This ceiling together with all conduit, ma-
chines and switchhoard panels was thoroughly grounded to a

water pipe.

The complete arrangement c^f connections and apparatus for

measurements are as shown in diagram Fig. 3.

Operation

In operating an equipment of this sort many precautions, safe-

guarding those conducting the tests and the apparatus itself,

must be taken and rigidly adhered to.

The most important instructions covering the operation of the

transformer are as follows :

(1) If violent sh(jrt circuits are to be expected on the high

tension side of the transformer, it should be protected by a

suitable reactance coil mounted on each terminal.

(2) The transformer should not be excited through the volt-

meter coil.

(3) Care must be exercised to see that the voltmeter and

wattmeter connections are properly used ; also that the middle

of the high tension winding be always kept closed, either through

the film cut out with the film removed or through the series coil

of a wattmeter or by an ammeter.

(4) In connecting the low tension coils to the three double

pole, double throw switches, the high tension voltage may be either

200.000, 100,000 or 50,000 volts, with 500 volts impressed on the

low tension winding.

(5) The upper end of the lower half of the high tension

winding is connected to the start of the voltmeter coil, and per-

manently grounded to the core. The cable from this point is

brought out to the film cut out and ground connections should

be made from this and also from the transformer case per-

manently to a water pipe.

(6) A ratio of 1500 to 200.000 volts can be had by placing

two of the low tension coils in parallel and then in series with the

other two coils, themselves in series.

(7) A connection to be avoided is that of placing two of the
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low tension coils in parallel and then in parallel with the other

two coils, themselves connected in series.

( 8 ) Samples of the oil should be taken from the top and

bottom of the tank occasionally and tested. The transformer

should not be operated, unless the samples test at least 40,000

volts for 0.20 inches between 0.5 inch discs.

(9) The tank should be kept filled with No. 8AA transil oil

to within one inch of the top. The gaskets under the rim of

the tank should always Ije in place, with the cover bolted down
air tight.

(10) The safety valve is for the purpose of relieving the

interior pressure if such should result from a short circuit or

other accident. It should be adjusted to open at from two to

five pounds pressure per square inch.

(11) The transformer is designed for normal voltage at

60 cycles. A higher frequency, while permissible within certain

limits, causes additional strains on the insulation beyond the

design limits.

(12) A frequency less than 60 cycles may be used provided

the voltage is reduced nearly in proportion to the frequency so

as not to exceed the normal flux density of the core.

(13) Care should be exercised in carrying the voltage above

the 200,000 point, for a little beyond, the transformer, Ijy con-

version, will arc between terminals.

(14) The transformer will safely stand double load for Yz

hour.

(15) Under no circumstances should the transformer be op-

erated so as to exceed an actual temperature, measured by ther-

mometer, of more than 60 degrees C, in the oil at the top of the

tank.

(16) There is some question as to the proper method of regu-

lating the voltage as it must be accomplished by means which do

not alter the shape of the alternating current wave form which
should be a true sine curve. Induction regulators, auto-trans-

formers, and water rheostats have been used for this purpose

but the method adopted, that of controlling the field of the alter-

nating current generator seems to be the best.

(17) The voltage is determined by the means of an ordinary

voltmeter in connection with a step down transformer. However,
a spark gap is to be used, in addition to the above in order to

give more accurate readings.
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AN APPROXIMATE METHOD OF DETERMINING
ELECTRICAL CONSTANTS OF AIR COILS

H. A. BROW X, 1'. (..

Unh'crsity i>f J Hindis

L ntil rather recent years the electrical eiis^niieer has heeii handi-

capped in almost ever\' turn ])\ an nndesirahle amount of reac-

trmce popularh' called "self induction". Jt has seriously afifected

the line regulation, the \dltage control of transformer regulati(Mi

and the \dltage of generators. W ithin the last few years how-

ever, this condition has changed. l-ung distance transmission

swstems Using 100,000 volts or so have usually a deficiency in

reactance and an nndesirahle amount of capacitw Large trans-

formers can hartlly he designed with sufficient self induction for

self protection in case of short circuits, and turbo generators are

likelv to take such excessive current at short circuit that the in-

cidental stresses demand almost prohibitive mechanical con-

struction. It is thus evident that the engineer now is interested

in self inductance and in reactive coils for an entirely different

reason than that of a few years ago and the manufacturer is

calling upon him to design such coils to be inserted in almost all

the large systems of today.

\\'hile it would look as if the design of such a coil would be a

^erv simple matter it is not the case. To make an accurate

determination of these coils requires difficult and laborious calcu-

lations. Practically, however, it is possible to get quite fair ap-

proximation by relatively simple means and I am proposing this

very simple method, not claiming that it is sufficiently accurate

where the reactance must be determined within i[/, or so but

in ninety-nine out of a hundred practical cases.

It is the purpose of this article to explain, how in a ver}- simple

wa\-, by means of diagrams and formulas, the constants can be

obtained with a very fair degree of accuracy and with little cal-

culation.

It is well known that the relation between density and M. AI. I-".

in a long air coil is expressed by the following equation :

P. 1 <I>

M. ^r. !•. = Am]), turns = Ni = — = .8 P, 1 = .8 — 1. . ( i)

W here 1 is the axial length and a cross section in cm. and cnr"

res])ectively of the coil. 1! is the density and <J> the total flux. For



Detkrmining Ei.i'CTRicAi. Constants of Air Coils 139

other coil shapes a constant k diiTering from .8 can Ije introduced

and this article gives the value of this constant so that for any

coil shape the above equation can be written : Xi = kBl (2

)

It is proven below that this constant k is divided by 10- also

enters in the inductance formula.

k a Ni
From ( I ) we get $ =

1

N<^
but the inductance L is

TO* 1

ka N-
Thus L = ^ henries

loM
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The constant k has been determined under the arbitrary as-

sumption that a is the inside area of the coil even though it is

evident that considerable flux exists among the wires.

MmiMiumtnimmii iiuu>««niit«i«
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Tlie ^aluc of the constant as shown in the accompanying

diagram has been calculated from a L'niversal formula derived

by Professor Morgan P> rooks, which is accurate within a fraction

of a per cent. The constant is obviously always the same no mat-

ter how large or how small the coil may be. or how many turns

of w ire it may have.

Il.I.rsrKATION OF THE USK OF THE DIAGRAMS

Determine for instance the relation between M. ]\I. !•
. and

density and the inductance of coil of wire having 1000 turns

and carrying 10 am{)eres, and assume that the proportions are

similar to those of the second coil illustrated in the diagram.

Let the inside radius be 15 cm. and the axail length of the coil

be 7 cm. Thus K ^ .53

K a T .53 X loooo
B = = = 757 lines per sq. cm.

1 7

and

K a X- o3 ^ 706.0 X 10"

L = ^ ^ = .534 henries.
10* 1 10^ X 7

The accuracy of the results depends upon how closely the

proportions of the coil are the same as those of the diagram.



SURVEYING IN MEXICO
H. R. THOMAS, B. S.

Fellozv in Theoretical and Applied Mechanics

If you take a map of Mexico you can readily find the towns

of Tampico and Veracruz, and if your map is large enough

and you look carefully you can locate the town of Tuxpam.

Now if you make a dot some forty or fifty miles inland from

Tuxpam you will thus locate the Meza of San Antepec. which in

the summer of 191 1 was the site of an engineering camp of the

]\Iexican National Railroad.

The Meza of San Antepec is some 1400 feet above sea level

and to the northw^est it gradually rises up to the elevation of real

table land of the interior of Mexico. An hour's ride from the top

of the ]\Ieza will carry one down to the lowlands, and it is here

that is found the real tropical jungle of Mexico.

To the newcomer the tropical forest is a never-ending source

of interest and pleasure. Here grow the ojite, zapote, the bamboo

and other trees with new and unfamiliar names. One tree in

particular called the liigncro is apt to excite the almost morbid

interest of anyone who has seen it enough to realize its method

of growth. It will start as a vine which runs along the

ground until it reaches a larger tree. It will then grow uj) the

sides of the tree, sending out branches along all the largest limbs

of the main tree. All this time it sends out little leafless branches

that run around the trunk and limbs of the host until the whole

tree is covered with a network of living plant, which then begins

to squeeze and squeeze until there is onl}' one possible end.

The main tree is unable to grow any more and so in a few years

it has died and rotted away, leaving the Jiigncro a thriving tree

with trunk and limbs built along truly engineering lines for econ-

omy of material. Thus the higucro demonstrates the survival of

the fittest and by its method of growth is able to climb up to the

sunlight and air in a most ingenious way.

And this whole forest is as tropical in appearance as one's

imagination could picture. All of the trees are so covered with

air-plants and parasites until it is hard to tell a dead tree from

a live one. ( )ne vine in particular clinil)s uj) the trunk of a tree

and then apparently unable to secure enough food sends down

long, snaky roots, some of which may be forty or fifty feet long,
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and (luly a> lars^c as your lilllr liiii^cr. Thcx ])rcscnt a ,<jrc'\\>()nie

appearance, but are extremely useful as cords for tying up

bundles or building houses.

The natives are practically all Indians and live in little scat-

tered villages. W hilc they are usually peaceful, they seem to

enjoy the excitement of chopping each other up with machetes.

Ivich person, from a ])o\ just able to walk to the gray-headed

man wears a )nacJictc in a sheath attached to his belt. And the

)iiiuliete is as useful as the proverb—woman's hairpin, being

e(|ually serviceable as an instrument to use to cut down a tree or

to carve an enemy's neck or one's own toenails.

The houses in which the nati\es live are ustially made of a

pole framework tied together with roots. Tied to these poles

are sections of bamboo that have been s])lit and flattened out.

A few leaves on top for a rt>of and the house is complete.

The railroad k)cation party that was camped on the ]*kleza of

San Antepec in the stmimer of 191 1 was made up of live mem-
bers besides the Chinese cooks and the ^Mexican laborers. The

chief was from Tennessee and was considered a fine locating

engineer. He was inclined to be brusqtie and retiring, and his

biting sarcasm made him a person to avoid when he was not

in a good humor. The transitman had gone to Mexico the year

before fresh from the University of Xorth Carolina. In the

year he had been in the tropics he had developed into a transit-

man who not only knew his business but also how to get the max-

imum work out of the ^lexican laborers. The levelman was

still a student and was with the party only for the summer.

The draftsman was a German and full of the sense of his own
importance, lie dressed as if he were on a hunting trip and

wore a big pistol around camj) all the time. An luiglish boy

worked as level-rodman. and like most new arrivals in JVIexico

his Spanish vocabulary was made up principally of words he

should not have known. liesides these, there were two Chinese

cooks and a dozen or so of Mexicans. The head and rear chain-

men were both iMexicans. and the way they did the work was

enough to gi\c an engineer the apo])lexy. Instead of iilumb-bobs,

they used sticks about six feet long which they sometimes acci-

dently held vertical while measuring. Of course the inaccuracy

of this method was recognized, but it was considered all that was

necessary in that rough country.

The cam]) itself was situated on the Meza near a huge clum])
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of live-oaks. There were four big tents besides the kitchen and

dining ily. The chief had a tent to himself, which also served as an

office and drafting room. xA.ll these tents were arranged facing

the kitchen sr> that the cook could keep an eye on them and dis-

courage cows or other undesirable visitors. At a distance from

these was the corral and the saddle tent, for each member of the

party was furnished with a horse and there was a cahallcrango to

feed and saddle up.

Just to see how the work was done, let us follow the party

through a typical day's routine. Each evening a paper location

was made and the following day's work carefully planned. About

five o'clock in the morning a Chinaman went around and ham-

mered on the tent-pole at each tent until somebody growled

bueno to show that he had heard. By the time we have dressed,

a hammering on a frying-pan announces that breakfast is ready.

After disposing of the "ham and" with the usual accessories,

we go to the corral where the horses are saddled and waiting.

A ride of a couple of hours through the snappy morning is

enough to wake the sleepiest person and to bring the party to

the place of beginning of the day's work. Here we find that the

]\Iexicans have beaten us and have brought the instruments and

other equipments. The instruments are set up and the line given

for the axemen, and the work has started. For a while the line

runs along nicely up the side of the Meza and then it looks as if we
had hit a sink hole. As we get near the bottom of the arroyo, some

of the real troubles of clearing a line in the tropics become appar-

ent. The line hits fairly in the middle of a clump of bamboo and

there is nothing for it but to go through. And that is a job

that is wearing on the patience of the engineers and the machetes

of the axemen. For the bamboo is as tough as bone and will

turn the edge of an}- tool besides, the fearful thorns with which

they are equipped make the back-strokes of the branches some-

thing to be avoided. On cutting through the stems of the bam-

boos, they refuse to fall, being so tightly interlaced that they

support one another. So it is necessary to make another cut

up about six feet and remove sections of the stem before a line

can be cleared. By the time that this is done and a point set

beyond the bamboo, a halt is called for lunch beside the creek.

This takes only a short time to finish and in half an hour we

are at it again. The climb up the hill and out of the arroyo is

a short job for the transit party, but the levelman is heard
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growling because the brush is so thick that lie can not sight

across and set a turning point, but has to turn down to the

bottom and then up the other side. And this is no small job,

for on this steep hill there are three or four turning points be-

tween two stations 66 feet apart and this means that the levelman

will have to get a "hump" on if he kee])s up with the transit

party. Ikit in the afternoon the axeman ran into a big ojitc

and when the levelman hears the clear ring of the axe on hard

wood he knows that he will probably catch up before night.

About four o'clock a big cloud is coming up and it is getting

so dark in the woods that it is impossible to set a point accurately.

Evidently we will not miss our regular rain today (for it is the

rainy season), so we drop all the instruments for the men to

carry in and hunt up our horses. By the time we saddle up it

is pouring rain, but we do not care, for that was what we ex-

pected it to do when we left camp.

On arriving in camp we finish up supper in a hurry and then

go over to the chief's tent to find out what all this work is

about. Here is what we find out from the chief :

For a year or so previous to this time two parties have been

in the field, one locating a line from \ eracruz uj) to the Rio de

San Pedro on the border of the state of \ eracruz ; the other party

locating a line out of Tampico headed for the Meza of San

Antepec. At this time the line from \^eracruz had been located

up to the river, while that from Tampico was up to a point about

15 miles away. The object of the party now on the Meza is to

locate a line up the side of the Meza from the Veracruz side and

then to run down and to tie in with the line from Tampico. The

two branches are to unite on the Meza of San Antepec and from

there run to the interior with Mexico City as the final destination.

The point where the camp is located is only a few hundred yards

from this junction and will be the site of the railroad division

yards and shops. The Railroad Company has already secured

the money for building the line and it is expected to push the

construction as fast as possible.

After ])lotting u]) the day's run and laying out the next day's

work we all go over to one of the sleeping tents to talk things over.

Here we learn still more about life in this part of the world.

Here we learn that all the su])])lies are shipped to the camp from

Mexico City l)y \\a\- of Xecaxa. Froni here they are carried
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on pack mules to the camp. A trip is made once a month to

Necaxa for suppHes and takes ahout a week.

The line up the Aleza from the \'eracruz side is a straight two

per cent and climhs a thousand feet in ten miles. This is a

very crooked piece of track and in the ten miles there are four

tunnels. One cut is 140 feet deep and contains some two hun-

dred thousand cubic yards of excavation. It was necessary to

cross section this on a one to one slope in order to secure enough

material for the eighty-foot fills on each side of it. This is one of

the biggest cuts in the Republic and the Chief is very proud of

it. This line up the Meza is in many places a case on maximum
curves and minimum tangents, for the side-hill is so cut up by

cross valleys that to follow a contour would break the back of

a snake.

Life in this part of the country is continual fight against ma-

laria, and insects. At certain times of the year ticks are so

plentiful that a person's clothes will look to be alive after he

has been in the woods only a few hours, and every night it is

necessary to pick them off. Knee boots and tight clothes are

required to keep them out as much as possible. Besides these,

the chiggers. or red-bugs, are so thick that the only thing to

do for them is to smear on some kerosene to kill as many as pos-

sible and even then they are the cause of many a wakeful night.

Any kind of a sore on man or animal is a serious matter and

demands immediate attention. For after it gets a start it is

almost impossible to heal it without getting out of the tropics.

In spite of all this, the life is interesting, and if a person takes

reasonable care of himself there is no reason why he should

not be able to keep well and do the work almost as well as if he

were in a more healthful climate.



THE INTERSTATE COMMERCE COMMISSION
I'. T. i;( )CK, 'i,:;

Ihc >ul)jccl lor (li>ous>i()n in this pajjcr is one of vital interest

to all Americans, and, more especiall}- to engineers in that it deals

with a hody whose every ruling has either a direct bearing or

an indirect reaction upon the railroad development of this coun-

try. In spite of its importance, there are a few i)ersons who
have anything but a hazy and indistinct idea of the Interstate

Commerce Commission and its place in the complex organization

of our national government. This is due in a measure, no doubt

to the L ommission's infancy, but more largely is the direct re-

sult of the confusing alterations of court decisions and amend-

ments I)y Congress. In fact it has taken the first two decades of

the Commission's existence to crytallize, prepare, and shape a

definite governmental policy toward the railroad.

Of fundamental importance in molding the economic and po-

litical conditions, wliich were to make this a government strong-

ly centralized and able to endure, was that clause in our con-

stitution which said, *"The Congress shall have the power to reg-

ulate commerce with foreign nations, and among the several

states, and with Indian tribes." W'e find, thus, in the annals of

the Supreme Court a decision, here and there, based <ni this

clause or one of its components. lUu the decisions were all

lacking in specialization and were, in general very broad.

Toward the end of the nineteenth centurv. Iiowever. the rapid

development of the railroad and the phenomenal growth of our

internal commerce gave birth to an entirely new set of industrial

conditions and. what was almost as important, an entirel\- new

code of business ethics. The comparatively young railroads

under the yoke of a fierce competition, recognizing the future

magnitude of even minor initial advantages, were sometimes led

or sometimes forced into vicious practices. Protected by the

constitution from state interference, railroads were allowed the

widest latitude in rate making. Consequently to attract the bus-

iness of cc^mmunities favorably located the}- distributed entre-

pots, and unfair discrimination of the grossest kind crept in.

T.ate in 1886 the Supreme Court decided, in the case of the

Art. I .Sec. S Clause .^.
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*\\'abash Railroad vs. Illinois, that the state had no right to

prevent discrimination in interstate rates, even in that part of

the rate which was wholly within the confines of the state.

Thus we see a clause in our constitution, the evident purpose of

which was to prevent one state from discrimination against the

citizens of another, successfully invoked by a railroad to prevent

that state from securing im])artial treatment for its own citizens.

At this time the House was considering the Reagan liill which

would have made this discrimination illegal ; and the Senate was

considering a similar bill sponsored by our own Senator Cullom.

A few months after the curious decision mentioned above, the

Interstate Commerce Act emerged.

This act, passed early in 1887, provided for the appointment

of five commissioners at a salary of $7,500 and one secretary at

a salary of $3,500. to form what was to be called the Interstate

Commerce Commission. This commission derived its power from

the act which gave it birth.

Although the fundamental purpose of the act was to prevent

unreasonable and extortionate railroad rates, manv other re-

forms were attempted. The act contained a provision wliicli

made it unlawful for a common carrier "to charge or receive

any greater compensation in the aggregate for the transporta-

tion of passengers or of like kinds of property-, under substan-

tially similar circumstances and conditions, for a shorter than

for a longer distance over the same line, in the same direction,

the shorter being included within the longer distance." This

became known as the long and short haul clause and was aimed

at an especially vicious and barefaced discrimination.

It also required that all companies engaged in interstate com-

merce keep open to j)ublic inspection all rates and tarififs, and

that, furthermore, a copy of these be filed with the Commission;

and that no advance could be made except after ten days notice

had been given to the Commission and no reduction, except after

three days' notice.

The Commission was given power to investigate all business

transactions of common carriers, either at their own initiative or

after a formal complaint had been registered with them. It could

demand the production of any witness or evidence, but such

*i58 U. S. 557-
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evidence could never l)e used iti any su])se(|Ucnt criminal pro-

ceeditii;;' ag'ainst the witnesses.

If, after servin^^ due notice on a i)art\- for violatinj^ the act,

that violator did not heed the warning the Commission had

the power to invoke the aid of the court in ohtaining an injunc-

tion, and furthermore, in event of continued disohedience, pro-

vision was made for a fine not to exceed $500 per day. Certain

flagrant violations were subject to a fine not to exceed $5000 and

rendered the violator liable to imprisonment for a term ncjt to

exceed two years.

Such were the main features of the act which for nearly twenty

years governed the rulings of the Interstate Commerce Commis-

sion. While it was a distinct advance yet it left much to be de-

sired. In the report of the Cullom Bill in 1886 the committee

has said, *"In undertaking the regulation of interstate commerce,

Congress is entering a new and untried field. Its legislation must

be based upon theory instead of experience, and human wisdom

is incapable of accurately forecasting its efifect upon the vast

and varied interests to be aft'ected." Subsequent results of the

Commission do not make it appear at all unfavorable when

view'cd with the comprehension of these words.

The attitude of the judiciary to the new commission was eager-

ly awaited, and, in the first clash, early in 1889, the court decided

that the power to force a witness to testify, unless absolute im-

munity could be guaranteed him, was unconstitutional. In 1893

Congress amended the act and granted this immunity, but the

amendment was not universally recognized until 1896, when a

Supreme Court ruling settled the matter once and for all in favor

of the Commission, thereby materially aiding them in their in-

vestigations.

In 1893 Congress passed another amendment placing the reg-

ulation of all safety appliances, used on interstate lines, under

the jurisdiction of the Commission. This, as the first departure

from a strictly economic recognition of the Commission, is of

especial interest to engineers.

In the first decade of the Commission's existence there were

two other im|)ortant legal precedents established, both of which

were distinctly unfavorable to the Commission. First, in January

1889 it was decided that new evidence could be introduced be-

*Page 214 of Report.
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fore the court, thus allowing alleged violators to reserve their

most favorable evidence until legal trial. Again, the Commission
had always positively claimed the power to set maximum rates,

basing their claim on their own interpretation of the commerce
act, but in 1897 in the case of the Interstate Commerce Commis-
sion vs Cincinnati, New Orleans, and Texas Pacific Railroad, the

Supreme Court decided that the Commission had no rate making
powers.

In 1903 the Elkins Law strengthened the hands of the Com-
mission somewhat by providing a fine of from $1,000 to $20,000

for the violation of the act by a corporation. As most violators

were corporations this was a necessary bit of legislation. The
Elkins Law also repealed the imprisonment clauses of the original

act, but this must have proved unwarranted. At any rate in

1906 the imprisonment clauses were again made efifective by the

important Hepburn Bill.

In 1904 and 1905 the beef trust and insurance scandals made
the public suspicious of corporations while the disclosures re-

garding the Standard Oil Company's discriminations, Santa Fe
rebates, and Pennsylvania Railroad coal operations caused a

general demand for an extension of the Commission's powers.

President Roosevelt, in his 1904 message to Congress, strongly

urged radical reforms, and again in 1905 he expressed similar

desires. In 1906 the House almost unanimouslv passed the

Hepburn Bill, and a few weeks later the bill, after being consider-

ably amended, passed the Senate with only three dissenting votes.

The bill was finally passed by both houses on June 29, 1906. and

became a law some time in August of the same year.

Lender the Hepburn liill the power of the Commission was
vastly enlarged and its efficiency increased more than even its

ardent advocates had dared to hope. The Commission was given

the power to set maximum rates, to go in efifect thirty days after

set and to hold for two years. All common carriers were placed

under its jurisdiction, including all pipe lines (except those for

water and gas), express companies etc. Furthermore the term

"railroad" was specifically defined to include all elevators,

switches, private lines, belt lines, storage facilities, icing plants,

etc. This enabled the Commission to combat a subtle method of

rebating particular]}- (hfiicult to handle. Formerly railroads

could, by varying the charges on these extra items, give a de-
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cided advantage to favored shi])])c'rs, and still Ik win illy within

the letter of the law.

The hill I'urthernK ire authnrized the ( 1 ininiission to c<»ni])el any

railroad to huild, maintain, and ojjcrate at a reasonahle rate, a

switch at any place the ("oniniission desired. It jirovided a fine

t'or an\- conipanx- which issued passes to ])ersons other than em-

ployees and ministers. I'urthermore. carriers were held respon-

sihle for a correct ([notation of rates and tariffs to shippers, and,

in case of loss or damas^e rn route the carrier or carriers re-

sponsihle were liahle to the full amount of damages.

Another important provision of the hill was that ])r()hil)iting

anv carrier from interstate transportation of any commodity in

whose production that carrier had any direct or indirect interest.

This so-called commodities clause, however, excepted lumher and

its products. Another clause of the hill enlarged the Commission

to contain seven memhers. and their salary was increased to

$10,000. This would seem to show that Congress had hecome

thoroughly convinced of the Commission's worth.

In 1907 an eagerl\- awaited Supreme Court decision hxed the

validit\- of the rate making clause. Some months later the same

court in a legal decision gave the im])ression that it would only

deal with the legal aspect of interstate commerce cases, and,

while it would not hold the commission's ruling sacred, still, on

questions of fact it would not he prone to hasty action in over-

ruling decisions of the commission. In 1900 the constitutionality

of the commodities clause was upheld.

In i()io the act again came up before Congress. In this amend-

ment a court of commerce was established consisting of five

judges who were to be appointed 1)\' the chief justice of the

United States or else l)y the entire SuiM-eme Court. Appeals

from this court were to l)e taken only to the Supreme Court.

The act of 1910 ami)lifies the He])l)urn Itill in many (^ther par-

ticulars. It allows the commission to suspend an increase in

rates for ten months, to enable an investigation to be made.

I'urther, a shii)per is given the right to route his shipment, and

the commission is given power to establish new joint routes, fix

a maximum rate for them, and decide on the distribution of the

rate. Other imi)ortant clauses were those which authorize the

commission to investigate the rates of any company at their own

initiative, and ])rovided that all exemptions from the "long and

short haul clause" nnist be ofticially sanctioned by the commission.
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On the whole, the Commission and the commerce court

have not been in entire harmony. In the first year of its ex-

istence the court sustained the commission in only about one

third of the important cases, brought before it. In 191 1 a

powerful legislative attack was made on the court which had

the silent sym])athy of the commission.

After this somewhat lengthy chronological treatment of our

subject it might be worth while to make a rather hasty re-

view from a somewhat difTerent viewpoint. Early in its

course the commission was nuich hampered by the rivalry of the

courts, the limitations of the act, and the fierce resentment

of railroad men to any rate making" supervision. Even at

this time, however, it had a great influence for good in that

it brought to light the accounts, books, rates, and business

transactions of our interstate carriers. Jjy degrees the com-

mission developed. The act of 1893 secured for it jurisdiction

over safety appliances. Later amendments to this act gave it

almost com]:)lete jurisdiction over brakes, signal systems,

train rules, and crew regulation. In 191 1 an order was issued

that all wrecks in which one or more people were killed must

he reported bv telegraph to the commission in order that they

might send a g(i\-ernment investigator at once.

The Commission has also lately acquired the power of in-

spection of all physical structures, and the future i)romises a

very intimate contact between the Commission and the civil

engineer. The act of 1910 gave it the right to make valua-

tions of railroad property in order that it might be able to

fix equitable rates. The Commission is already eagerly await-

ing the power to make an extended complete valuation of the

entire interstate railway lines. The railroad man regards this

with much foreboding, and even the lay observer feels that

this would be the first stc]) taken by an attem])t to nationalize

the railways; although it may be strongly argued that it is

meant to be a step in this direction only in so far as it will afford

a l)asis for a more equitable readjustment of railroad rates.

The personnel of the commission at the ])resent writing

(March 3, 1913) is Chas. A. Prouty. chairman, Judson C.

Clements. Franklin K. Lane, Edgar E. Clark, James S. Har-

lan. Chas. C. McChord, and l>althasar H. Meyer. '1 he Com-

mission directs a large corps of examiners and a number of

special investigators and inspectors. The Commission issues
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three reports annually: ist. Railroad statistics; 2d, Railroad

Rates; 3d, Report of the Rulings of the Interstate Commerce
Commission. Xumerous bulletins are also issued.

A summary of even a cursory ])aper like this shows a steady

g'rowlh in railway regulation. There are few who do not

realize that the Commission is not yet at the apex of its power.

The majority of the thinking' men of the coimtry have faith

in it and the idea that it stands for. Nevertheless the repre-

sentatixe man, the man who controls our national policies, and

the statesman who tries to mold public opinion are intense stu-

dents of economic unrest. Truly, either would recognize an

enonomic disturbance but would he be able to make a correct

diagnosis of it? The interrelation of transportation facilities and

industrial prosperity is evident, but the subtle, far-reaching re-

action of a change in the first on the second is extremely difficult

of correct analysis.

The Commission has admittedly been an enormous factor

for good : but it is probable that men of the strong personality

apt to be on such a board, and having an intimate knowledge

of the vital importance of their decisions to the welfare of

their country, see as the only solution of our grave trans-

portation problems, an extension of their own power. The

welfare of a railway line is so dependent upon the prosperity

of the country it traverses that the road which tries to wax
fat bv preving on its patrons wovdd ultimately have poor

pickings. Perhaps, then, the unbiased students of economics

who insist that railways rate regulation is not unfair, but in-

efificient are traveling on solid ground, and the future may
vindicate them. With the civil engineer, however, it behooves

him to cultivate the acquaintanceship of the Commission.



SHOULD A THESIS CONSTITUTE A RIGID REQUIRE-
MENT FOR GRADUATION IN THE COLLEGE

OF ENGINEERING?

A committee of tlie faciilt\' of the College of Engineering',

working under the chairmanship of Professor Goodenough.
after giving more than a year to a study of problems affecting

the courses of study of the College, presented a series of rec-

ommendations to the college facidt}'. among which was the

following

:

"A thesis as a rigid re(|uirement is to be discontinued. A
regular student of high standing may, however, with the ap-

proval of the head of the department have an option between

a thesis and some specified engineering subject."

This recommendation with others was transmitted to the

University Council on April 30, 1912, and subsequently was

approved Idv the Council. It was later approved by the Uni-

versity Senate. It will become effective with the beginning

of the next academic year, September, 1913.

In the discussion which preceded the action cpioted above,

the problem was presented from many different points of view. It

seemed to be the opinion of the faculty that a thesis jjossessed

high educational value for some students, while its \'alue to

others was altogether problematical. To whatever extent the

thesis encourages originality and independence in work, its

value was conceded, but the opinion of individuals differed

as to the extent to which these advantages were secured.

W. F. M. Goss.

Alarch 8. 1913.

Professor Baker seems to think that the preparation of a

thesis affords training for a student that he can not get else-

where in the curriculum. The following is an extract from a

printed circular concerning the selection of the subject for, and

preparation of a thesis, which he hands to each student early in

his senior year. "The thesis dift'ers from other subjects in the

course in that the latter the student is expected simply to follow

the directions of the instructor—to study specified lessons and

recite thereon, to solve the problems assigned, to read the articles

recommended ;—while the preparation of the thesis is intended

to develop the student's ability to do independent work. There

is comparatively little in the ordinary college work to stimulate
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the student's power of initiative, but in liis thesis work he is

required to take the lead in devising ways and means. The ]K)wer

of self-(Hrcction. the al)ilit\- t«> iinc-iit nietliods of attack, the

capacity to foresee the probable results of experiments, and the

abilitv to interj^ret correctly the results of ex])eriments is of vital

importance in tlic future of any en<,Mnecrin<,'- student. W'itliiii

certain limits the thesis is a test of the present attainments of

the student and also a pro]ihecy of his future success. The

interest of the L'niversity in thesis work is shown l)y the fact that

the student receives individual attention and practically has the

resources of the institution placed at his command."
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EDITORIAL

SENIOR
THESIS

The question of senior thesis is being discussed again, pro and

con in the various laboratories and drafting rooms and The
Technograph has asked several faculty men
to give their opinions on it. The editorial staff

believes that the courses are so arranged that

only a limited amount of time can be given to thesis work, so

limited that ordinarily no important researches can be made.

Necessarily the thesis becomes a copy of facts alread\- discovered.

Occasionally a student may have had the opportunity to do some

im])ortant work. In that case he should be permitted to work

it \\\) into a thesis.
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With this issue the i)resent board of The Technograph lays

down the reins of pubhcation. It is with regret for the year's

work has been one of interest and ach'ancement.

T.^ » T^T^ The aim of the board has been to matce it moreBOARD
of a student publication—one that will appeal

to its sponsors—the engineering societies. It wishes to express

to the societies and to various individuals who have contributed

to its support its hearty appreciation of their efforts.

The new board consisting of >\Ir. A. Elmendorf. '14, Editor-in-

Chief ; Mr. E. C. Prouty, '14, business Manager; Mr. W. Leriche,

'14, President and the junior and sophomore representatives will

continue the publication with an issue. May 15. That issue will

complete volume XX\'II and will go to all present subscribers.

With a management that will continue over the summer vaca-

tion it is hoped to attain greater efficiency.

The new board has the earnest support and the best wishes of

the retirins^ manasrement.

Editor The Technograph

Dear Sir: Please accept m)- thanks for the two copies of \"olume

XXVII of The Teciixograph. I have been very much inter-

ested in looking over this volume,
A COMMUNICATION

^^^^^ j congratulate you upon its good

appearance. I appreciate the fact that it consists chiefly of

contributions by students and I think that this indicates real

progress in the development of the Technograph idea.

1 Relieve me.

\'ery truly yours,

W. F. M. Goss.



COLLEGE NOTES
Dean W. l*'. M. Goss gave an address entitled "Recent I'rof^-

ress in Engineering," before the members of Sigma Xi of the

l^iiversity of Chicago Thursday evening, March 6.

Professor II. I'. Moore and Mr. ( i. K. lloomsHder of the T.

and A. M. de])artment, have recently started tests upon the new

steel armory trusses. A test of this kind will be watched with

interest, and will give students who are interested in engineering

a chance to see actual tests made upon a building under con-

strtiction.

M. A. Slater of the T. and A. M. experiment station, has been

retained l)y the city of Chicago as a testing expert on a large

reinforced concrete warehouse.

"The Prevention of Industrial Accidents" was discussed March

7, by L. D. Breed-Love at the meeting of the A. S. M. E. Mr.

Breed-Love pointed out that in 1896, twenty-one out of one hun-

dred workmen received injuries. Now the annual percentage has

been reduced—the injuries n.ow being one man out of two thous-

and, lie also descril)ed the various safeguards now in use to

prevent accidents.

Mr. A. B. Domonoske has recently joined the staff of the me-

chanical engineering department, taking the place vacated by Mr.

lUiyers. Mr. Domonoske, who comes from the University of

California, will liave charge of work in machine design.

Cm1i>ik'1 K. D. Afeier of New York City, was the guest of Dean

W . I'. M. (loss Wednesday and Thursday, March 5 and ().

Colonel Meier is a past ]n-esident of the American Society of

Mechanical Engineers. Dean (ioss gave a dinner in ]ii> honor

at the University Club the evening of February 7.

Professor V. O. Du Four recently attended a meeting of the

iron and steel committee of the .American Railway Association at

Buffalo, New York.



DEPARTMENT NOTES
ELECTRICAL ENGLXEERIXG SOCIETY

Prof. A. M. Buck, of the Railway department, addressed the

Electrical Engineering Society. February 28, 1913, on "The His-

tory of Electric Traction". He gave a very interesting account

of the early attempts to utilize electricity for the propulsion of

cars, before the days of the dynamo, and of the primitive types

of reciprocating motors employed, supplied with current from
large primary batteries. After the advent of the dynamo, many
attempts were made to build electric railways, but the first really

successful road, from a commercial point of view, was that

built and operated at Richmond, A"a., by Frank J. Sprague, in

1888. The speaker gave an interesting account of the troubles

experienced in the first few years of commercial operation and

some of the remedies applied, such as smoothing down a rough

commutator by holding a brick against it. The address was
greatly enjoyed by all present.

After the address, P.usiness Manager Horrell gave a report of

the Electrical Show, showing a probable profit of about $200.

The program committee was appointed, consisting of the fol-

lowing men

:

H. S. Badger, '13. Chairman.

H. E. Thompson, '14.

R, L. Hermann, '15.

C. Wooley, '16.

E. A. James was elected as junior member of the Tech no-

graph board.

At a meeting of the E. E. Society February 14, the following

officers were elected

:

President—E. S. Lee, '13.

Vice-president—D. J. Smith, '14.

Secretary—H. R. Tear, '14.

Treasurer—J. G. Penn. '13.

C. R. Horrell, '13, was elected to represent the E. E. Society

in the Engineering Dance committee.

That the Electrical Show was a success is shown by the fact

that 3,500 people saw the various exhibits and passed judgment

upon them. The receii)ts were ai)proximatcly 900 dollars and
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the expenditures about 700. The statistical data proved to be

very interestint,^.

Mrs. II. W . I'nderliill won the prize f<»r the lowest b(^dy re-

>istance at 1200 olims. Tlie a\erage resi>tance was about 1200

dhnis while the maximum was f)OO.ooo. Mr. Rov Sievers of

White Heath liad the hi<i^hest l)ody volta<jc witli .003225 volts.

The average voltage was .001850. Air. \.. 1). Clendenen won
the flat iron by guessing the nearest to the correct number of

dots in the sign. The correct numl)er was 5879 while his guess

was 5877. The lowest guess was i()5 wliile the highest was

105.980.665.

AMERICAN SOCIETY OF AIECHAXICAL ENGINEERS
THE SMOKER

E. M. McCor))iick, '14

While Illinois was trimming Chicago at Track to the tune of

57-29, and the Ben Greet Players were pleasing their audience

with their rendition of "The Comedy of Errors'", at the Audi-

t(M-ium. and "Freckles'" charmed the theater-goers at the Illinois,

200 Mechanical Engineers showed their loyalty to the Profes-

sion 1)\- attending the Annual M. E. Smoker at Hessel Hall. The

committee, composed of A. L. Myers. Chairman, Elmer McLor-

mick, and E. F. Gehrig, made good their assertion that this

smoker would be the best ever held b\' the society. Immediately

on entering the Hall, the strains of excjuisite music, rendered

])} an orchestra composed of Mechanical Engineers, fell ujxin

the ears of those assembling. Cigars, cigarettes. P. A., and

|Mpes were supplied in abundance. Soon after, "eats", consisting

of ginger-bread and apples, were brought forth, with plenty of

good cider to relieve the "thirst".

When the orchestra had hnished its ])rogram, chairs were

brought around the rostrum by those present and the ])rogram

began in earnest. "Illinois Eoyalty" and "Oske-wow-wow" were

sung witli a \hu. Tlie lirst si:)eaker to address the meeting was

"llaldy" Simpson. \'ice-])resi(lent oi tlie A. S. M. K. He wel-

comed those present in a manner, such as only "r>ald\" can do.

He was met with a round of applause as he (|uitted the platform.

Mosher of The luigineering Ex])eriment Station followed. He
raised tlie spirits of the assemblage to a much higher level by

tellinir a few stories and jokes, sucli as onl\- Mosher can tell.
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Mr. Scroggin of the machine shop was called upon to tell a

story, which he had promised to tell at the next smoker. His

memory failed him hadly at this juncture and he was com-

pelled to tell others to make up for it. Chestnut was called u])on

to add to the program. He responded to the occasion hy a vocal

solo. His rendition was so good that he had to respond with an

encore, so great was the applause. Prof. Richards closed the

talk-fest by a rather "somber" talk as he called it. He took upon

himself the task of defining "What Mechanical Engineering really

is." According to the definitions of his authorities. Mechanical

Engineering, could well be called an art, trade, or profession.

However he went on to show that the term, profession, really

applied to Engineering, more than did art or trade. He spoke

at some length of the possibilities of Mechanical Engineering and

congratulated those present on their wise choice of a future oc-

cupation. Not forgetting the University, he outlined the plans

of the Department for the future ; and urged each one present

to bring back with him next year a student in Mechanical En-

gineering.

Simpson and Shapland were given an opportunity to show

their powers in the ring. Each one was confident of himself.

It looked as if the fight would be a draw ; but Simpson put

Shapland to the mat so hard in the third round, that the referee

had counted him out before he could arise. Simpson was de-

clared victor amid the hurrahs of his cohorts.

The meeting broke up soon after, each one declaring that the

committee had "outdid itself" in offering so excellent a smoker.

CIVIL ENGINEERING CLUB
In January lo. Professor I. O. P>aker gave an illustrated lecture

in the Keokuk power development. The most important points

on the dam project were clearly shown to the club members.

Professor A. B. McDaniel talked on the "Romance of tunnel-

ing" the following week. The Pennsylvania Railroad tunnels at

New York City were illustrated in detail.

At a meeting of the C. E. Club January 21, the following offi-

cers were elected for the second semester.

President—R. A. Bennett, '13.

Vice-president—R. E. Truley, '13.

Secretary—P. T. Bock, '13.

Treasurer—L. X. Loeffler, '13.
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T\. A. r>ennitt talked on his experiences on the ^^a(hera-Manlore

railway construction in lirazil. South America.

G. II. .Stou<,di, '13, and R. .\. Hennitt. '13, are the cluh repre-

sentatives on the Engineerin^i^ Dance Committee.

Mr. T. E. Conzelman, Chief [engineer of the Unit Construction

Compan\ lectured .March 7th on ""Reinforced Concrete Construc-

tion."

AllXI.XC SOCIK'IA'

A lecttn-e on coal-forming plants given by Professor Jefifrey

on h^bruary 20, proved highly interesting to the men registered

in the mining course. Xew theories regarding the formation of

coal were substantiated by lantern slides which clearly illustrated

the structure of the coal.

Arrangements are under way for two trips of inspection to

points of mining interest near Danville which are to be made by

the Mining Society in the near future.

At the regular business meeting of the society held on February

27, it was decided to give a smoker as an inducement to increase

the attendance at the meetings, and especially at the journal

meetings.

R. Y. \\'illiams. Mining Engineer for the Bureau of Mines

who has recently returned from Alaska has consented to lecture

to the student body at some later date.

C. C. Kramer was elected to the Techxograph staiT as junior

representative of the Society.

The officers of the society for this semester are as follows

:

AI. L. Xebel, president.

D. S. Crow, vice-president.

E. W. Swett. treasurer.

Willis Ecriche. secretarv.

CHEMESTRV CEE'B

Chemists on Annual Inspection Trip

On March 20. the junior and senior chemists antl chemical

engineers in charge of Dr. D. F. McFarland of the department

of industrial chemistry left for Chicago on their annual inspection

trip. The trip lasted until the 22d and those who desired left the

partv at that time; the others continued the inspection of plants
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on the 24th. On the 25th the party went to Milwaukee to attend

the annual meeting of the American Chemical Society.

The plants inspected in Chicago and vicinity were

:

The Corn Products Refining Co., at Argo, Illinois, about

fifteen miles from Chicago. Here was studied the manufacture
of glucose, starch, corn oil, oil cake, dextrin, a substitute for rub-

ber, and other products, all from corn.

The American Linseed Oil Company in Chicago, where linseed

oil and oil cake, a valuable cattle food, are manufactured.

The Carter White Lead Company, in Chicago, where white

lead is made by the quick process. Also the grinding and mixing
of paints was studied here.

The Cemet-Solvoy Coke Compan}-, in Chicago, where coke is

manufactured, and the gases given ofl:' during the process arc

worked for coal tar and ammonium salts.

The Illinois Steel Company, at South Chicago. Here the

manufacture of iron and steel from the raw ore was observed

following it through the blast furnaces, the l>essemer converter,

or the open-hearth furnace, the soaking pits and finally through the

rolling mills, into rails or boiler plate. A 25-ton electric furnace,

for the manufacture of special steels was in operation.

The (jrasselli Chemical Company, at Grasselli. Illinois where

chemically pure acids and heavy chemicals are manufactured.

The American Aletals Refining Company, at East Chicago,

where lead bullion is refined electrolytically by the Betts process.

The Linde Air Products Company, at East Chicago, where

liquid air and compressed oxygen is put up in cylinders for the

market.

The Armour fertilizer works at the Union Stock Yards. Here
was seen the manufacture of one of the most important by-pro-

ducts of the packing industry.

The Barrett Manufacturing Company, in Chicago. Here coal

tar is distilled, and road paving or binding materials and roofing

paper are manufactured.

On Saturday, February 22, Dr. D. F. IMcFarland took a party

of junior and senior chemists and chemical engineers to Danville,

to inspect the Haegler Bros.' Zinc works and sulphuric acid plant.

One of the owners conducted the party through the wcirks.

The party also visited the Headley Glass Works, where bottles

for all purposes are manufactured.
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THE NEW LOCOMOTIVE LABORATORY OF THE
DEPARTMENT OF RAILWAY ENGINEERING*

EDWARD C. SCHMIDT.

The new locomotive testing plant of the department of railway

engineering is the fourth of its kind now in existence in this

country. There are two other similar laboratories abroad, one

in Russia, the other in England. The first locomotive testing

plant was built twenty-one years ago at Purdue University. It

was designed by Dr. W. F. M. Goss, who was at that time in

charge of the schools of engineering at that institution. The

work of this laboratory during its tw-enty years of operation has

given us much original and timely information concerning loco-

motive performance, which has had a significant influence on

locomotive design both here and abroad.

The justification for the existence of locomotive testing plants

lies in the fact that in them only can the locomotive be run under

conditions which may be rigidly controlled and varied at will. It

is also true that in the test plant the difficulty and expense of mak-

ing tests are both greatly reduced ; but this in itself is less im-

portant than the control of the operating conditions which test

plant service puts in the hand of the experimenter. In the labora-

tory, the load and speed may be held uniform throughout any

period of time or they may be made to vary according to any pre-

determined program. \'ariations of wind velocity and air temper-

ature are eliminated. All the advantages which laboratory tests

have over road tests lie in this power to control conditions. As a

consequence of this control practically all questions relating to

boiler performance can be better and more easily settled in the

*An abstract of a paper presented to the Western Railway Club in

March 1913.
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The New Locomotive Laboratory III

testing plant than on the road and the same remark is equally

true of questions touching engine performance. There are but few

problems relating to fuels which cannot be more easily attacked

and more conclusively settled in the testing plant than on the road
;

and certain problems—like the determination of engine friction

—

which lie beyond the reach of the experimenter who must rely

on road tests, can be successfully attacked in the locomotive

laboratory.

Any locomotive laboratory consists essentially of, first, a means

for so supporting the locomotive that its wheels may be rotated

and that the power developed may be aljsorbed and either dissi-

pated or transferred ; second, a means for anchoring the locomo-

tive when so mounted and for measuring the tractive effort devel-

oped ; third, means for supplying and measuring coal and water

;

and finally, means for disposing of the gases and steam from the

front end. The supporting mechanism consists in this plant, as

in all others, of wheels whose position may be varied to conform

to the spacing ofy locomotive's driving wheels. In this case the

supporting wheels are 52" in diameter, provided with plain tires

and mounted on Ji}i inch axles. The axles and tires are of the

highest grade of heat-treated carbon steel and were furnished by

the Midvale Steel Company. The use of 52" supporting wheels

involves rotating speeds as high as 500 revolutions per minute in

testing high speed locomotives. Such speeds may give rise to diffi-

culty in the operation of the bearings although they have been

designed with regard thereto. In anticipation of such difficulty

however, provision has been made (in the design of the bearing

pedestal) for using /2'' diameter supporting wheels, if it later

proves desirable to do so. The axles are supported at each end

just beyond the wheels, in bearings 9^x20" which are provided

on the under side of the journal only. These bearings are carried

in self aligning shells which are supported in pedestals of exceed-

ingly heavy construction. ( )i] is provided at two points in the

bearing cap, where it is supplied under head from an elevated sup-

ply tank. The bearing pedestals rest on massive cast iron bed

plates which run the entire length of the testing pit, and are se-

cured thereto by l)olts whose heads are held in slots running the

length of the bed. The ]:»edestals may therefore be shifted to any

desired position on the bed. The general design of the axle,

wheels, bearings and bed plate is well represented in figure i.



I-"ig. 2—One of the Brakes. Mounted on the ends of the supporting axles

these brakes absorb the power developed by the locomotive.
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Each of these units, consisting of an axle, two wheels, and two

bearings constitutes the supporting element for one pair of loco-

motive drivers. So supported, the driving wheels may turn; and

there remains to be provided a means for absorbing the power

developed at the driving wheel rims.

The brakes shown in figure 2 furnish this means. They are

of the type used in all other American testing plans, and were

designed and furnished by Professor G. L Alden of Worcester,

Mass., under general specifications prepared by the designer of the

plant. One of these brakes is mounted on each end of each sup-

porting axle. Each brake consists essentially of three cast iron

discs (C) which are keyed to the supporting axle, and which ro-

tate between water cooled copper diaphragms (Dj carried in sta-

tionary casing (Hj. The cast hub F and the three discs form an

integral rotating element which is keyed to the axle and turns with

it. The casing and its diaphragms are prevented from rotating by

means of links attached to the bed plates. The diaphragms pro-

vide within the casing three compartments within which the cast

iron discs rotate. The surfaces of the discs and of the diaphragms

are lubricated by oil fed in at the periphery of the discs and taken

ofif at the hub. The diaphragms from also within the casing four

water compartments which have no communication whatever with

the compartments within which the discs rotate. Water is fed

into these water comi)artments at B and is taken ofif at A. The

pressure existing in these water spaces may be varied at will by

means of suitable valves in the brake piping. The operation of

the brakes is as follows: Power received from the driving

wheels of the locomotive is transmitted through the supporting

wheels and axle to the cast iron brake discs; these in turn transmit

it by friction to the surfaces of the copper diaphragms against

which they rub. By varying the water pressure, the friction

between the discs and the diaphragms may be varied in accordance

with the amount of power to be absorbed. The entire power of

the locomotive is thus dissipated at the surface of the diaphragms

and carried away as heat in the water which circulates through

the brakes. Each brake is designed to develop a resisting torque

of 18,000 pounds-feet which is more than is likely to be trans-

mitted to it by the most heavily loaded locomotive driver.

The machinery thus far described, which serves only to sup-

port the locomotive and to absorb its power, is all carried on a
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foundation located at tlie basement level of the buildin<(. 'i'his

foundation is a slal) of reinforced concrete 93 ft. long and 12 ft.

wide, \arying in thickness from 31-2 ft. at the front to 5 feet at

llie rear, it is surmounted at the rear end l)y a pyramidal base

wbich serves as the anchorage for the dynamometer. The mount-

ing machinery thus far described is shown in ligure 3 arranged

for the reception of a consolidation locomotive. The highest point

of the supporting heels is at the le\el of the main Hoor of the

])uilding, which is the same as tlie rail le\'el of the exterior track.

The loc()moti\e to be tested is backed into the laboratory over

the track shown in positit)n in this view, the tender having been

I'ig. 3—The Rear End of tlie Testing Pit. Showing the removable track,

tlie supporting wheels, the iiearings and the brakes in position

for testing a consolidation locomotive.

reiuoved. Over the last section of track the drivers run on their

flanges leaving the treads free to engage the supporting wheels.

When the drivers are properly jilacerl and the locomotive securely

anchored this track section is removed. Thus moimted, the loco-

motive is anchored, by means of a massive draw-bar, to the dyn-

amometer which appears in the n.iiddle blackground of figure 3. It

is thereby ])revented from moving either forward or backward

t I'om its pro])er position (Hi tlic sui)])orting wheels.
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This dynamometer, whose chief function is to permit the tract-

ive effort of the locomotive to be measured, is shown in figure

4. It is of the well known Emery type designed and built by the

William Sellers Company of Philadelphia. While its principles

of operation are simple its design is complicated, and a detailed

description lies beyond the scope of this paper. It will suffice to

say that it consists essentially of the "weighing head" shown at the

left in figure 4, carried on the housing there shown, and of a

weighing scale not included in the picture. Within this weighing

head is an enclosed oil chamljer with a flexible wall, which receives

and balances any force transmitted from the locomotive. The

pressure of the oil in this chamber varies with the load and is

transmitted through a copper tube of small bore to a similar small-

er oil chamber, the pressure within which moves the beam of a

substantial but very sensitive scale. The force transmitted to the

dynamometer is thus weighed. In design this instrument is

similar to that of the original dynamometer furnished for the

Purdue University Plant by the same builders. Its capacity how-

ever is about four times as great, namely 125,000 lbs.* Up to this

limit it will measure with great accuracy any force transmitted to

it from the locomotive. The capacity of this instrument is about

15,000 lbs. in excess of the greatest tractive effort which could

be imposed upon it by even the most powerful Mallet locomotive

now in existence. In this connection it may be remarked that the

plant has been designed throughout so that it can receive for test

the largest existing locomotives even of the Mallet type; and at

the same time all the equipment and the building itself have, in

size and capacity, sufficient margin to allow for a very considerable

increase in the size, and weight, and power of locomotives before

a point is reached when new designs will exceed the capacity of

the plant.

It would unduly lengthen this description to describe in detail

such minor features of the plant as the means of weighing and

supplying the water to the boiler and brakes, and for storing and

weighing the coal. These and all other details of the plant have

received the most careful consideration in order to insure their

accuracy, convenience, and durability. They include the weighing

tanks, hydraulic elevator, scales, coal room, and firing platform

*The maximum capacity of the dynamometer used in the Pennsylvania

Railroad Company's plant at Altoona is 80,000 lbs.
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whose general design and arrangement are shown in figures 6, 7

and 8. The water supply i)erhaps w arrants further mention. The

general water sup])ly of the L'niversity is from tlriven wells, the

demand upon which approaciies at times their full cai)acit\-. Xo

other source of cooling water for the hrakes is availahle. Water

from the hrakes could not therefore he wasted, and i)rovision has

heen made for cooling and recirculating it. For this purpose there

will he built in the round outside the building a reinforced con-

crete reservoir of 100,000 gallons capacity. A supply pump for

the hrakes draws water from this reservoir, pumps it through

control valves to the brakes, whence it tiows through another set

of control valves to a pump located in the basement of the labor-

atorw Anotlier pump returns it from here to the reservoir. The

feed water is drawn from this reservoir by a separate pump,

passed to the weighing tanks and feed tank and thence to the

injectors. This feed water, of course, is wasted and must be

restored to the reservoir between tests, by drawing on the general

university supply.

Those elements of the equipment which have been thus far des-

cribed are similar to the corresponding elements in other locomo-

tive laboratories although they differ from them in the details of

their design and exceed them in size and capacity. In the design

of the means for disposing of the exhaust gases, however, new

problems were presented and new solutions have been reached.

In view of the importance of determining accurately the total fuel

lost in the exhaust gases, it was early decided to try to incorporate

in the design of this plant some means for entrapping all of the

solid matter contained in the gases passing the locomotive front

end. This purpose has previously been served by collecting in a

sampling tube the solid matter which passes a small section of the

exhaust gas stream, and pro-rating the loss of solid fuel thus de-

termined over the entire stream section. This method is not al-

ways convenient, and under certain conditions its results have

been questioned. The ])reliminary design of a spark trap or cin-

der collector which would pass the total volume of gas and ex-

haust steam from the largest modern locomotive when working at

high power, made it clear that such a collector would be too large

to be located conveniently within the ])uilding. A second funda-

mental consideration in designing the exhaust system was the

necessity of providing a stack of sufficient height to insure that the
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exhaust gases would be discharged high enough above ground

to prove inoffensive to occupants of neighboring residences and

university buildings. It was decided that this would require a

stack about eight feet in diameter and at least eighty feet high.

Further study made it apparent that these two decisions could be

embodied in one structure combining the cinder separator and the

stack. This has been accomplished in the construction represented

in cross section in figure 5, which is located outside of and at the

rear of the laboratory. The system will be most easily understood

in following (by reference to figure 7) the course of the exhaust

gases as they emerge from the locomotive stack. They are dis-

charged thence into a steel exhaust elbow which carries the gases

up and over to the center of the building, where they are received

in a horizontal duct running through the center of the roof trusses.

The gases are drawn through this elbow and duct by an exhaust

fan, located near the roof at the rear end of the building. Prob-

ably the heaviest cinders will be dropped in this duct, but the

velocity within it is such that all but the heaviest particles of solid

matter will be carried on through the fan. Whatever does accum-

ulate here may be removed through traps provided in the bottom

of the duct, and weighed. From the fan, the gases and the re-

maining solid matter are passed through a breeching or flue to the

separator above referred to, the action within which may be best

explained by recurring to figure 5. The cinder laden gases enter

this separator at B and in order to leave they must pass down-
ward and around the sleeve A. In so doing they are given a

whirling motion which causes the cinders to move toward the wall

along which they drop to the hopper below, while the gases pass

downward and out to the stack through the mouth of the sleeve.

The cinders collecting at the bottom of the hopper are drawn oft"

and weighed. This separator is surmounted by a 45 foot radial

brick stack from which the gases are finally discharged 81 feet

from the ground.

The corrosive nature of the mixture of exhaust gas and steam

has made it necessary to avoid the use of metal throughout this

exhaust system. The exhaust elbow within the building neces-

sarily has been made of steel, and will need occasionally to be re-

newed. The duct, however, is of asbestos board ("Transite")

which will resist corrosion. It is 7 feet in diameter, and made
up of separate sections so that its length may be varied. The fan

has a runner 6 ft. in diameter, and will pass, at maximum speed,



i'ig. 5—A Cross Section Through the Cinder Collector and the Stack
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140,000 cubic feet of gas per minute. The breeching between

fan and separator is built of transite, and has a minimum cross

sectional area of about 24 square feet. The outer shell of the

separator is built of reinforced concrete. To correct the shell

from corrosion, it is lined throughout with a hard burnt red brick.

Between this lining and the shell is a 2." air space to act as an

insulator to protect the shell from undue heating. Any leakage

of gas through the lining into this space is vented to the outside

air through openings which are provided in the shell, and which

Fig. 6—A Cross Section through the Middle of the Laboratory.

serve also to circulate cool air through the air space. The inside

sleeve and hopper are both built of reinforced concrete. The

stack itself is unlined, but is laid up in acid proof cement. It is

expected that this whole system will not only permit the collection

of all solid matter and thus enable front end losses to be deter-

mined in a manner beyond criticism ; but that it will also dispose
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of the smoke so that it will he unohjectionable and at the same

time act as a muffler and eliminate objectionahle noise from the

locomotive stack discharge.

The main features of the building which fouses this equipment

are shown in figures 6, 7 and 8. It is 40 ft. wide and 115 ft. long,

with a height under the roof trusses of 22 ft. A basement with a

6 ft. 9 in. clear depth extends throughout all but 22 ft. of its

entire length. The construction is fireproof throughout. The

Fig. 8—An Interior View of the Partially Completed Laboratory, Looking

Towards the Rear.

walls are laid up both inside and out with red faced brick, the

roof is of reinforced concrete covered with slate, and all floors,

are of reinforced concrete also. The building is unusually well

lighted by windows in the side walls which extend nearly the full

height of these walls and occupy almost two-thirds of the wall

area. All portions of the huilding. except the space t)ccui)ied by

the coal room in the west end, are served by a lO-ton traveling

crane.

In the design of this plant the University has profited by the

generous advice and assistance of those in charge of the labora-

tories at Lafayette and Altoona. Drawings and records of experi-
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ence and of initial (lilVu-ultic^ have been courteously placed at our

disposal; and if in some details we shall have avoided similar dif-

ficulties, it will he laryel}- due to this assistance which it is a

])leasure thus to acknowledge. It is a ])leasure also to acknowdedge

the part taken in perfecting the details of the design, by Air. F.

W. ]\Iarquis, Mr. H. II. Dunn, and Air. II. B. Ketzle, members of

our own railway department stalT.

It. is no part of our plan to own a locomotive for service in this

laboratory. The whole plant has been designed with the intention

of making it suitable to test new designs as they appear, in the

confidence that the railroads and builders would be willing to

keep upon the plant locomotives of recent design, concerning

wdiose performance all railroad officials desire information ; and

we have proceeded in this plan with very generous assurance from

those interested that we should not be disappointed in this ex-

pectation. The first locomotive to be tested is one of the consolid-

ation type owned by the Illinois Central Railroad.



THE USE OF CONCRETE IN CITY PAVEMENTS AND
COUNTRY HIGHWAY CONSTRUCTION

H. K. Talbot

The requirements for a good country road and city pavement

are identical, viz., a construction which will stand up under the

traffic which comes upon it. and a low ultimate cost. Concrete

fulfill these requirements, and there remains only to point out

the manner in which cement, sand, and stone or gravel may be

mixed and placed to obtain satisfactory results.

The history of concrete roads began in 1893-94 when the

City Engineer of Ilellefontaine, Ohio, after having put down
wide concrete gutters \\hich served as pavement near the curb,

was sufficiently impressed by the adaptability of concrete for

road purposes to specify its use as a pavement for the four

streets surrounding the Court House Square. After the sub-

grade was prepared and drainage provided, a 4-inch base mixed

in the proportion of i part Portland cement, 2 parts sand, and

4 parts of gravel was placed and struck olT to grade. Immedi-

ately following this a 2-inch top mixed i part cement to i part of

screened bank sand was placed and finished to a smooth true sur-

face. Beginning at the curb, the pavement was laid in 5 foot strips

m;d after being completed was cut into blocks 5 feet square. The

engin^rbelieved that l)y so doing it would be possible to remove

the blocks in case repairs were necessary to sewer or water pipes,

and after making the repairs to refill trenches and relay the blocks.

/Although no expansion joints were used, the joints between the

\blocks gave a sufficient chance for contraction so that no crack-

ing has resulted. To afford foothold for horses the surface was

scored with \'-shaped grooves lA inch deep and about Vi inch

wide at the top. A few of the longitudinal joints have rutted

and have been repaired by placing concrete in them. Xo serious

holes have ai)peared in the top of this pavement at any time, and

a considerable portion of the surface still shows the markings

that were made at the time the pavement was laid. It is evident

that if the longitudinal joints had been omitted, and that if the

transverse joints had been placed further apart and protected,

the pavement would be in almost perfect condition at present.

The cost of this pavement to the city, constructed as it was by

contract, was $2.25 per s(|uare yard, including grading, cm'b and
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drainaj^U'. Ihc tutal cost nf repair (lurinL,^ i(j()H-oi;-io was $63.03.

The i)a\cnK'nt is at jjrcseiU H) years old and is in condition to

withstand many more years of constant wear.

h'rom this small l)e,<jinnin,e[. the use of concrete paxement has

(^rown to such a maj,niitude that concrete today is one of the

foremost ])aving materials, not only from point of adaptability,

but from the amount laid each year.

Durinj.,'' the time which has elapsed since iH<;4, a lartje varia-

tion has appeared in mixtures and methods used in constructing

the i)avemcnt. Often the engineer or contractor has bent his

efforts on building a road which would at least appear satisfac-

tory in the beginning for as little money as possible, instead of

trying to construct the best possible pavement with the materials

available. The result of this carelessness has been that some of

the concrete pa\ements have not proved satisfactory in the ])ast,

nor will concrete pavements l)e universally successful until the

engineer and contractor realize that good pavements mean more

than good cement ; that they mean good workmanshi]x good ag-

gregate and proper proportioning.

Concrete pavements as at present laid, may be divided into four

general classes; ist.—The Hassam compressed concrete pave-

ment ; 2(1, Two-course jjavement
;
3d, One course pavement ; and

4th. l>ituminous covered pavement. These classes will be tak-sn

up in the t)rder named.

The Hassam compressed concrete pavement, which has been

patented and is at present laid either by or under the general su-

jx^rvision of the Hassam Paving Company, has been used exten-

sively in the eastern portion of the country and especially in the

vicinity of Xew "N^ork.

Due to the fact that this is a patented pavement and the work-

placed in the future will probably be handled under the super-

vision of the ])atentee, this type will not enter into the discussion

of the relati\e merits of obtaining the best possible concrete road

for the monc\' a\ailable.

The earlier concrete pavements were constructed of two dis-

tinct courses of different thickness and mixture. Two theories

may be considered rcsponsil)le for this design, first, the necessity

of obtaining a uniform surface to resist the wear, and second,

fear that stones allowed near the surface would ravel under

traffic. In order to obtain the smooth and uniform surface

cheai^ly and easil}-. it was consitlered ad^•antageous to use a mix-
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ture of cement and sand, as the larger stones made finishing more
difficult. The most objectionable feature of this construction has

been that a hole, when once started, rapidly increases to large

dimensions as there is no aggregate in the top of sufficient size

to resist the traffic. The belief that ravelling would result if

the larger stones were near the surface was undoubtedly the result

of experience with lean concrete mixtures. However, it has

been demonstrated by the construction of satisfactory one course

pavements that if the mortar is sufficiently rich and the stones

well bedded, no trouble will be experienced from this source.

The specifications accepted by the National Association of

Cement Users in 1912, require that a two course pavement be

constructed as follows : The base, which in no case shall be less

than 5 inches thick, is mixed in the proportion of i part cement,

2^ parts sand, and 5 parts gravel or crushed stone. Immediately

after the base is placed and before it has shown any signs of

hardening, a top of i^A to 2 inches mixed in the proportion of

I part cement and two parts of aggregate for a wearing course,

is deposited and finished with a wood float. The aggregate for

the wearing course is defined as consisting of screened gravel or

stone screenings from granite or other close grained durable

rock, sufficiently hard to scratch glass, free from loam or other

deleterious matter, mixed in the proportion of 3 parts passing a

lA inch screen and retained on a 34 inch, and 2 parts passing

a yi inch screen and retained on a screen having 50 meshes per

linear inch. It will be noticed that a top course so mixed will

have both a strong mortar and sufficient large particles to provide

against danger from holes appearing in the svu'face under traffic.

The satisfaction resulting from a two course pavement will de-

pend upon the quality of sand and aggregate used, the care with

which the wearing course is placed on the base, and the manner of

finishing the street. The objections to it are the danger of loose

top and the extra expense entailed both in placing and mixing the

concrete as the base must be brought to grade before the top is

placed and as the mortar must be handled over the base to the

finishers.

Although the two course pavement has been the more ])(>i)ular

in the past, this year has seen a larger yardage of the one course

type laid. In this construction, the same mixture and aggregate

are used throughout the whole thickness of the concrete. Suffi-

cient mortar for finishing the surface is flushed to the toj) by
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tamping. This will re<|uire the concrete to be mixed wetter than

would be the case with the two course construction. The de-

cision as to which of these types is best adapted to the road in

question will depend upon the materials available and the rela-

tive cost. I'\)r instance, if a concrete road were to ])e constructed

in the \icinity where the cost of good gravel, sand and stone is

high, but where soft sand, gravel and stone were available for

ct)nstruction purposes, it might prove economical to ship in suffi-

cient of the first class materials to place a two inch top on the five

inch base built of the local materials. The writer does not wish

to leave the impression that poor material should ever be allowed

in a concrete road, yet a gravel may make good concrete and

still have a few mud balls in it which would make it unfit for

use in the top. There will be required for lOO square feet of a

7 inch two course pavement consisting of a 5 inch base mixed

with I part cement. 2^/2 parts sand and 5 parts stone, and a 2

inch top mixed in the proportion of i part cement to 2 parts

screened gravel, 3.91 barrels of cement. 1.31 cubic yards sand and

1.42 cubic yards of stone. As against this there will be required

for a single course pavement of the same thickness mixed in

proportion of i part cement. lYi parts sand and 3 parts gravel.

4.13 barrels cement, .92 cubic yards sand, and 1.85 cubic yards

of stone or gravel. It is evident that the latter mixture gives a

road which is much stronger and in which there is no danger of

separation at the weak plane between the top and the base. The

saving in the cost of mixing and placing will more than compen-

sate for the difference of .22 barrels of cement per 100 square

feet, as the amount of aggregate is substantially the same for

both constructions.

The fourth type of road, which consists of a concrete base

with a thin covering of bitumen and sand, is having great

popularity at present both for country road construction and for

city streets. This construction was developed by ^Ir. E. W.
Groves, City Engineer, of Ann Arlior. Michigan, who in 1907

and 1908 put a thin film of bituminous material over some worn

out pavements. After two years wear the appearance was so

excellent that he tried this covering on a new concrete base. On

top of the concrete about 3^ gallon of tar per square yard was

applied, and after being swept over the surface with a street

sweeper, sand was sprinkled over the whole and traffic turned

on to the pavement.
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This type of road has had a great following among engineers,

especially in the last two years. New York has let contracts for

some 280 miles of this work, and Ohio will complete over 50

miles this year. In considering this type of pavement, it will be

necessary to determine whether 12 or 14 cents per square yard

can be better expended for bituminous protection or for better

concrete, more careful preparation of the sub-grade, better work-

manship and more expert supervision. Regardless of the material

used in this top, it will be necessary to have a good concrete base.

The same care must be taken in the selection of the aggregate as

though no covering were to be used, for unless a maintenance

system is maintained, it is impossible to expect this top to last

longer than two years under average traffic, and if this is the case,

the concrete must be of such a character that it will withstand the

traffic until such time as the top can be renewed.

After deciding upon the type of concrete pavement, the field

work of construction commences. The work may be done either

by contract or under the direct supervision of the engineer in

charge. In case a contractor is put upon the job he may do the

work on a commission or for a contract bid. The character and

experience of the contractor will determine which method will

be the most advantageous.

Drainage is the first point to be considered in the laying out

of the road construction. In a flat country, such as the prairies

of Illinois, it will often be necessary in certain parts of the road

to make artificial drainage. This may be accomplished by varying

the depth of the side ditches or by placing tile. In all cases the

elevation of high water for any considerable length of time should

be at least a foot below the top of the sub-grade of the road in

order that there will be no danger of sufficient water getting

under the concrete to aft'ect the foundation.

If the concrete is to be laid upon an old earth road which has

been well graded by the maintenance force of the township or

county, only sufficient grading will be necessary to bring the road

to grade. It is not essential to make the road grade absolutely

uniform from end to end as this often entails extra expense

which might better be utilized in making either a better road

or else in constructing more road.

The sub-grade should be thoroughly compacted with a roller

weighing approximately 10 or 12 tons, the soft places excavated

and refilled with some material which will give satisfactory re-
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suits. Fills over i)/> feet high should l)e ])laoe(l in layers not to

exceed i foot in thickness and thoroufjhly coni])acted so that no

\\avinj,'' ai)]»cars l)cf(>re the roller. .Sufficient culverts and ])i])es

under the road to take care of the lateral drainage are necessary.

In case of a steep grade, it may be found advisable to run

concrete headers from the road into the embankment to ])revent

the washing of the grade. After the sub-grade has been pre-

pared it is of the utmost importance that it l)e kejit hard until

the concrete is in place. Teams hauling material must be kept

oti" of the finished sub-grade and it will be found advantageous

when possible to have the materials dumped outside of the lines

of the forms. Soft spots and irregularities will l)e ])revented by

rolling the grade within 24 hours of the time of placing the con-

crete. Wheelbarrows or men must not cut up the sub-grade as

the work progresses.

The proportion of cement, sand and gravel or stone used will

depend on the type of construction and the material available.

With good sand and uniform hard gravel or stone, a one-course

pavement mixed in the proportion of I part cement, 1^2 parts

sand and 3 parts stone, will prove the most satisfactory. If. when

the construction is started it is found that this proportion does

not give sufficient mortar to make satisfactory finishing possible,

the proportion may be changed to a i : i:)4 • 3 or even a i : 2 : 3.

N^o bank run gravel must be used without being screened

over J4 in^^li screen and remixed in the above proportions. Re-

])orts from the road work carried on in the East show that the

unsatisfactory bank run gravel which varies from 30% through

a %. inch screen to 60 '/r is responsible, to a large degree, for

the unsatisfactory condition of some of the pavements. Too
much care cannot be taken in keeping a check on the gravel and

sand.

On the prepared sub-grade suitable forms must be placed and

firmly held, both to line and to grade. The forms which are now
being used on the U. S. Experimental Rc^ad near Washington,

D. C, are very good. They consist of a 3 inch by 6 inch dressed

plank with a J^ inch rabbet on the back. The ends are grooved

vertically with ^ inch by I'j grooves. As the forms are set, a

small wedge is driven into these grooves, thereby holding the

forms solid. P.races may be tacked to the l)ack of the forms,

doing away with considerable toe-nailing, and with the trouble

so often met of the braces hindering the use of the template.
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Before placing the concrete, the sub-grade should be moistened.

This is necessary to avoid danger of drawing water from the con-

crete. The wetting ought not to be sufficient to make the sub-

grade soft or muddy. All concrete should be mixed in a batch

mixer. It is important to obtain uniform mixing throughout

the mass and with the continuous mixer the only way of knowing
the amount of cement going into the work is to count the sacks

and to measure the work placed during the day. This is un-

satisfactory as the concrete is not of sufficiently uniform section

to make such calculations accurate. There are on the market a

large number of batch mixers specially designed for road work.

These may be divided into three general classes, the first having

a bucket which runs out on a boom and drops the concrete on

the road ; the second a swinging chute down which the concrete

slides, and the third a revolving cylinder which serves both as

a mixer and a chute. Each of these types has its advantages

and perhaps its drawbacks. Care must be taken with any of

them that the large stones do not separate from the remainder

of the mass.

In depositing the concrete it is necessary to make sure that

there is no separation of the particles and that the concrete is

thoroughly mixed before being finally placed in the pavement.

To the finishers and the men following the mixer must be left

most of the responsibility for the ultimate satisfaction of the

road. They must see that the large stones are raked to the

bottom and the road given uniform surface.

After the concrete has been placed there are two general

methods of striking oiT the surface. The first is to give a sawing

motion and the second a tamping motion to the template which

is cut to the crown of the road. The character of the aggregate

used will, in a large degree, determine the method employed.

The concrete may be finished either with a large float the width

of the street and eight inches wide, which is handled from each

end with a tamping motion, or else with a wooden float by men
from a bridge. The second method is preferable as the finisher

working over the concrete will see the small undulations and spots

demanding attention and it is his duty to see that they are satis-

factorily filled. Workmen must not go on to the concrete after

it has been struck ofif, as it is impossible to fill even a small hole

with material that will give the same appearance and wearing
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qualities to the finished road as would have been the case if

no hole had been made.

During the summer months and during the time where there

is danger from frost, it is advisable to protect the concrete

against the elements. The morning following the day in which

it is ])laced. it should be covered with about i^ inches of earth

which is kei:)t moist for a period of several days. Traffic should

not be allowed on the concrete for at least a week after the sur-

face is completed.

The life of a concrete road will depend as much u])on the con-

struction of the shoulders as upon any other one element with

the exception of the construction of the concrete itself. These

shoulders should be filled out for at least three or four feet on each

side of the concrete and should be given a fall of four to six

inches in this distance. Care must be taken to obtain good ma-

terials for the shoulders, as a poor, soft gravel or shale will

soon wash away and water will get into the sub-grade, thereby

undermining the road. If good gravel is available, it will make

a satisfactory shoulder, but where gravel is expensive a good

clay and loam, well rolled in place, will prove satisfactory.

The question of expansion of joints is one which has provoked

much discussion among road engineers and contractors. It is

a known fact that temperature changes result in expansion and

contraction of concrete, but it is the opinion of men who made

a study of this type of construction that it is unnecessary, and

probably inadvisable, to use a wide expansion joint. Mr. Logan

Waller Page. Director. Office of Public Roads, Department of

Agriculture, is at present laying 4.000 feet of concrete pavement,

20 feet wide without joints. He expects to get considerable con-

traction and expansion and to get transverse cracks through the

pavement. However, he does not believe that these cracks will

be sufficiently objectionable to make the extra cost of putting

in joints and protecting them, necessary. In the State of Xew
York where the roads are all to be covered with bitumen, both

methods of construction are being tried. It is the opinion ex-

pressed by a number of engineers that it is an unnecessary ex-

pense to ])lace expansion joints on roads which are to be pro-

tected by bituminous covering.

The experience in Wayne County, Michigan, shows that the

joints if un]>rotected have a tendency to break and chip, but

where protected with a steel i)rotection plate the life of the road
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is lengthened indefinitely. This plate is about 3 inches wide by

5<4 inch thick and is cut to the section of the road. Fins are

punched out of the center of the plate and bent back to give it

a good hold on the concrete. Three thicknesses of tar paper

are used between the plates. The cost of these plates is in the

neighborhood of 14 cents per linear foot of expansion joints,

or five cents per square yard of pavement.

Experience shows that the contraction due to temperature

changes must be localized by placing transverse joints across

the street about 25 feet apart and that these joints should be

protected. The extra cost is little compared with the added life

of the pavement.

The average price for concrete pavement either with or without

a bituminous wearing surface will range from $1.00 to $1.50 per

square yard exclusive of grading and curb, depending upon the

price of materials and distance of haul. It is evident from

the experience with concrete both in country roads and city

streets that it fulfills the requirement of a low cost permanent

pavement.



"SOCIALIZING" THE ENGINEER
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It is l)eO(iiniii^" the fashion to "sociaHze" cverythiiii^. We hear

of sociahzin^- iiKhistry. reht^ion. the ])uhHc school, the niechcal

profession, the lawyers. We are ur^ed to socialize the land, to

socialize the tmearned increment. Political and economic reform-

ers tell us if we would think in "social terms" all would g'o well.

What do these phrases mean ? Divested of what Professor Bliss

Perry recently called "departmental jars^on," they mean simply

this : the humanizing;' of institutions, the utilizin_2;- of the com-

munity's natural and human resources for community welfare

instead of private gain, the redemption of every institution, enter-

prise, profession, from aloofness or isolation. In plain English,

I mean by socializing the engineering profession to make its chief

conscious business the enabling of more people to live better.

The editor of The Technograph tried a while ago to con-

vmce me that the great end of engineering was to permit more

people to live. But I cannot subscribe to any such theosophical

idea. Few of us know or care whether more people ought to be

born into this world or not. lUit most of us ordinary, unmystical,

tax-paying citizens and lovers of fellow men know that )norc of

our people oitglit to lire better. We know that some ten millions

of oiu" fellow Americans are in poverty. We know that we spend

over a hundred millions annually in public charity, to say nothing

of perhaps an equal sum flowing through private channels, and of

losses through preventable accident and sickness running into the

billions. The problem of the engineer is to conserve and improve

what human beings and natural resources we already have.

Xow, engineering means far more than carrying a transit or

designing a steam shovel, constructing a new type of reinforced

concrete roof or discovering a new explosive. Morison tells us

that nearly ninety years ago Tredgold defined civil engineering

as the art of directing the great sources of power in nature for

the use and convenience of man. ^lorison himself insists that

the business of the civil engineer is "to design the tools by which

the sources of power in nature are directed for the use of man."

But what uses, and for what man ? Precisely because men

had overlooked these pertinent questions John Stuart ]\lill ut-

tered his famous doleful comment on the failure of machinery

:

''Hitherto it is (luestionalile if all the mechanical inventions have
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made lighter the day's toil of any human being. Thev have en-

abled a greater population to live the same life of drudgery and

imprisonment, and an increased number of manufacturers and

others to make fortunes. . . . But they have not yet begun to

effect those great changes in human destiny which it is in their

nature and in their futurity to accomplish." And after sixty

years the cry is repeated by an English economist, who proclaimed

recently: "A'ain have been the strivings of the most gifted of

men. The machines they have constructed have but created a

new race of machine-slaves, and made it possible for an increas-

ing proportion of civilized men to live by useless work, while lib-

erating entirely from work, useful or useless, a limited leisure

class which alone enjoys the fruits of the earth as multiplied and

harvested by machinery. . . . ]\Iust it be said of civilized man
that he can analyze the light of Sirius but cannot shelter all his

children ?—that he can achieve scientific miracles but is baffled

by the commonplace?"

We are assured that not only is machinery not necessarily

progressive, but that it may actually condemn to utter ruin and

degradation thousands of families. Only dulness of general per-

ception and capitalistic inertia or conservatism hold back the de-

velopment of labor-saving devices which might turn our whole

industrial system topsy-turvy. A professor of physics announced

recently that physics and chemistry might soor.i be expected to

produce nitrogen compounds that would put agriculture out of

business and consign us all to cities. Engineering may have

similar resources up its sleeve.

Only the social spirit and intelligence warmed with humanity

can determine whether a given invention or art of saving shall

result in bane or blessing. We withhold matches and scissors

from babes. Perhaps a social view of his profession may prompt

the engineer to refuse to launch on its career a new machine

which, however curious and interesting in itself, might curse

rather than bless his fellows. The Connecticut Yank e with his

wooden nutmeg machine was a clever engineer, perhaps, but a

poor sort of citizen. Machine making for machinery's sake is

just as foolish and unproductive as the silly cry of art for art's

sake. All the arts and all the sciences are human instruments for

human purposes, and are to be judged solely by the sum of posi-

tive good they produce in terms of human welfare.
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The same principle applies e(|ually to systems of "scientific

manag^ement"—to "efificiency enp^ineering^." The efficiency ex-

pert who fails to take account of all the factors concerned in his

scheme—laborers, manajrers, capitalists—may construct a very

]")retty but also very inhuman, very dangerous, and in the long

run very uneconomical machine. It may be efficient to scrap old

machinery or work it at higher tension ; but to scrap workers at

forty is suicidal. Indeed, we cannot scrap men. If we strain

and disable them they remain a body of death chained to us. Let

the engineer follow the advice of the new Secretary of Commerce,

Mr. Redfield. himself a successful manufacturer: "\\'e must be

intolerant of inefficient labor by teaching it and by paying it

sufficient to stimulate it into efficiency; but this must not be done

as a driver would drive slaves, but as a leader would lead men."

This will mean reducing the discrepancy between the values

created bv lal)t)r and the expenditures for care and conservation

of the "human machine." It was estimated recently from fed-

eral census figures that the average wealth created by each wage-

earner in the United States (exclusive of the material he uses,

supervision of his work, and his own wages) is $630 annually.

In return for this, society doles out an average of 8.1 cents per

year on each factory wage-earner for prevention of accidents,

sanitation, preventing illegal employment of children, providing

for out-of-works, studying occupational diseases, etc. These are

social problems primarily for the engineer.

Suppose, further, we ask why the steel workers, who under

Mr. Taylor's scientific management are now able to handle 48

tons of pig iron per day instead of 12 tons under the old system,

should receive an increase of onlv 65 per cent in wages for an

increase of 300 per cent in productive efficiency? Does 65 per

cent represent the real increment of labor efficiency after making

all reasonable deductions for additions to plant, tolls to manage-

ment experts, etc.? I shall anticipate any objection by saying

that the answer to such questions must come from the engineer

rather than from the economist, the accountant or the social

reformer.

Perhaps the modern city is the greatest engineering problem

of today and tomorrow. It is the most dramatic episode in the

social and industrial life of the last hundred and fifty years. But

too fre(|uently it is a combination of bad engineering and no engi-
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neering at all. Whatever of pride and satisfaction we derive

from the better types of modern cities is due largely to the engi-

neer who plied his profession with vision and socialized imagina-

tion. It is true, and becoming truer, that in urban communities

the duties of government have far more to do with good engi-

neering than with good law. In the city's campaign for health

we begin to look to the engineer rather than to the doctor. For

it is his wonderful opportunity to decide whether we shall 'have

a city—a mere throwing together of hovels and factories—or a

City Healthful, a City Sane, a City Beautiful. Streets, parks,

playgrounds, sewers, garbage plants, docks, subways, lighting and

heating systems, and a myriad of other public and private enter-

prises rest on his shoulders. If he accepts in the right spirit this

responsibility of creation he can banish the Cave forever from

our midst, and, I suspect, will by the same strokes raise us from

the status of Cave Dwellers to that of citizens of a real City.

Such demands as these cannot be met by engineering conceived

merely as a trade. They are problems worthv only of a high,

dignified and learned profession. What, by the way, distinguishes

such a liberal profession from a trade or craft? Aristotle de-

clared that that was the most illiberal occupation "in which there

is the least need of excellence." A trade is based on rules and is

followed for a livelihood. A profession is based on principles, a

deeper knowledge of contributory sciences, and a code of conduct

for its members. Such a code aims at professional spirit, mutual

co-operation and welfare of clients. In two words, one lives by

a trade and for a profession.

No lawyer, doctor or minister can hope in the near future to

stand for anything in his profession unless he is trained liberally

in fields outside his special line of work. Engineering must fol-

low suit and include in its program a thorough grasp of economic

and sociological principles. If not a full course in the social sci-

ences, let the engineer have at least enough to realize his own
deficiencies and to incline him not to obstruct the vision and work

of legitimate social reform.

The engineer must of course specialize in engineering. That

goes without saying. Ikit he must learn to think liberally outside

his specialty. Bernard Shaw declares, "No man can be a pure

specialist without being in the strict sense an idiot." Engineer-

iisg students feel this danger of the "specialist's cramp." One of
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them said to me a while ago, "The longer I work in my snbject

the less educated I feel." The reason was that he had lost the

social hearings of his subject. Probably he was defining it in

terms of mathematics instead of men. Someone characterized

tlie late (leorge Meredith as not a great writer, but a great man
who wrote books. Why should we not adapt th? remark and

apply it to the engineer?

The ])rofessional spirit in engineering demands, I said, a code

of ethics : it demands in addition such a conception of life values

as will lead members of the profession naturally to devote them-

selves to the best interests of the community. In other words,

they must add enthusiasm and love to knowledge. "Learning is

a treasure and a trade can never be lost," said the Roman self-

made millionaire, Trimalchio. But not so with a profession. It

is a creation of the spirit and with the loss of its spirit degrades

into vulgar craftsmanship.

"Knowledge is power? Above
All else, knowledge is love."

A senior engineer a year ago as he came out of his last class

exclaimed, "Now I am educated ! Now for the money !" What
proof did he ofifer that he is educated? x\n ideal of money suc-

cess? Well, with professional men as with nations nothing fails

like success—money success. Trimalchio dictated his epitaph

thus : "C. Pompeius Trimalchio ]\Iaecenatianus was pious, stout

and trusty, he rose from nothing, left HS 30.000.000 and never

heard a philosopher." But his success brought him only an un-

enviable role as the vulgar boaster in a biting satire.

No profession can go on the principle of af^rcs Jioiis Ic dcluiic

and survive. Still less can the engineer chase money and main-

tain professional standards. We shall not reckon what he is

v.orth by his mere financial reckoning in Dun or Bradstreet. Be-

sides, as Professor Peabody urges, the new test of the rich man

is not What is he worth, but How much is he really worth? Is

he worth having? Is he worth what he costs?

Engineers like other men must "compete for business." Yet

if they are to remain members of a noble profession they must

carry their struggle for existence up to that level where it be-

comes competition between the i^ood and the best service to fel-

low men. Aristides said over two thousand years ago, "It is for
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us to struggle both now and ever, which of us shall perform the

greatest services to our country."

It should be superfluous to add that the good engineer must

be honest, not merely honest in paying taxes and gas bills, but

honest in his plans and contracts. The profession that engages

in the manufacture of power or the exploitation of its natural

sources can neither subscribe to nor hide behind questionable

practices, however much current trade customs may condone or

wink at them. The engineer must not sanction shoddy materials,

dangerous construction, questionable or unwholesome processes.

It may be true that the average workman "is so used to working

upon rubbish that he fails to perceive the irony of it"' : but the

engineer cannot so fail if he is to rise above the status of mere
artisan.

The report of the Colorado Bureau of Labor Statistics for

1909-10 baldly accuses the Colorado Fuel and Iron Company of

seeking to nullify and violate laws calculated to protect the inter-

est of the miner and of using its powerful interest to defeat the

enactment of any law having for its purpose the safeguarding of

the lives and health of its employes. Here again the problem is

not of politics but of engineering. For if mining engineers reso-

lutely refused to sanction rotten or insufficient timbering, imper-

fect ventilating arrangements, etc.. there would be no need of

appeals to "decent politics,"' legislative enquiries, "muck-raking."

or damage suits.

Sanitation is another problem for the mining engineer, and he

must instruct his unwise employers. The president of a great

steel and iron corporation of Alabama protested wddly against

the report on Birmingham conditions published in "The Survey"

a year ago. "\\'hy," he demanded, "who is there in his right

senses will deny that hogs are the natural and logical scavengers

of a mining camp? Sanitary conditions in a mining camp?
Pooh ! I'd rather have twelve hogs than fifty men cleaning up

my camps!" But a scornful Pooh! insures neither health nor

decency, and cannot relieve the engineer from enforcing the de-

mands of his own professional conscience.

The point is this: are engineers to lead or be led by corrupt

Big Business? The more they gain and the more they hold the

professional spirit the more they will lead Big Business, the less

thev will connive at it^ chicanerv.
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In September. 1911, a break in the dam of the lUiyless Pulp

antl Paper Company wiped ont the town of Austin, Pennsylvania.

Local sycophants attempted to \\hiic\\a>h the whole affair by

pointing- out the moral virtues of the Bayless brothers and their

wives. Put the "Engineering News" refused to be bluffed by

such pious frauds and issued the following vigorous protest: "It

is our duty to say that the occurrence is without excuse ; and that

if the dam had been built with proper precautions and proper

regard for safety the failure w^oidd never have occurred. ... It

was bad to build the dam on such a foundation, with no greater

precautions to prevent water getting under it ; but it was ten times

worse to use the structure in its weakened and perilous condition

after the j^artial failure of 1910."

This editorial sounded the note of Safety First which is now
echoed on every side. But to make it more than a mere motto

means work, professional -c^'ork. Last year a notable railway en-

gineer lecturing to a class of students is reported to have told

them that their first duty would be to earn dividends for their

directors ; their second to provide a comfortable service ; their

third to develop a safe service. An astounding exhibition of

Cave-Dweller morality and business ! Fortunately railroad fash-

ions are changing. The Big Four now has a Safety Department

;

and other roads are preaching and beginning to live the same

gospel. The engineer can preach here better than the moralist.

And he should not wait for governmental compulsion, but should

lead the way. by virtue of his profession.

The engineer can exemplify the principle of service instead of

exploitation not only in his professional life, but also, so to speak,

in his amateur life. How shall he use his margins of time? There

are many things he can do. He can co-operate with the various

agencies for social welfare—charities, preventive medicine, recre-

ation. He can serve as an expert adviser, as a beautifier. "It is

my pleasure," said a German architect with a wave of the hand

towards the municipal dwellings he had created.

But can these things be done? Is it not pure sentimentality to

talk of service instead of exploitation? Is it not against human

nature? No. They can be diuie. It is not against human nature.

Certain native impulses onl\- need strengthening and training.

Read the testimonials of college-trained engineers in an article

on "Industrial Service Movement of the "S'. M. C. A." in the April
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19 issue of the Siinry. Listen to this : "My class of Italians

is the finest bunch of men I've ever come into contact with

—

bright, keen, appreciative to an embarrassing extent. Thev have

done me more good than I can ever do them." Or this : "Before

I undertook any of this work, my one ideal in life was to make
all the money I could, regardless of anyone under me. Since I

gave some of my time to volunteer service my ideals have all

changed. Xow^ I don't care where I go or what my salary, so

long as it is some place where I can help my fellow men." Read
these and be a pessimist on human nature, if you can.

It is the University's business to see that means for inculcating

this spirit of service are developed. That is what the whole mod-
ern demand for "social education" means. Senator La Follette

looks back with real hero-worship to the college professor who
taught him to make a return of service to the State for the supe-

rior education it had given him. This should be the burden of

every instructor's message. This is the real meaning of Illinois

Loyalty.



THE NEW COURSE IN ENGINEERING
Hy G. A. GOODEXOUGH

In March, 1911, the faculty of the Collei^e of Engineering

authorized the ap])ointnient of a committee to consider and report

upon a revision of the several courses of study ofi^'ered hy the Col-

lege of Engineering. The following extracts from the letter of

instruction to the committee indicate in some degree the character

of the work undertaken :

1. "The committee is expected to make a general study along

broadlv scientific lines of the several courses now offered by the

College of Engineering."

2. "As a j)reliminarv to the selection of specific subjects, the

four years' work of each course is to be represented graphically

to show the time given to each of the several general lines, some-

what as follows:

(a) Language and General Cultural Subjects.

(b) Mathematics, including all Technical subjects strongly

mathematical in character.

(c) General and Technical Laboratory. To include all sub-

jects that do not involve extensive preparation in class.

(d) General. To include technical courses largely informa-

tional in character.

3. "The plottings of all courses excepting that of Architecture

should be similar, possibly identical."

4. "The present strength of the courses in fundamentals

should be undiminished. To provide for the range in applied

and descriptive work which is now allowed, and perhaps for a

greater range, clectives should be intrt)duced."

5. "In the assignment of subjects, the continuity of effort

along given lines should be observed."

The committee started its work with an investigation of the

present courses of the Engineering College and similar courses in

a nund^er of the leading technical schools. The various subjects

were assigned as carefully as possible to appropriate groups ; thus,

grou]) A including language and general cultural subjects; group

B, mathematical sulijects, etc.; and the results were plotted. It

was expected that some general law would be disclosed, that all

courses in this college and similar courses in other institutions

would show somewhat similar characteristics. On the contrary.
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the greatest diversity was found and the plotted courses showed

the most erratic behavior.

The statistical method bringing no effective result, the com-

mittee proceeded to formulate a set of general principles that

might serve as a guide in laying out the courses. Briefly stated,

the principles proposed to the faculty and approved were the fol-

lowing :

1. The imdergraduate courses should be educational in a broad

sense rather than specialized along narrow lines. Hence the

course should in each of the eight semesters include general cul-

tural subjects.

2. The "B" subjects (i. e., the pure and applied mathematics)

form a distinguishing feature of the course in Engineering. A
liberal and approximately constant amount of time should be

given to this group.

3. The subjects in the "C" group (laboratory, shop, drawing,

etc.) tend to develop dexterity in manipulation rather than ability

to think, though there is a wide difference between different sub-

jects in this respect. The amount of work in this group may well

be practically constant throughout the four years ; but there

should be a gradual transition from the mere manipulation in

G. E. D. 1 in the freshman year to the kind of laboratory course

in the senior year that is distinctly valuable in reinforcing the

accompanying theoretical course.

According to these principles the ideal engineering course

should show a curve for "A" subjects nearly horizontal, a "B"

curve nearly horizontal, if anything rising as the course pro-

gresses, and a "C" curve also nearly horizontal.

Proceeding along the lines indicated, the committee has worked

out the new courses, as they now appear. Arrangements are be-

ing made for putting the covirses into effect as soon as possible.

In all courses (except in Architecture) the freshman year is

the same. It is as follows

:

First Semester Second Semester

Mathematics 5 hrs. Mathematics 5 hrs.

G. E. D. 1 4 hrs. G. E. D. 2 4 hrs.

Rhet. 1 3 hrs. Rhet. 1 3 hrs.

Chemistry 4 hrs. Chemistry 4 hrs.

Mil. & P. T 2 hrs. Mil. & P. T 3 hrs.

18 19
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The work in the sophomore year includes the following sub-

jects, common to all courses:

iMPSt Semester Second Semester

Math. 7 5 hrs. Math. 9 3 hrs.

I'hys. 1 3 hrs. Phys. 1 2 hrs.

Phys. 3 2 hrs. Phys. 3 2 hrs.

Language 4 lirs. Language 4 hrs.

Mil 1 hr. T. & A. ^L 7 3 hrs.

3 hrs. ^L1 1 hr.

— 3 hrs.

18 —
18

The spaces left blank are tilled by Surveying in the C. E., Ry.

C. E., and M. & S. E. courses; by M. E. 41 (shop) in the E. E.,

Ry. E. E.. M. E. and Ry. M. E. courses; by Geology and an ele-

mentary course in mining in the course in mining engineering.

Thus, with the exception of one course, the freshman and sopho-

more years are identical for all courses.

The courses in third and fourth years naturally diverge con-

siderably, but they have two features in common: I. The pres-

ent strength of the work in T. & A. M. is maintained. 2. In each

course provision is made for at least nine hours of non-technical

electives. As space does not permit the details of all courses, the

third and fourth years of the course in mechanical engineering

are presented

:

Junior Year.

First Semester Second Semester

T. & A. M. 8 2^ M. E. 7 5

T. & A. M. 9 i'A M. E. 8 5

M. E. 16 4 M. E. 3 •. 3

M. E. 42 3 M. E. 42 2

Math. 9a 2 Non-Tech. Elective 3

Non-Tech. Elective 3 —
— 18

18

Senior Year.

First Semester Second Semester

M. E. 9 4 Power Transmission 3

M. E. 12 3 E. E. 6 and 29 4

E. E. 16 4 M. E. 9 (4) or M. K. 14 (3)

M. E. 6 or Shop Manage- 4 or 3

ment 3 *E 1 e c t i v e s. Technical and

Non-Tech. Elective 3 Non-Technical

17 17

*Hleet 4 nv ." lioiirs from fullowinj; Ust:
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Arch. 13 (3) C. E. 10 (2)

M. E. 27 (2) Ry. E. 11 (2)

Thesis (3) Steam Turbines (2)

The present courses, M. E. 5 (Kinematics) and T. & A. M. 11

(Kinematics of Machinery), are merged into a single 5-hour

course, M. E. 8. Steam engineering (M. E. 16) is moved to first

semester and given 4 hours. Thermodynamics (M. E. 7 ) is in-

creased from 3 to 5 hours and will include the first semester's

work in M. E. 6.

In the senior year it is assumed that the students will choose

between two well-defined lines of work: (1) machine design, (2)

power engineering. Those in the first group will take 8 hours

of design (M. E. 9) and shop management; those in the second

group will take gas engineering (M. E. 6) in first semester, M. E.

14, M. E. 27 , and steam turbines in second semester.

In all courses a thesis is no longer a requirement, but may be

elected by students of ability with the approval of the head of the

department.

A comparison of the old and new M. E. courses shows that, not-

withstanding the nine hours given to non-technical electives, the

strength of the course in purely technical lines has not been im-

paired. On the contrary, by the merging of one and two-hour

courses into strong and efifective four and five-hour courses, the

strength of the technical instruction has been increased. The

same statement may be made of the other departments in the Col-

lege of Engineering.

The most important changes involved by the new courses may

be summarized as follows

:

1. The shifting of chemistry from the junior to the freshman

year.

2. The interchange of language and rhetoric. In the new

courses rhetoric will be a subject in the freshman year.

3. The shifting of the shop work from freshman and sopho-

more vears to sophomore and junior years. In view of the

altered character of shop instruction, this change should be spe-

cially efifective.

4. The abolition of thesis as a requirement for graduation.

5. The requirement of at least nine hours of non-technical

electives in the junior and senior years.



THE APPRENTICESHIP SYSTEM FOR TECHNICAL
GRADUATES

IN MECHANICAL ENGINEERING

Gi-:oRGi': mkyI':r, jr.. 'u

Witliin the past few years many of the lar^a' manufacturing con-

cerns have adopted the pohcy of training and e(hicating young

men in the art of manufacturing their products, through the

method of a Special Apprenticeship Department. The prime mo-

tive which has prompted these concerns to organize such depart-

ments is the desire to meet the constant demand for experienced

men possessing a thorough knowledge of their products and the

various processes of manufacture.

In organizations such as the American Steel Foundries Com-

panv, the AlHs-Chahners Company, the Fairbanks-Morse Com-

pany, and many others, operating widely distributed plants and

einploying at times thousands of men who are engaged in pro-

duction which involves the exercise of good judgment and initia-

tive, there are frequent changes in the personnel of the staff.

These changes often result in creating new positions which are

filled by men taken from the ranks of the apprentices.

The course of instruction given by the American Steel Foun-

dries Company of Pennsylvania is outlined in the following

synopsis. The apprentice on entering the service of the company

is given a general talk by the manager of apprentices pertaining

to the work in which he is to engage. In addition to this he re-

cieves a letter of instructions for his guidance which contains

suggestions as to the difficulties he will encounter, mistakes that

should be avoided, and some of the details he should study. This

gives him some definite ideas of what he is to do and what is ex-

pected of him.

A course of instruction along this line is of undoubted value

to a college man. not only to teach him the details of the business

but to ac(|uaint him with actual working men and conditions. A
special apprentice having a technical training, later supplemented

by practical shop experience, possesses a distinct advantage over

those not so well equipped. Whatever prejudice of shop men
there may be against the college graduate is soon overcome if he

does not shirk his work and attends to his own duties.
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The course offered by the above mentioned company may be

briefly outhned as follows

:

Inspection—Three to four months.

Product designings—Two months.

Pattern shop—Two months.

Molding and core-making—Eight months.

Laboratory—Eight months.

Open hearth—Six to seven months.

Gas producer—One month.

Plant engineering—Five months.

Cost department—Three to four months.

Order department—Two months.

This makes a total of three years. The time spent in the

various departments varies slightly, depending upon the adapta-

bility of the apprentice and also upon the plant at which he is

located.

In all of this work the apprentice is required to study each de-

partment with regard to its relation to the others. He is re-

quired to take notes while employed in each department, so that

he will be able to write an outline of the information he has

acquired. He is under the general supervision of the works

manager and under the special supervision of the foreman in

whose department he is engaged, who sees that he (the appren-

tice) is fully instructed in the work of that department. The

apprentice must hand in his report to the foreman in charge, who
in turn reports to the works manager concerning the work of the

former. In addition to the above report the apprentice is also

required to submit at stated periods a written outline on outside

reading, the subjects to be read being of such nature as will aid

him in his daily shop work. For this purpose the company main-

tains a reference library at each plant, supplied with literature of

technical nature, together with current magazines.

From time to time the apprentice is rated or graded, in order

that his relative efficiency may be determined. The following is

the schedule adopted by the American Steel Foundries Company:

Item Points

1. Punctuality 10

2. Personality 10

3. Executive Ability 25

4. Mechanical Ability 25
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5. Written Report—
(a) Observation 10

(b) Sequence 5

(c) Originality 5

(d) Detail 10

100

The term "Ptinctiiality" means not only i)unctuality in attend-

ance, but also ])inictuality in t^etting out the work and in submit-

ting- his written reports. When the a])prentice has prepared and

submitted a satisfactory report, he is placed in the next succeed-

ing^ department. A copy of the apprentice's efficiency record,

maintained at the main office, is furnished him every month, thus

informing- him of his weak points so that he may build them up.

A certain portion of the apprentice's time, usually during the

latter part of the period in each department, is given over to cre-

ating and developing his executive ability. This is accomplished

by assigning him to positions as gang boss. In addition to this he

is also assigned to small jobs of outside inspection, thus affording

him an opjiortunity of visiting other jilants to learn different

methods.

From the records kept at the main office the company selects

names of apprentices arranged according to their respective abili-

ties. When a vacancy occurs, or a position is created, the ap-

prentice best equipped to fill the vacancy, as shown by the records,

receives the appointment. Thus it is evident that the apprentice's

standing and advancement depends entirely upon his own merit

and exertion.

IN ELECTRICAL INDUSTRIES

H. R. TEAR. '14

Practically all of the large electrical manufacturing companies

conduct training courses for technical graduates. The object of

these courses is primarily to give college men a training that will

fit them for responsible positions with the concern aiving the

course, thus serving the two-fold purpose of supplying the com-

pany with specially trained employes and preparing the college

graduate for commercial work. I will not attempt to discuss

here the relative merits of these courses, or of the principle

which they represent, but shall merely try to give a description

of the courses given by some of the most widely known concerns.

One of the most highly develo])C(l and perfected of these train-



The Apprexticesiiip S^sTJiM for Technical Graduates 147

ing courses is that offered by the Westinghouse Electric and

]\Ianufacturing Co. This company does not aim to train men

for employment in the company only, but makes it a point to see

that some of the graduates of the course get positions with other

electrical concerns, especially in the operatinu' end of the business.

The men are thus put in positions where they can influence the

purchasers of electrical apparatus, and they are almost certain to

specify Westinghouse apparatus because of their familiarity with

it, with consequent advantage to the company.

The training course first offered by this company was rather

a haphazard affair, where the students were sometimes lost track

of and were not held strictly to the course. But as now modified,

the course requires that the stiKlent be held to a very definite

program. The course is from eighteen months to two years in

length, the first year being of a general nature and the remainder

being specialized, preparing the student for the particular line of

work for which he shows preference. For the first six months

the students are employed in the various manufacturing depart-

ments of the company. Each man is given six weeks in any one

department, so that he gets experience in four different shop sec-

tions, and consequently in four very different lines of work. The

shop schedule is so arranged that the student will obtain experi-

ence in lines of work as diverse as possible. A representative

schedule of one of these courses gives the student six weeks in

winding transformers, six weeks in winding motors, six w-eeks

in machine assembly, and six wrecks in switchboard assembly, thus

making up the first six months of the course. At the end of this

time the student is sent to the testing-floor, where another six

months are spent. During all this time the student must attend

a three-hour recitation period each week, where he is quizzed on

the particular line of work in which he is engaged at the time. In

addition, throughout this period an accurate record of the stu-

dent's conduct, etc., is kept. Each foreman or department head

under whom the student works, grades him on his work and also

on his personal characteristics, such as originality, adaptability,

industry, etc., and a record of these grades is kept. This record

is of great assistance to the educational department in determin-

ing just what sort of work the student is best suited for. the posi-

tions being selected largely on this basis.

At the end of a year tlv.- student is supposed to have reached
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some definite conclusion as to which department of the company

he prefers, and he is put into that department in which he desires

to speciahze for another term of ahout a \ear. The company does

not ri_c^idly enforce a stay of a whole year more on the course,

but strouijly advises the students to do so. When a man is ready

to go into the actual em])l(>y of the company, he is taken off the

course and g-iven a re.gular job, or if he prefers, the company

may locate him with some other concern. During' the first eight

months the student is paid $46 jier month, during the second

eight months $51 per month, and for the rest of the time he is on

the course is paid $56 per month. As soon as a student is taken

off the course and given a regular position with the company he

is paid more, his salary being governed by the man's ability, his

value to the company and other factors. The important things

to notice about this course are that the student is under the direct

supervision of the educational department at all times, that the

course is rigidly adhered to, so that no department head can step

in and take a desirable man off the course to put in his own de-

partment, to the detriment of the student, and that a man is free

to take his choice in his position—nothing is forced upon him.

The General Electric Co. is another concern that conducts a

representative training course. The course offered by this con-

cern consists of nine months in the factory and testing depart-

ments, and three months in the particular department for which

the student desires to fit himself. The first five or six months are

spent in the various shop departments, where the student learns

how the different machines, etc., are made and assembled, and

also learns much about factory methods. Working right along-

side the regular workmen gives him an opportunity to learn a

great deal about the handling of men. labor conditions, etc. Be-

sides the regular factory work, the student is required to go to

recitations weekly, where the theoretical phase of the work he is

doing is taken up. and he is given the opportunity of consulting

the engineers of the company, who are big men in their field.

The experience gained on the testing-floor is of great value, no

matter what department of the work a man expects to take up.

The wages ])aid the students are $1 1 per week at the start and

$14 per week during the latter part of the course. After the stu-

dent is given a regular ]')osition with the company his wages will

dei)end upon circumstances, there being no fixed schedule. Many
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of those who finish the course are given positions with other con-

cerns who apply to the General Electric Co. for competent men,

so that taking the course does not imply that a man must neces-

sarily stay with the company. Further details concerning the

course offered by this company were not obtainable, as some of

the features have recently been changed and full information

about the new changes had not been made public at the time of

writing. In addition to the regular course, which lasts' about a

year, a special training course for engineers is offered. This

course extends over nine months, and requires for admission a

minimum of twelve months' experience in the testing department.

The work consists principally in assisting the consulting engineers,

and prepares one for the consulting engineering department. In

general, the course offered by this company is similar to that

offered by the Westinghouse company.

Another large corporation offering a training course for tech-

nical graduates is the Western Electric Co. This company is in

reality the manufacturing department of the Bell telephone com-

panies, and its sole business is the manufacture of the electrical

apparatus used by them. It offers a course about a year in length,

during which time the student works at the regular factory hours,

and is given work in nearly every department of the company.

The course is so arranged that the student gets practical experi-

ence in practically all branches of the work. The pay is $65 per

month. There are three courses offered : the commercial, the

manufacturing, and the engineering, each course preparing the

student for one of the three general divisions of the company.

The student must decide which course he desires to take before-

hand, as no general course is offered. This concern prefers to

take only those who desire to continue in their employ, and does

not undertake to train any who expect to work with some other

concern.

Among the other concerns that conduct training courses mav
be mentioned the Cutler-Hammer Manufacturing Co., whose

specialty is the manufacture of motor control apparatus. The

course offered by this company consists of from two to six months

in the testing-room, three to six months in shop work in the va-

rious manufacturing departments, and additional work in the

designing department. The course, strictly as a course, leads

only this far—that is, to the design of apparatus. From this
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point, furtlier progress depends entirely upon the individual. The
salary i)aid durini;- the first six months is $60 i)er month, during

the second six months '$75 per montli. and at the end of a year

$90 per month. After that, the future salary depends upon the

man.

As to the value of these courses to the average technical grad-

uate, ahout all that can be said is that it depends largely upon

the individual. There is no doubt that for some men the best

thing they could do would be to take such a course, especially if

they have not had any previous experience in electrical work. And
there are others to whom the time spent on a training course

would be practically wasted, and who would probably make a

great mistake to take it. Xo one can deny that the exj:)erience

gained in these courses is very valuable, and it is really a question

of whether one can afford to spend the time required or not,

vvhich must be decided by the individual.

IN RAILWAY SERVICE

E. G. YOUNG, '13

In the service of the railways of this country are to be found

widely varying types of arrangements for the training of men for

official positions in the engineering and other departments. As
the courses vary in type, so they vary equally in their attractive-

ness to the man for whom they are intended—usually the technical

graduate. The designation "Special Apprentice" has come to have

reference to anyone, who wdiile strictly in the apprentice class, is

not entirely governed by those rules which cover the journeyman

or artisan apprentice; men under this classification are given

special opportunities to become familiar with more than a single

phase of the work. As the majority of roads having the special

courses specify that only technically educated men are eligible, the

purpose becomes virtually to give further training which shall

teach the '"how" of jirocesses, of which the "why" has already

been learned ; to build a structure of practical knowledge on the

theoretical foundation.

There are probably two dozen of the major roads and svstems

which have some sort of an organized and formulated plan for

handling special apprentices, and as many more which take them

into the service under certain circumstances, largely with the idea

that a good man will make his own opportunities—a theory that
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works out very poorly in a railway shop. The extremes of organi-

zation are represented by the high development of the elaborate

course long administered by the Harriman lines, and by the mere

placing of the man by the side of the regular artisan apprentices

with a year or more of time allowance for his preparation, as

practiced by the majority of the roads. From the point of view

of the officials of the road, the former method has lost its popu-

larity, as it has not produced the results desired in spite of its

attractiveness and the care with which it has been administered.

From the standpoint of the college man, the latter course is even

more objectionable. Assuming that he has had the good sense not

to expect "a nice, clane, aisy job" when he entered railway work,

there are three grave faults in the system : he is in oeneral put

into work for which he is not well fitted, since it is not the purpose

of the technical school to turn out machinists or pattern makers ;

he is at work which will give him little or no incentive to keep

up his study and to keep his store of theoretical knowledge use-

ful ; and gravest of all is the resentment which the other

apprentices are bound to feel (and with very much right) toward

this man who is to them an interloper, with an unfair advantage

over them. Somewhere between these two extremes of method

which have been worked out in the past there must be a mean ; a

mean which, given the kind of man that is not afraid of work

(and hard, dirty work, at that) and who has the determination

to "stick," will prove to be the recruiting station for capable men
which these employers need.

Though not pioneers in this work, the highest development of

the special apprenticeship system has come on the Harriman

Lines. For many years the Union Pacific maintained a course

open to a few technical graduates each year (though others were

occasionally admitted) which gave three years of training, eui-

bracing work in nearly every department of operation and main-

tenance. The apprentice began work on the track, and worked

from three to six months in turn, at each of the following: firing,

braking, section gang work, bridge and building gang, extra

gang timekeeper or assistant foreman, and finally as foreman in

one of these departments. At each job he received the regular

pay which others in the same position were given, and at the end

of the three-year period was appointed to division work : a fore-

manship, or a Trainmaster or Assistant to the Superintendent.
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At the present time this course has been virtually abandoned, with

tlie reason given that men thus appointed and trained have failed

to make good.

Some of the other roads which have Special Apprenticeship

arranq-ements are : The Chicago and Northwestern, The Great

Northern. The Rock Island Lines. The Santa Fe System, Louis-

ville and Nashville. The Pennsylvania, The New York Central

Lines. The I'.altimore and ( )hio, and The St. Louis and San

Francisco. This list nuikes no pretense of completeness, but

among the roads listed are found practically all of the types of

courses which are offered.

The Chicago and Northwestern course is open to graduates of

technical schools, with the stipulation that they must have entered

the school prior to the age of twenty-one. The length of the

course is three years, and the work done is largely in the machine

shop and on the erecting floor, with the latter part of the period

spent in test work of various kinds. The pay at the start is

seventeen cents per hour, with a semi-annual increase of two cents

per hour, making twenty-seven cents during the last six months

of the course. There are at present vacancies, for which men are

desired.

The Louisville and Nashville has no set rules for the employ-

ing and training of special apprentices, but have at various times

taken in men under special agreements, designed to give them a

more general knowledge of the mechanical work that is obtained

by the artisan apprentice. The results in the case of this road

have been unsatisfactory, and there are no such positions open at

the present time.

The Pennsylvania has a special apprenticeship course of four

years length, embracing work in each of the shop departments;

also a Signal Department apprenticeship. Men who are graduates

of technical schools of recognized standing, are eligible, with the

specification that they must be under the age of twenty-five at

the time of appointment. There are. however, no vacancies at

present. The wage at the beginning of the course is eighteen cents

per hour.

The practice of the New York Central is to appoint no special

apprentices, as such, but to make a time allowance on the regular

a])prenticesliip courses to those who have had experience which
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warrants this. The time allowance may be as much as two years

on the four years' course.

The Baltimore and Ohio offers a course to which college grad-

uates who can pass the regular physical examinations are eligible,

in which the apprentice works for three years through the various

stages of mechanical processes, both in the shop and on the road.

The rate of pay at the start is seventeen cents, and there are

several vacancies to be filled at the present time.

The course offered by the Rock Island Lines is of a more
technical nature than most of the foregoing. Recommended
graduates are eligible, and a strong preference is given to those

who have done previous railway work, and who have been out of

school at least a year. The apprentice goes onto the "personal

staff" of the Master Mechanic or shop foreman, as his assistant

and gains incidental experience in shop, erecting-floor and draft-

irjg-room operations.

To be orouped with railway apprenticeships rather than those

of industrial plants is the course which is offered by the American
Locomotive Company. In a sense, this is not a "course," for

there is not a prescribed line of work, but the technical graduate

is given every opportunity to work, in turn, in the different de-

partments and in the different works of the company, of which

there are six in operation. The pay at the start, for men in the

shop, is twenty cents an hour, and in the drafting-room, thirtv.

In the words of Mr. L. L. Park, who was here a short time ago

in the interest of the company, "Promotions are hunting for the

men that are worthy of them, and our 'specials' are not for-

gotten."

The Santa Fe's course is open to men who are graduates of

technical schools of recognized standing, and consists almost en-

tirely of practical work in the shop and on the erecting-floor with

the journeymen-apprentices. The pay increases from fifteen to

twenty-seven cents per hour in the three years of the course. Of
this course, Mr. F. \\'. Thomas, Supervisor of Apprentices, says

:

"I w-ould like to say that we have been experimenting with

special apprentices for the ])ast ten years, and the results have

been anything but satisfactory. We used to give them some work
in the shops, and a great deal of special work in the Test Depart-

ment, and with the Mechanical Engineer, both in the laboratorv

and on the road. Our prime object in getting special apprentices
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is to get good material for the making of our mechanical officials.

We soon found out that the special work that we had been giving

them did not fit them for the j^ositions—the university or technical

school having given them all of the s])ecial and technical work

that they would ever need. Tlu'ir real need is practical work to

get ac((uainte(l with the customs and practices of the road, the

e(|uipmcnt and shoj) methods."

It is ])lain, from the attitude of the majority of railroads, that

the special aj^prenticeship system is not looked upon with favor,

the general claim being that it has been a failure, due apparently

to the (|uality of the men which have been secured. On any such

question there are a nuiltitude of arguments on both sides; that

of the employer and that of the graduate seeking the further train-

ing. There are two plain ])oints in the technical man's case, or

against the usual apprenticeship system. To make advancement

in railway service it is necessary to know the "how" of the

processes as well as the "why," which has been learned in the

technical school ; therefore, a degree of manual skill and famili-

arity with shop methods and practices (on which the school work

has little more than touched ) must be obtained. But it is mani-

festly unfair to i)lace the graduate by the side of the artisan

apprentice, who has had a year or two of shop experience, and

then draw the conclusion that the college man is incompetent,

because he can not produce an equal amount of work. The second

point is this : seventeen cents an hour is not tempting to the ma-

jority of graduates, and it is extremely doubtful whether the

railways will get a class of men at this rate which will be generally

satisfactory.

In fairness, hear Mr. Thomas, as he states the case of the

employer

:

"Our chief difficulty in handling special apprentices has been

that they will not stick to work. They all want to be Master

Mechanic or Engineer of Tests, or Superintendent of Motive

Power about six weeks after they are graduated from college.

One special apprentice remarked recently that he would be out

of his time in a cou])le of months, and he would be awfullv glad,

as he would get away from the dirty work, and out of wearing

his overalls ! This feeling i)ractically i)aralyzed him for all time

to come. A s])ecial apprentice, fresh from a college or universitv,

is about as useless an employee as you can have in a railroad sho]:)
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for the first six months of his apprenticeship—in ordinary work,

he can not begin to hold his own with the ordinary machinist

apprentice—in fact, he never will accomplish as much work, while

on the very face of the thing, he should be able to accomplish a

good deal more. His age. his education and association should

all be in his favor, but I regret that for actual shop work, his edu-

cation does not seem to have benefited him any. There are a

few exceptions, but I am speaking of the majority."



JOHN FRITZ (1822-1913)

W . (i. Al.Tl'K'll-'.K. '15

The death of John Fritz, on February 13th of this year, was a

great loss to America and to the iron and steel industry. John

I-"rit/. died at liis home in licthlehcm. Pennsxlvania. at the age of

ninety-one years, lie was a pioneer iron master and a dis-

tinguished manufacturer, who was known and honored abroad as

well as in his native country. Starting life in comparatively

obscure surroundings, without any of the great advantages of a

technical education, he fought his way to the front, leaving behind

him a name and a record which will long be honored.

John Fritz was born in Chester County. Pennsylvania, August

21, 1822. Fie came of parents of exemplary character. His

father was born in Germany, and his mother in Chester County,

Pennsylvania. The elder Fritz was a millwright and a machinist,

and }oung Fritz, from his early boyhood on the farm, showed a

tendency toward the mechanical side of life. At the age of six,

he was given his first job. This consisted of light chores about

the farm. His father was very strict and exacting, and would

allow nothing to be done unless it was done in the best possible

maimer. Young Fritz at times could not see his father's idea in

being so strict and exacting, but he later lays his success in life

to the careful and exacting training received in early youth from

a kind and exacting father. At the age of eight he was given

his first opportunity to attend school. The school term was very

short because many of the pupils had to work on the farm, and

attended school only for a short time during the winter. Fritz

continued to attend school for three months each winter until he

was fifteen years old. when he became an apprentice to a black-

smith. Here he had to inmi]) bellows for the better part of six

months. During this time his interest in machinery greatly in-

creased, and whenever he had some time to himself, he could al-

ways be found at a nearby mill, looking over the dififerent kinds

of machines.

In 1839, while he was still an apprentice, he devised a scheme

for changing a flint lock shot gun to a percussion cap. This little

idea brcuight him quite a good deal of money. By working late

at night he changed all the old flint locks in the neighborhood to

percussion caps, charging the owners a small sum for the improve-

ment. During this time, his employer met with an accident, just
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as a large piece of work had to be turned out. Fritz had been

working with his employer on the job, and the finishing of this

piece of work naturally fell to him. He completed the work so

well that he was given the position of assistant foreman. Flis

interest in locomotives and in railroading now became so great

that he was determined to learn the iron industry at the first

opportunity. This opportunity came in the way of an apprentice-

ship to a mill at Coatesville, Pennsylvania, which had been built

for rolling bar iron. Fritz was determined to learn the dififerent

processes from start to finish. Each night found him at the

puddling furnaces until he had mastered their operation. He then

spent his evenings in the heating and rolling departments, where,

after gaining the confidence of the working men, he learned each

operation in these departments. At that time it was very hard to

obtain anything from the workingmen, because many were

foreigners who were very jealous of what knowledge they pos-

sessed in this line.

John Fritz had but one guiding star, and that was never to shirk

a responsibility, and never to miss an opportunity to acquire

knowledge. During this entire time he had been so taken up in

his work that he had not seen that his employers had taken a

good deal of interest in him, and was very much surprised when
he was given the position of Night Superintendent, followed

closely by a promotion to Day Superintendent. His policy now
was to let nothing leave the shop unless it was of the best quality

in that line. This, and his many improvements in the puddling,

heating, and rolling of iron made his rise very rapid. These im-

provements had all been made possible by his hard night work

when an apprentice. As a result of his untiring work in the iron

industry, he was asked to assist in the building of the Cambria

Iron Works, at Johnstown, Pennsylvania. During this time his

path had not been strewn with roses. He had had trouble with

workingmen, sickness had taken a good share of his time, and he

had once lost his mill by fire, but undaunted, he came back and

fought his way to the front.

Federal recognition of Fritz's genius came during the civil war,

when he was given charge of the mill at Chattanooga, Tennessee,

where locomotives were repaired and rails manufactured for the

Government. When the Bessemer method for the production of

cheap iron was introduced into this country, Fritz realized its
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enormous value and he. with two other men, appHed their fj^enius

to the improvement of the process. It was they who laid the

foundation of the enormous industries which are now rei)resented

by the iron and steel trades in this country. The recreation of our

Navy was rendered possible when our ironmasters ai^reed to take

up the manufacture of armor plate and the necessary forging- for

guns of heavy caliber. John Fritz stood foremost m this move-

ment, and his llethlehem plant was the first to take up the manu-

facture of armor plates in the United States.

Lehigh University owes nutch to the trusteeship and generous

assistance of John Fritz. In 1898, Columbia University conferred

upon him the degree of Master of Arts. He was an honorary

member of the American Society of Civil Engineers, was presi-

dent of the American Society of Mechanical Engineers, and also

of the American Society of Mining Engineers. In 1895, he was

awarded the Bessemer gold medal, by the unanimous vote of the

Iron and Steel Institute of England. He was also elected an

honorary member of that society, at which time there were but

five other names carrying that distinction. On Mr. Fritz's eight-

ieth birthday was founded the John Fritz gold medal for achieve-

ments in engineering sciences in this country. John Fritz was

not more distinguished than he was beloved, and many are the

American engineers who are willing to pay tribute to the memory

of the aged pioneer ironmaster.



UNCOVERING THE FACTS

By Students in the Shop Management Courses.

Introductory Note by Director B. IV. Benedict: A dis-

tinguished engineer in recounting, not long ago, the experiences

of a life time, made the startling observation that he had found

but one man among many—meaning hundreds—who was

thoroughly informed as an expert in one particular branch of

work. College men and graduates from the school of hard knocks,

composed without distinction the ranks from which these con-

clusions were drawn. No taint of pessimism colored the views of

this keen observer and analyst. His was a simple statement of

facts as he had found them.

Sweeping as this arraignment of the rank and file may be, it

is true. If not, why the scarcity of trained and competent men
for positions of responsibility ; and the glut in the conniion occupa-

tions of the drafting room and shop? Any large employer of

labor would rather have men of the $10,000 caliber than those of

the $500 type, said Mr. Alexander H. Revell, in a recent address,

because the high price man returns service worth many times

what it costs, while the other repays on the basis of dollar for

dollar—perhaps less. The man who knows—the expert—is cheap

at almost any price, and we are entering on an era in which the

specialist will become increasingly dominant and receive rewards

far greater than those of the present day.

There is no formula for becoming an expert, nor o/^eii sesame

by which the goal may be reached. Some of the qualities that

characterize the expert are undoubtedly inherent, but most are

acquired. Not every one can become a specialist, but more fail

from lack of concentration and hard work, than from personal

limitations. The individual of ordinary attainments can by appli-

cation to one particular problem, become an expert. If the prob-

lem is limited in scope, the expert may not rank with those who
are specialists in larger things, yet he will become a contributing

factor in the progress of civilization, and receive a corresponding

reward.

An expert is defined as "one who has special skill, experience,

or knowledge, as in some department or branch of science." To
qualify under this definition, the individual must quite obviously

possess some uncommon attainments. Among these, the personal
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element will naturally remain distinctive, but the attributes ac-

(juired tlirou.^h training- and experience are of necessity more or

less common to all individuals of this type. For instance,

specialists have the ])o\ver of observation and analysis developed

to a his^h dei^ree. The ability to see things as they are—to "rasp

at once the vital elements of a problem, is ])erhaps the di'-tinguish-

iwi;^ characteristic of the ex])ert. This faculty varies willi llie

individual, but it can be greatly developed by training-.

In the shop manag^ement courses, the young; engineer is given

an oppt)rtunity for developing his powers of observation by the

ai)i)lication of methods which approach those of practical life. The

functions of the Standard Practice Engineer are essentially those

of the expert in shop processes of manufacture and production.

r.v careful analysis—of the movements made by operators ; of

cutting feeds and speeds of machines ; of tool and machinery per-

formance ; of efficiency of belting ; of movement of ])arts through

the shop ; and of a multitude of factors entering into shop opera-

tion, the losses in time and wastes of movement (all of which cost

money, but do not produce revenue) can be definitely determined.

It is then but a step to devise methods without the costly frills

of previous practice.

Improvement never precedes investigation. The searching eye

of the analyst is the force behind the spirit of progress, as it lays

bare the inefficiencies of the moment—and who knowingly con-

tinues to use inefficient practices ? The trouble is not here, but in

the recognition of the bad which lurks unseen and unannounced in

all human afifairs. In developing the shop courses it has been the

aim of the instructional staff to use students as investigators for

the value of the training to them. Following are a few repre-

sentative reports of students, showing general conditions in the

machine department. As first efforts they are worthy of special

commendation. No s]:)ecific instructions were given, but the

keys of the sho]) turned over as it were, to the student, with the

re(|uest to hunt wastes and inefficiencies. Even though the con-

ditions were known in detail to the instructional staff before these

assignments were given the students, no suggestions were offered.

The student was thrown upon his own resources for the purpose

of develo])ing that most important faculty—analysis. The manner

in which this o])portunity was embraced mav lie judged bv the fol-

lowing reports

:
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By E. M. BARNUM, '15

The accompanying records, taken in section 'T" of ^I. E. 42,

are intended to show any weak points of the system now in use.

The time was taken on standard operations, carried out by the

students, according to the directions on the instruction cards.

The results show, as was expected, considerable waste of time

in the shops. There was, however, no waste of stock, other than

the turnings from the castings.

The loss of time was due to a number of different causes. In

some cases the instruction cards were incomplete and failed to

give the speed of the machine for various operations. This in-

variably resulted in the student running the machine slower than

the intended speed, and thus losing much time as well as doing

poorer work. In all such cases a note was made at one side of

the record sheet.

While the object of the time study is essentially to improve the

instruction cards and thus to make the shop more efficient, the

time lost in other ways was not overlooked.

A record was taken at both the tool room window and dispatch

window in order to ascertain whether any time was being wasted.

The principal business at the dispatch window is to assign new
jobs. The average of the time taken for eleven consecutive job

assignments, was 58 seconds, which seems very low and goes to

show that not much time was lost in this department.

On the other hand, about one-fourth of the time lost in the

shop was lost at the tool room window, and chiefly at the be-

ginning of the period. On two occasions, the last man did not

leave the window until 20 minutes after stamping in at the be-

ginning of the period. The shortest time required to equip all

of the men with tools, etc., was 11 minutes. This was due to the

fact that at the beginning of each period all of the men wanted

tools at the same time.

A great deal of time was lost owing to the fact that the students

were not familiar with their work and machine. A good example

of this was found in the piston ring job. No. 76 required 3

minutes to part the first ring and by increasing the depth of cut

gradually, he was able to part the last ring in 50 seconds. The

loss of time through imfamiliarity is unavoidable to a certain

extent in a shop where the students are moved from one machine

to another and t^iven different jobs continually.
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There were a number of ways in which small losses were

caused. Some of thcni as follows

:

(a) One date niiioh time was lost on account of there being

but one grindstone in operation.

(b) On three occasions it was necessary to hunt for tool

post wrenches.

(c) The chucks invariably jammed on the spindle and thus

caused a lot of trouble before they were loosened. This was

partly due to the fact that they were screwed on too firmly.

(d) In the case of work on Card Xo. 4-1 a lot of time was

lost owing to the fact that the Bloomfeldt boring tool would not

fit in the tool posts of the first two lathes on which it was tried.

Quite a saving of time could be made by having all of the belts

in the shop inspected and the loose one tightened. The machines

could then be worked harder and it would not be necessary for

the student to stop to tighten a belt in the middle of an operation.

The tote boxes which have recently been placed in the shop,

have proved to be quite a help in saving of time, and in keeping

the different pieces together during the different operations.

Most all of the losses may be remedied and in some cases they

have been since the accompanying data was taken.

By R. E. MORRIS. ']5

In complying with request to investigate the conditions in the

machine department, I, as Standard Practice Engineer, have

watched the work of dift'erent students in Section "L." with the

aid of stop watch and instruction cards, and can re])ort the fol-

lowing conditions

:

When a student starts a new job (in most cases the machine

is new to him), he loses time getting the instructor to come to his

machine and instruct him in the working principles of that ma-

chine. Xo. 11. not being familiar with his machine, only made an

efficiency of 53 per cent for one period. When a student under-

stands the machine, the work progresses rapidly.

In beginning a new period, a student after being assigned to

a machine, finds that work has been left on the machine from

last period, and in order for him to work on his job he must re-

move the piece from the machine and place his own on it. If this

is repeated in every section, each student loses a considerable

amount of time.
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In all cases, students lost from three to six minutes obtaining

tools from the tool room at the beginning of a period. In the

case of No. 57, who was familiar with his machine and the work,

one-tenth of his time was lost by frequent trips to the tool room.

No. 2, wasted one-third of his time looking for a tool which he

had checked from the tool room but had misplaced around his

machine.

It seems that most of the time is lost by checking tools from

tool room, and not being able to locate exact tool. Short periods

are a great disadvantage, as has been shown by the necessity of

changing work or machine each period. The students being un-

familiar with machines is expected.

By RUSSEL D. LANIER, '15

I have the honor to report my observations of time of the shop

methods and practices in the machine department during section

"O." In practically all jobs that have been timed in the shop,

fear of spoiling the work or injuring the machine has been a

large factor in slowing the speed of the workman. When this

fear is overcome, the efficiency of the workman is greatly in-

creased. For example. No. 51, in grinding piston rings, Instruc-

tion card A 18-4, finished the first ring in 18 minutes and 33

seconds; the second in 11 minutes, 39 seconds, and the third, 6

minutes and 19 seconds. His time for the last ring was prac-

tically three times faster than for the first. Another case is on the

cam shaft. Instruction card A 19-3. In milling cam No. 1. the

student worked 70 minutes ; later, on the same operation the cam
was milled in 7 minutes and 30 seconds, or ten times more rapidly

than the first.

Losses due to stamping in and out at the clock were found to

be inconsequential ; the average time for stamping being 7 seconds.

Taking the average of ten time studies, it was fomid that an

average of 6 minutes and 42 seconds were lost on each job, due

to grinding of tools alone. With twenty-seven men working, this

means a loss to the shop of 3 hours and 54 seconds in a working

period of 2 hours and 40 minutes, or that one and one-eighth

hours are lost to the shop in each working hour from this cause

alone. On a wage basis of twenty-five cents an hour, the shop

losses, or spends for grinding, $2.83 in a ten-hour working day.

There would never be a time when each man would ])ut in liis
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6 minutes and 42 seconds qrindin^'. Init the total loss is not to be

overlooked.

Time lost in ,i;ivin^- out tools and stock amounts to much less.

The maximum loss was found to be 1 hour and 33 minutes in

a workinfj period of 2 hours. \ erv little more would be lost in

an 8 or 10 hour daw In money wa^es. this amounts to a loss to

the shop of thirty-seven and one-half cents a dav for an or,y,"aniza-

tinn the size of this section.

The sum total of these losses forms a loss worthy of serious

consideration.

By THOMA.S WHITE. '15

With the general efficiency of the shop in mind, I made time

studies of the different operations (Section "jM") in the manu-

facturing' processes of the machine department. Attached are

tabulated forms on which the time of several operations is shown,

what time was lost, if any, and the reason for the loss of time

i.v indicated. These separate reports are self-explanatory as far

as they go, but the defects which reduce the efficiency of the shop

would not be sufficiently brought out unless properly classified

;

consequently this report will treat under their particular headings,

the causes for loss of efficiency.

Improper inspection is the cause of such loss of time. In

operation 3-3, the student spent practically two afternoons turn-

ing up a crankshaft, only to discover at the end of that time that

the student who had performed the previous operation on the

drill press, had drilled the holes too deep in the pin, and the work

was thus spoiled. Had the piece of work been properly inspected,

the student's time would have been used to the better advantage

of the shop. In the case of bases and crank cases. I have noticed

that there were several castings at the horizontal boring mill,

which should have at this stage needed only one operation to com-

plete them. This was not the case, however, for on some of the

castings a few holes had not been bored, while on others a com-

])lete operation had been omitted; consequently the production

engineer coidd not coimt so many castings as about to be finished,

for the castings had yet to be drilled on the drill press. Had these

crank cases been inspected after each operation, this could not

have happened.

Other sections disturb or remove work fremiti machines and

cause much confusion and loss of time. In one instance the rout-
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ing assistant assigned a student to a job on the bases, and after

the student had gotten his card and his tools, he found on arriving

at the machine that no such job was in evidence. Another sec-

tion had evidently removed or finished the job. At any rate

thirteen minutes were lost. (See No. 48, operation 2-1.) Pieces

that have been chucked at the end of the period are taken from

the chuck before the next period and the process of chucking has

to be repeated. (See No. 61, operation 6-1.)

The student not being familiar with the machines causes time to

be lost. The turret lathe and bolt cutter ofifer the most trouble.

At best the student can only get started after the instructor has

spent a great deal of time in setting up the tools (See Nos. 23

and 18, operation 34-1). A considerable amount of time is also

lost at the Cincinnati milling machine, because the student is not

acquainted with the speeds, and the method of changing the direc-

tion of the cutters.

Quite frequently, the student is called upon to go to the forge

department for material. This consumes a great deal of time,

when it seems that this is unnecessary.

Another potent factor in lessening the shop efficiency is the fact

that the necessary tools for performing an operation are not at

the machines. This causes the student to lose much time in going

to and from the tool room. At the beginning of a period a number

of students apply to the tool room at once. Congestion for a

few minutes is the result and the student loses from three to ten

minutes getting his tools. In (No. 35, operation 10-5) the caps

did not fit the jig for the drill press, and time was lost in filing

them until they did. In (No. 97, operation 2-4) the shank on the

drill was not long enough to reach the slot in the tool holder of

the boring mill, and over thirteen minutes was lost in loosening

the tool. In (No. 97, operation 8-2), there was no taper shank

drill to fit the chuck in the drill press ; consequently the tool

slipped continually, and much time was lost.

In instances where stock should be forwarded to the next ma-

chine when an operation has been completed, this has not been

done. Frequentlv, when a student is assigned a job, he loses five

minutes in finding the stock. The routing assistant is responsible

for this, but he can hardly be held accountable, for wdien he

arrives, he never finds his work as he left it—other sections have

moved the work and he has to spend a busy half hour trying to
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find how the "land lays," before he can with any deg^ree of

certainty, assign a jtjb.

Outside work interferes with the shop (.'fficiency. On one occa-

sion when a niacliinist was cutting- test ])ieces of boiler plate, a

student had to wait for an hour before he could use the milliuii'

machine.

The records kept in the office are not accurate. In no case

have T seen the material despatch sheet iii a condition so that it

could be relied upon to give definite and exact information telling

at what stage of completion a casting was, or how many of its

kind were completed. In such a case the routing assistant and

material engineer were called upon to hunt u]> what castings could

be found.

In my opinion, a conservative estimate of the time lost by the

average student in a period of 2 hours and 40 minutes, is from

15 to 30 minutes, due to the causes enumerated. In some cases

the time lost does not approach this, but in others it exceeds it by

a half hour or more.

In summing up the chief causes which reduce the efficiency of

the shop, I would say that there are eight : ( 1 ) lack of proper in-

spection when an operation is complete; (2) interference from

other sections, especially in the case where work is left in chucks;

(3) the students not being familiar with some of the machines;

(4) the necessity of going to the forge department
; (5) the neces-

sary tools are not at the machines, and time is lost going to the

tool room; (6) the stock is not forwarded promptly for the next

operation; (7) outside work keeps the students from working at

the machine they need to use, and (8) the records of the office

are inaccurate.

As a remedy for this loss of time, I would suggest: (1) rigid

inspection of each operation when complete; (2) devising some

means by wdiich work could be left in a chuck undisturbed by other

sections; (3) instruction early in the semester on the turret lathe,

bolt cutter, and milling machine ; (4) keeping sufficient stock in

the tool room to obviate the necessity of going to the forge depart-

ment
; (5) having all the tools necessary for an operation kept

together so that the student need apply but once for them at the

tool room ; (6) devising some means by which the routing assis-

tant can continue with his work from one j^eriod to another, with-
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out having to lose time in looking over the entire shop each period

before he can safely assign jobs
; (7) outside work should be done

after the students have left the shop; and (8) each casting should

be brought to the production engineer when finished and inspec-

ted, or positive information on some printed form should be given

him so that the stock book and despatch sheet tally with the stock

on hand. If the material and production engineers co-operated

in this matter, I think better records would result.
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EDITORIAL
It gives the present management of The Techno-

THIS GRAPH no small pleasure to be able to present to the
ISSUE •

subscribers this issue, the fourth of the collegiate

year. Thanks to the efforts of the outgoing board, consisting of

Air. H. W. Underbill, as Editor-in-Chief, and Mr. G. G. Fornoff,

as business manager, The Ti'XHXOGR.xph has been ]:)laced on a

firm financial basis. Thanks to the student body, whose interest

is manifest in the number of student autiiors—over half of the

contriluitions ha\ing come from undergraduates. With the com-

])letion of the present volume, the first in the history of The
Techxoc.r.vph, to consist of four numbers, the prospects for a

larger and better Ti-xii xocraimi arc particularly encouraging.
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The resignation of Professor E. J. Berg, as pro-
PROF. fessor of electrical engineering, calls forth the

heartfelt regrets of all his students. His cordial

personality and kindly guidance will long be remembered. His

wonderful ability of presenting the most profoundly technical

abstractions by illustration and analogy, such that even those un-

derstood who are untutored in the mysteries of the science of

which Professor Berg is a master, marked him as one of our most

successful teachers. Union College is to be congratulated upon its

good fortune in securing the services of such a valuable man.

We include in this issue, a brief description of the

new courses in engmeermg. as outlmed bv the

committee of which Professor Goodenough was
chairman. Besides the changes which involve the shifting and the

combination of several courses, the most noteworthy feature in the

new arrangement is prevalence of nine hours of non-technical

electives in the junior and senior years. The wisdom of this

provision should be appreciated by every engineering student.

With the instruction in the humanities thus ofifered as a sequel

to the preceding courses in language and rhetoric, we, as en-

gineers, should, at least to a limited extent, be able to dispel some

of the current notions concerning the engineer's culture, due partly

to our affable indifference to literature and art, but more to a

lack of opportunity for the study of the humanities.

The changes are to affect next year's freshman class, the

sophomore class in part, and to a certain extent, the junior class,

but the senior course of study will probably not be changed.

We recommend the reading and the re-

SOCIALIZING reading on the part of everv engineeriufr
THE ENGINEER

^ ,
,- ^, . ^ ,- ^.

, ^^student, ot Professor lodds article. It

merits the deepest consideration. A thoughtful perusal of its

pages may profoundly influence our ideas regarding the engineer

and his relation to his fellowmen. The thrill which pervades its

lines must rouse the mind to contemplation of the ai)palling re-

sponsibilities that confront the engineer, but of which he, un-

fortunatelv, t(W often is unaware. Read, and catch its enthusiasm

!
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Hut two weeks more, and many of us
APPRENTICESHIP

,^tt,.„^, f,,^ the last time, the halls and
COURSES ,

,class rooms wherein so many anxious

hours were spent durinji- the past four years. The question

'"Where shall I go?" is now paramount in the minds of all seniors.

For the henefit of those who are contemplating to "start on the

kulder" hy entering' the services of a manufacturing company, as

special apprentices, a study of this field of em[)loyinent was made

hy three competent undergraduates. Their investigations are pre-

sented in this issue under Special .\pprcnticeship Courses for

Technical Graduates. The ideas presented are unbiased and are

based on facts obtained directly from their employers.



DEPARTMENT NOTES
E. E. SOCIETY.

Prof. A. M. Buck, of the railway department, gave his second

lecture on the subject of Electric Traction, the evening of March

14. His discussion was confined chiefly to unit switch systems

of motor control, and the development of the railway motor. The

unit switch control is a system of control, by which the main

motor circuits are opened and closed by individual switches,

these switches being operated by a control circuit which is inde-

pendent of the motor circuit. This eliminates the necessity of

the main controller carrying heavy currents and enables the use

of a small master controller, and also makes it possible to control

several motor cars in a train from one master controller. Rail-

way motors have been developed from the original belted con-

trivances, open to the dirt and dust, to the modern, high efficiency,

enclosed motors, geared direct to the axle. One of the strong-

features of the modern motors is their rigidity and ability to with-

stand rough handling.

At a meeting of the Society. ]\Iarch 28. ^Ir. Stanley P. Farwell,

of the T. & A. M. Department, gave an interesting talk on "Cor-

porational Finances.'' He outlined the growth and development

of the Westinghouse and General Electric companies, and gave

some details of their organization and of their methods of

financiering.

"The Fixation of Atmospheric Nitrogen" was discussed at a

meeting of the Society, April 11, by Dr. D. A. Mclnnes, of the

Chemistry department. Nearly all of the methods he described

involved the use of the electric arc. which causes the oxygen and

nitrogen of the air to combine and form usable compounds.

Various devices are used to produce suitable arcs, in one method

an arc 25 feet in length being used.

A large and appreciative audience heard Doctor Herg give his

lecture on Lightning Protection at a meeting of the E. E. Societ}-.

April 25. Doctor Berg first discussed the causes of lightning and

the nature of the various kinds of discharges. The function of the

lightning rod and the requirements for good lightning ])rotec-

tion were taken up and worked out on a theoretical basis, and he

concluded with recommendations as to the best form of lightning

rod to use. He advises the use of a conductor made of ^^-inch
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iron l^ipc, which should he run aldiij;- the highest j)arts of the roof

and over tlu' chimneys, with points ])r()jectini; upward at various

locations. Tlie pipes should he thorous^hly <;rounded in several

places. The tyj^c of _^roun(l he reconnnends is one made of an

iron ])ipe with munerous holes drilled in it at the lower end, the

pipe to he driven five or six feet into the .ground. Common salt

or salt water poured in at the to]) may improve the ,s^rounding

qualities of this arrangement, lie concludes that a Ijuildine: pro-

tected in the manner descrihed, is practically immune from de-

struction hy liijhtnin^-. After the lecture a business meeting was

called and it was decided to award the members of the Engineer-

ing Dance Committee the Society's share of the proceeds. C. R.

Horrell presented a report of the Electrical Show, showing a

clear profit of over $162. It was decided that $100 of this should

be set aside for the next electrical show, to be used for no other

purpose.

MECHANICAL ENGINEERING DEPARTMENT.

At a meeting of the A. S. M. E., on April 18, Mr. Domonoske

gave an interesting and instructive talk on "The Production of

Oil-Gas." Mr. Domonoske, coming as he does from the Pacific

coast, where the production of oil-gas is an important industry,

is very well qualitied to talk on this subject. Mr. H. E. Austin

was elected to the Techxograph Board.

On May 2, a large nvmiber of engineers assembled to hear

Professor Goodenough tell "What Mechanical Engineers do." He
gave a general classification of the work which mechanical engi-

neers do and then proceeded to tell of the different positions which

our graduates are holding. Bv means of a chart on which vears

were plotted against technical graduates, he showed those present

just about what position they should hold after any term of years.

From A]iril 4 until April 11. through the kindness of the

National Acme Co., the entire body of engineers was given an

opportunity to witness a demonstration of a multi-spindle auto-

matic turret lathe. The demonstrator answered the numerous

questions asked him. and gave a detailed explanation of the opera-

tion of the machine.
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THE CR^IL ENGINEERS' CLUB.

On April 11th, Mr. Langdon Pearse, Division Engineer of the

Sanitary District of Chicago, gave a very interesting illustrated

lecture on sewage disposal. He talked on the methods and de-

vices used in disposing of sewage in Chicago as well as in other

large cities.

On April 18th, :\Ir. Will P. Blair, Secretary of the National

Paving Brick IManufacturers' Association, gave an illustrated talk

on brick pavements. He outlined the economic advantage to be

obtained from good roads, and spoke of the necessity for the

P'ederal government supporting the "Good Roads" movement.

Air. Blair entered a plea for the use of proper methods in brick

pavement construction, and convinced his hearers that brick pave-

ments are economical.

April 22nd was a holiday for the thirty Senior Civil Engineers

who went on the inspection trip to Mohamet, to watch the erec-

tion of a 250 foot highway bridge. Mr. Brown, of Frazee &
Brown, the contractors on the work, treated the boys royally, and

furnished a generous lunch. The bridge is a two span Pratt truss

and was designed by Professor Dufour. Two other bridges in

the neighborhood were inspected, a highway bridge and a girder

bridge. During the recent flood, one end of one of the abut-

ments failed, leaving the bridge resting on three supports. The
masonry abutment which failed, was built on two thicknesses of

12"xl2" timber as cribbing in quicksand. As a temporarv support,

four bents on mudblocks were set in the river, and additional

falsework of railroad ties replaced the abutment corner. Cables

were attached to top and bottom of the bridge and fastened to

trees to assist in preventing overturning. The bridge was built

by the Indiana Bridge Company, in 1897. and was designed by

Professor Baker. The abutment will be replaced by a concrete

pier going below the bed of quicksand, and an additional 60

foot span will be constructed at the end of the old bridge.

MINING SOCIETY.

Since the last issue of The TECiixocRAPir, the Miners have

given two Smokers in connection with the bi-monthly meetings

of the society. At the first meeting, talks were given by two

student members of the societv. A general discussion was held
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after llie pix'scntalinn of each ])a])er. 'I'lie s])cakers at the first

nieetinj^f and their suhjects were as follows: L. W. Swett, on

"(iold Hredyini;- in Siberia"; Willis Leriche. on "Copper Mining

at I'.ishee." At the second nieetinj^', Mr. Lauer talked abunt

"(leneral Cyanide i'ractice."' and Mr. .S. ( ). Andres described

'"Placer Prospecting;" in vivid terms. Mr. Andros did not neg-

lect to tell about some of the things that had been "slipped" over

him.

Director Yoimg. of the Mi^xmri Schot)l of Mines, lectured to

the members of the faculty and students of the Mining school on

"Mine Management." on A])ril 13-14, inclusive. As the subject

is a ver\- long one. and contains many subdivisions. Mr. Young

confined his remarks to "Scientific Management.'' A comparison

of the costs of mining in various well-known metal districts was

one of the principal features of his lectures.

On March 27th, Mr. S. O. Andros. ^Mining Engineer, lectured

before the C. E. Club, and the Mining .Society, on "How Coal is

Mined in Illinois." During the past summer, ]\Ir. Andros ex-

amined a large number of Illinois mines in connection with the

Co-operative Coal Mining Investigation, hence he is thoroughly

conversant with conditions in the State. The lecture was illus-

trated with numerous lantern slides.

The junior class in ]\Iine Surveying, "chaperoned" by Mr.

Lauer. recently spent three days in Danville, 111., engaged in the

survey of a mine. Dean Clarke at first frowned upon the proposed

trip, probably fearing that the students could not conduct them-

selves in a respectable manner. Plowever, after administering a

few words of fatherly advice, he granted the class a leave of

absence.
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work of this kind by so

eminent an authority

will be of value to you.

It's free upon request.

Write for it. ^><^ ^><S><^

GUSTAVE JOHNSON, F/on'st

Cut Flowers, Potted Plants, Palms and

Ferns, Trees and Shrubs, Floral Designs

PHONES— Bell 1179, Home 1471

306 East Springfield Ave. Champaign, Illinois

ON JOHN STREET CAR LINE

THE COLLEGIATE PRESS

GEORGE BANTA PUBLISHING COMPANY

MENASHA, WISCONSIN

When writing to advertisers please mention THE TECHNOGRAPH
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Continuous Joint Weber Joint Wolhaupter Joint

Over

50,000

Miles

CATALOGUE AT AGENCIES
Boston, Mass India Bldg.
Chicago, 111 Railway Exchange Rldg.
Denver, Colo Equitable Bldg.
Portland, Ore Wilcox Bldg.
Pittsburgh, Pa Oliver Bldg.
St. Louis, Mo., Commonwealth Trust Bldg.
Troy, N. Y Burden Avenue
Montreal, Can Board of Trade Bldg.
London, E. C, Eng 36 New Broad St.

Rolled

from

Best Quality

Steel

The Rail Joint Co.
GENERAL OFFICES

185 Madison Avenue, New York City

Makers of Base-Supported Rail Joints for Standard and Special Rail

Sections, also Girders, Step or Compromise, Frog and Switch, and Insu-

lated Rail Joints, protected by Patents.

Highest Awards—Paris, 1900; Buffalo, 1901; St. Louis, 1904

Write for This New Book
Everyone interested in modern, efficient and eco-

nomical methods of conveying: should have a copy



Have You Learned How

"From theRaw to Ibe

Finished Product''

—a 72 page booklet descrip-

tive of the ' 'ChicagoAA '

'

process of manufacture.
Illustrated with 66 halftone

engravings from photos
taken at our mills.

FREE
to cement-users. Write for

a copy today.

"Chicago AA"
Portlemd Cement is made?
It is a story of great interest to the
man who uses cement It tells

how the raw materials are taken
from the quarries, how they are

weighed, proportioned, crushed
and conveyed to the mills; it. de-

scribes the "Chicago AA** process

of drying, grinding and then burn-

ing the raw mixture to a "clinker"

and explains, in an interesting way,

the method of cooling the "clinker"

and grinding and re-grinding it,

thus producing "Chicago AA"
Portland Cement, "the best that

can be made."

Read this story: It will enable

you to better appreciate the super-

iority of the "Double A'* brand

—

it will guide you in the selection of a
cement for your work in the future.

Chicago Portland Cement Co.

30 No. LaSalle Street, Chicago, UL

Manufacturers of the

^Thicago AA'^ Brand
"The Best That Can Be Made"

nBHHBnHHBnnBBBH

Barrels

Annually

When writing to advertisers please mention THE TECHNOGRAPH
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HECKMAN
BINDERY INC.

OCT 96
D,„.J5> N. MANCHESTER,




