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pe(‘ 1al Features in the Deswn of Transmission Tower

Electl 1cal Conditions
DREYER

Asst. Engincer. Division of Civil Enginccring. Pacific Gas & Electric Company, San Francisco California

Review of the Subject. - This paper is confined to the factors
which affect the struetural and mechanical phases of transmission
line design.  Thesc are divided tulo two groups as follows

1. Factors affecting design of tower.

2. Features involving location of towers.

The rwriter has in general refrained from commenting on the
variows items listed. Exccptions are made, however, in certain
features whieh in his opinion deserve particular emphasis.  Bru fly,
these are:

HE title assigned to this paper, namely “‘Special
T Features in the Design of Transmission Tower

Lines as Imposed by Electrical Conditions,” will,
if strictly interpreted, cover a field somewhat broader
than the scope of the writer's knowledge, which 1s
confined strictly to the structural and mechanical
side of the transmission problem. The paper will,
therefore, be limited to those features which affect
either the design of the supporting structures, or the
location of these structures in the field.

The writer will attempt to enumerate all of the fac-
tors, giving a brief description of the more important
points and describing how the problems are handled
in the transmission lines of the Pacific Gas and Electric
Company. The features of greatest interest,—trans-
positions,—are described by illustration. A table is
also included which gives data on the standard towers
for the 110-kv. and 220-kv. transmission lines of the
company.

FACTORS AFFECTING DESIGN oF TOWER

The factors which affect the design of the standard
line towers may be divided into two groups. one affect-
ing the shape and the other the strength of the support-
ing structure. These factors are briefly enumerated
below:

(a) Factors Affecting Shape of Tower:

1. Type of tower—single vs. double circuit.

2. Permissible distance between phases.

3. Permissible distance between circuits.

4. Length and allowable transverse deflection of
insulator string.

5. Sag of wire inside tower.

An allowance for sag inside of the tower based on a
20-deg. angle of pull will usually be sufficient for ob-
taining proper clearance between the wire and the
members of the tower.

6. Minimum clearance between conductor and
members of tower.

This clearance should be maintained, using a length

Presented at the Pacific Coast Convention of the A. I. E. E.,
Del Monte, Cal., October 2-5, 1923.

1. The consideration of an ‘“‘ccanomical stringing siress’ as
deseribed under **Factors affecting Strength of Tower.”

2. The description of transpositions.

3. Features snrolving location of tawers.

Views and diagrams are used to describe the transposilions
and a table giving dala on the standard lowcrs for the 110-kv. and
220-ky. tranamission Lincs of the Pacific Gas and Blectric Company
is also included.

from point of support equal to the length. of the insu-
lator plus the sag inside of the tower, this length being
swung at the angle of maximum transverse deflection.
This investigation will, particularly for single-circuit
towers of the flat top tvpe practically establish the
shape of the transverse framing of the structure.

(b) Factors Affecting Strength of Tower:

1. Size and maximum stress of conductor.

The size of the wire on trunk transmission lines is
usually selected (o best suit electrical conditions. The
maximum stress in the wire can, however, be controlled
by the tension at which the wire is strung.

The usual practise in tower line construction is to
string the conductor so that it will be stressed nearly
to its elastic limit when under maximum loading. The
writer believes that following this practise blindly will
give neither the most economical nor the most satis-
factory transmission line. Investigations have been
made by our company to determine the conductor
stress which would result in the lowest cost for sup-
porting structures, consideration being given to both
the towers and their foundations. This investigation
showed that a maximum tension of 17,000 Ib. per sq.
inch for copper 250,000 cir. mil to 500,000 c¢ir. mil in
size resulted in the lowest cost of completed line. The
use of this tension instead of 27,000 lb. per sq. in
resulted in a saving of about 20 per cent in the cost of
towers and foundations. For the Pit River 220-kv.
line this represents a saving of nearly $1200 per mile.
In addition, this tension, which is only about 60 per
cent of the elastic limit of medium drawn copper,
greatly reduces the load on dead-end insulator strings,
consequently reduces the number of dead-end insulator
faillures, and therefore gives a more satisfactory line.

2. Standard Span.

The standard span is determined by economic con-
siderations and for steel towers on concrete foundations,
greatest economy will result with spans 800 to 1200
ft. in length.

3. Type of Tower.

(a) Double-Circuit vs. Single-Circuit. It is custom-
ary to consider more broken wiresfor double-circuit than
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for single-circuit towers. It is our practise to assume
three broken wires on standard double circuit towers,
all wires being on one side of the tower. This case will
usually occur when the top wire breaks and drops across
the two lower wires. Two wires are assumed broken
with standard single-circuit towers.

(b) Standard, Anchor and Dead-End Towers. Dead-
end towers are designed to resist all wires broken at
maximum stress in the conductor. This would occur
under the condition of heaviest loading and with dead-
end insulator strings.

For standard towers (designed for two or three wires
broken) and for anchor towers (designed for all wires
broken) no dead-end construction is permitted, the
insulator string being suspended vertically. In this case
when a wire breaks the insulator strings swing into the
catenary, increase its length and therefore greatly re-
duce the tension in the span adjacent to the break.
For our standard 110-kv. double-circuit lines the
resultant stress is 78 per cent and for the 220-kv.
double-circuit line, it is 66 per cent of the maximum
conductor stress.

All towers of the Pacific Gas and Electric Company
are tested to 50 per cent overload.

(¢) Transposition Structures.

’ ;
S ~_7:2‘%'-:.1‘¥--—---':'r-‘-3*'-‘.-1- oy

Fig. 1—110,000-VoLT TraNsrosiTiON TOWER

1. 110-Kv. Transmission Lines. Transpositions on
the 110-kv. lines are of the conventional ‘“‘Dead-end
and jumper” type, where the transposing is done on a
tower. Our standard 110-kv., double-circuit trans-
position tower is shown as Fig. 1. The only additions
to the standard tower are extensions to the upper and
lower arms.

DREYER: DESIAN OI' TRANSMISSION TOWISR
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2. 220-Kv. Transmission Lanes. 'Transpositions on
the 220-kv. Pit River line are of the “rolling type,”
that is, the wires are transposed without dead-ends or
jumpers.

The double-circuit transposition structure, as shown
in Fig. 2, consists of two standard line towers the cages
of which are connected by two latticed bridges. A

Fic. 2—220,000-Vort DounLE-CircuiT TrRaANSPOSITION TOWER

diagrammatic plan showing the transposition scheme
is shown on Fig. 3. It will be noted that the crossing
wire of each circuit is pulled out of the vertical plane
to an insulator suspended from the bridge, and that the
transposition is completed in two spans.

The single-circuit transposition, shown diagram-
matically on Fig. 4, requires three spans for completion.
This was done to bring the crossing points of the wires
on the towers rather than at the center of the span.
The intermediate towers are standard line towers with
an extension above them, and with a portion of the
cross-arm removed. In order to reduce the side deflec-
tion of the insulators to a minimum, the intermediate
towers are offset as shown on the plan. This results in
the wires crossing in straight lines, with the insulators
on the intermediate towers hanging vertically. Fig.
5 shows one of the completed transpositions; it will be
noted that there is no deflection of the insulators
except on the end towers, which is unavoidable.
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FEATURES INVOLVING LoCATION OF TOWERS
(@) Stagger or Offset of Towers on Twin Lines.

Where twin tower lines traverse country that is not
flat, it is impossible to set the structures directly oppo-
site each other. The amount of offset that will be

4

permitted should be based on maintaining a minimum
clearance between adjacent wires equal to the distance
between phases on the flat-top, single-circuit towers.
The horizontal projection of the catenary as deflected
by wind, furnishes the basis for the determination of
allowable stagger.
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(b) Ratio of Horizontal and Vertical Louds to Limit
Deflection of Insulator.

In designing the towers, clearances are investigated
under the assumption that the insulators are permitted
to swing transversely to the line at some angle (usually
between 30 deg. and 45 deg.) from the verticul. In
locating the towers in rough country it is necessary
to see that this maximum angle of deflection is not

Fig. 220,000-VorLt SiNngLE-Circuir TraxsrositioNn Tower

L

exceeded, for if it should be, clearances become im-
paired and there is danger of arcing from the line to
the tower.

A typical illustration of a doubtful location is one
where one tower is placed in a depression with the
adjacent towers on high ground. The horizontal wind
load on the intermediate tower is unaffected by the
profile, while the vertical load may be reduced almost

DESIGN OF TRANSMISSION TOWER
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to nothing. 1n this case the insulator would probubly
deflect toward the tower beyond the allowable angle,
and would create a situation which would ultimately
cause an interruption to service.  Where this situation
exists, there are three remedies available, one to
extend the tower in order to increase the armount of
vertical loading, and if this cannot hLe economically
done, to resort to either a tie-down or a dead-end

On the 220-kv. Pit River tower line it was considered
highly desirable to reduce the number of dead-end
strings, it being felt that these points offered the greatest
opportunity for trouble, which would mean cutting
out of service u line carrying in excess of 200,000 kilo-
watts. As tie-down strings were also considered
undesirable the only alternative to dead-ending was to
extend the tower to increase the vertical loading at
doubtful points. The additional cost of the extension
to the tower was always largely offset by the value of
the insulators saved (about $110 per dead-end string).
With the single-circuit towers of this line, the saving
in insulators alone would provide over two tons of steel
in the extension. At other points the elimination of
dead-ends permitted the use of the standard line
tower (Type SA) instead of the anchor tower (TypeSC)
with an actual saving of money.

As a result of this investigation, and by the liberal
use of tower extensions, the Pit River line, some 200
miles long, contains one tower which has dead-end
insulator strings to take care of the irregularity of the
profile. There are only 21 jpoints on the line where
dead-end strings are required, 2 of these being the
terminal points, 18 at horizontal angles and one because
of the profile of the ground.

DATA ON STANDARD TOWERS OF PACIFIC GAS AND ELECTRIC COMPANY

220-kv. Tower liines

Single-Circuit Towers

| 110-kyv. Tower Lines

1tem Double-Circuit Towers Single-Circuit Double-Circuit ‘I'owers
Towers
f Type SA | Type SC Type M Type 0-98 Type S Type AL Type BH Type CH

Height

Overall. .. ... .. ... . ... ...... \ 55 14’ 5543’ 97’ 98’ 19 437 83 83 R’

To Lower Cross-Arm ... ... ... | 511" 5137 62’ 63’ 18’ 58’ HE’ 58"
Width |

Atbase......... ... ... ... ... . 20’ x 20 20’ x 20’ 20° 20’ 14"x 149 147 16 20

Atcrossarm.................. 4’ x 20’ 4 x 20 | 6’ 6’ 2 x 14/ gl 415 i
Conductor Separation |

Between phases. ... ........ ... 19 19° I 15° 15 1345° 10° 10 10’

Between circuits. . ... ... ... 24 I 247 7Ll 17 4 17147
Conductor [ ! |

Max. size (copper). ... ... ....... 500,000 cm. | 500.000 cm. | 500,000 cm. | 500,000 cmn. 3-0 250,000 em. | 250,000 cim. 250,000 cm.

Loading. ... ................... 8 Ib. wind 8 Ih. wind 8 Ib. wind 8 Ih. wind 6 Ib. wind 8 Ih. wind 8 Ib. wind 8 Ib. wind

4" ice 13" ice no icoe no ice 15" snow no ice no ice no ice

No. broken. .. ...... ... ... ... 3 3 3 6 2 3 3 6
Span | |

NOMMAl ..ottt iianas 500 500 800 | 800 400 800 800 800

With angles. . .. ... ........ .. .. | L 1000 . 500 . 800 800

Max. on tangents. . ... .. ... ... 750 1500 1000 1800 400 1000 2000 2500

Max. contributing weight. 1500 | 2100 | 1050 | 1800 400 2000 2500 5600
Max Angle. . .......... ... ... ... Nonc | 224° None 221;° None None | 15¢ | 45°
Type of Conductor Support.........| Suspension D.E.or Susp. Susp. D.E.or Susp. D.E. or Susp. Susp. D. E.or Susp. D. E. or SBusp.
Weight of Tower .................. CHID b, | O 8440 1b. 12,950 b 1250 1b. 50801b. | 62001b. 7590 1b.
Foundations ' |

Concrete (cu. yds)............. 6.28 l 11.8 7.8 15.2 ‘ 11.2 6.72 8.72 12.9

Excavation (cu. yds)........... 18.1 60.4 I 255 81.5 32.5 I 224 | 31.2 14.4




Mountain Ranges
BY M. T. CRAWFORD

Fellow, A. I. E. E. )
Superintendent Distribution, Puget Sound Power and Light Company

Transmission Line Construction in Crossing

Review of the Subject.—In crossing mounlain ranges with
a recenl {ransmission line in the Pacific Northwest severe climatic
conditions were encountered. Snow lies from ten to thirly feet
deep, wind atlains high velocities and the temperalure ranges
between wide limils. A strongly butlt sleel tower line successfully
met these conditions. Al one point however, a somewhal unusual
formation of frozen fog was found to successively build up and drop
off of wires and towers producing stresses greater than it would have
been reasonable to design a line to withsiand, and as a result failures
occurred.

Condilions in the extreme loading area are outlined and the
assumption made that the most severe stresses were largely of an
intermitlent nature. The subsequent modifications in the con-

struction are discussed, which were designed to more efficiently
stress the materials under intermilient strains, providing an in-
creased flexibility by the substitution of suspension for strain forms
of wire support.

Where line construction fails from excessive dead loading a
stronger design throughout ts no doubt the proper remedy. If
however this loading is only excessive in one span at a time il may
be relieved by longitudinal flexibility. While not submitting the
principle of the elimination of strain forms as universally applicable
in transmission line construction, it is hoped that this paper will
elicit a discussion from authorilies on the subject that will define

its range of application.
* * * & *

MONG recent extensions of the Puget Sound

Power and Light Company is a 120-mile 110-kv.

transmission line from the White River gener-
ating station to Wenatchee. This line was built up
the Green River valley, over the Cascade Range
near Stampede Pass at about 4000 feet elevation,
down through the Yakima River valley and over the
Wenatchee Range at an elevation of nearly 6000 feet,
and down into the Columbia River valley to the
City of Wenatchee. The engineering features of

Fig. 1—Licnur Frost FormaTioN KArRLY IN THE WINTER ON
Tower No. 825

this line were worked out with admirable care and
skill, and the construction embodies exceptional
mechanical sturdiness throughout.

On account of the heavy snows and inaccessibility
of sections of the line over the two mountain ranges,
additional mechanical strength was provided where
the elevation exceeded 3000 feet. Type S. A. 55-foot
steel towers were used for line supports, 4/0 B. & S.
hard-drawn seven-strand copper cables for conductors,
With O. B. No. 25620 cap and pin-type insulators,
glx-unit strings in suspension and seven-unit strings
in strain.  Spans were normally from 400 to 700 feet,

Presented al the Pucific Coast Convention of the A. I. E. E.,
Del Monte, Cal., October 2-5, 1923.

with conductors pulled to a tension which would
stress the wire to its elastic limit of 4250 lb. at 0
deg. fahr., 8 Ib. wind pressure and one-half inch of
ice coating.
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Although the Wenatchee Range crossing was at a
higher elevation, the climatic and topographic con-
ditions over the Cascade Range were much more severe
from the standpoint of line operation. The summit
of this range marks a radical change in climatic condi-
tions, from the moderate temperatures and damp
winters of the Puget Sound area to the wider range in
temperature and dry climate of Eastern Washington.
In crossing the Cascade Range at Stampede Pass, it
was necessary to locate the line at a bare exposed

V|
b

Fic. 3—HEeavy FrozeN Foc ForyaTioN LATER IN WINTER,
Tower No. 523

point, where the summit was clearly defined. It was
found that at times during the fall and winter months
a heavy frost formation builds up on exposed surfaces
near this summit, due to the wind carrying moisture-
laden clouds of fog up from lower elevations, which
freezes as it strikes the cold surfaces, building out
rapidly toward the wind. Formations up to a maxi-
mum of about two feet in thickness in one direction
were observed. As soon as the weight of the frosty
mass becomes great enough it falls off and the building-
up process starts again. The weight was estimated

CRAWFORD: TRANSMISSION LINE CONSTRUCTION
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at from 5 to 10 Ib. per cubic foot. Observations were
taken from time to time during the first winter and
advice sought from officials of the Weather Bureau.
The indications were that the conditions bringing
about this formation are apt to recur a number of
times per year, but usually within a limited area,
as the contact with cold air soon turns the fog clouds
into snow. This formation has been found to occur

Fig. 4—HEeavy FrozenNn Foc ForyaTion LATER 1N WINTER,
Tower No. S26

along only about one mile of line near the summit, from
observations made so far. The photographs were
obtained after the atmosphere cleared and the formation
had dropped off of the wires.

One break occured in the line during the first winter,
which is considered too many for trunk line operation
by an organization that has high standards-of service.
A careful study was therefore made of all the factors

F1c. 5—CuvroseE-ur oF ForyaTiON ON TowER No. S26

involved in order to plan reinforcement work. As
shown in the photographs and profile, the south wire
was pulled in two in the second span east of the summit,
but no insulator strings failed on this wire, although the
wire slipped through the clamp at the next dead end
east of the break. The other two wires were not
broken, but three insulator strings pulled in two and
one clamp slipped at the dead end points adjoining.
It should be especially noted that there were several
suspension towers in between these failures, but no
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evidences of insulator damage or wire slipping were
found at suspension points. Two of the insulator
failures were of a character typical of the failure of
cap and pin-type insulators under extreme tension,
the porcelain parting well up under the cap with a
fracture at right angles to the tensile stress. The
third failure was in the lip of the cap casting. The
wire failure was tyvpical of a tensile break, six of the
strands being drawn out to a reduced diameter before
parting. The seventh strand had a brazed lap joint
at this point which was put in at the time of manu-
facture and apparently parted somewhat more easily
than the other strands. The efTect of this was probably

Fic. 6—LiNE Davage, Tower No. 826, LOOKING NORTHEAST
SEowiNG BrROKEN WIRE

to reduce the strength of the cable at this point a
few per cent, which accounts for the wire parting and
not the insulators on this conductor.

The towers were not damaged by the frost formation.
Later in the winter heavy snow falls packed down to
a d‘epth of eight to ten feet, very hard on top. The
spring melting underneath and the settling of this
packed crust damaged the tower members badly in
places near the ground and sheared off bolts. '

'The ultimate strength of this conductor is about
8900 Ib. and of some of the insulator disks probably
shght'ly less. Approximate computations indicate that
a quiescent dead load on the wires in these spans
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would not have equalled this ultimate strength with
the largest formation that evidence could be found of
adhering to the wires. This formation builds out
almost horizontally toward the wind from the con-

Sad

Fig. i—LiNeE Davace, Stvamit ANGLE, ToweEr No. 825,
LookixGg NorTH

Fig. S—LiNE Daxmage, TowER No. 822, LoOKING N ORTHWEST

ductor, forming in a narrow elliptical cross-section up to
abogt 3 by 8 inches before dropping off, weighing
possibly one and one-half to two pounds per lineal
foot. It is believed that the building up and falling
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off of the heavy frost formation on the conductors
resulted in intermittent strains and Jerks of a very
severe character near dead end points which exceeded
the strength of the wire, and that where the insulator
strings failed or clamps slipped at dead end points,
this tension was relieved thereby, but where the in-
sulators held rigidly the conductor was broken. It
should be noted that the damage along the two wires
that stayed up through the winter was such as to
virtually convert the construction to a suspension
form through the loaded area.

In the heavily timbered Puget Sound region it has
been found expedient to build some less important
lines with only a narrow swath cut through the timber,
the tall firs towering above the wires on ecach side.
Branches and sometimes entire trees will often be
blown across the line, producing a suddenly applied
extreme loading. Many years of experience with this
sort of trouble has shown that the most flexible types
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Fic. 9—LiNe Dayace, ToweRr No. 821, LookiNG NORTHWEST

of line construction are the least damaged. For
example, one 110-kv. line of this class is built on a
single wood pole line with light crossarms and suspen-
sion construction with few dead ends. Trees and
branches will often fall on the wires without breaking
them, although they may be carried to the ground.
The tension is relieved by pulling slack out of spans
some distance on each side, with possibly a few broken
crossarms. On lines where wires are rigidly held the
damage is much more severe.

Conclusions reached involved a redesign of certain
features of the construction through the exceptional
loading area, to provide:

1. A reduction in working tension on insulator
strings which will safeguard against failure, as well as
improve the electrical reliability.

2. A flexibility in wire supporting mechanism to
allow some longitudinal movement of wires at all
supports, which will permit the easing off of temporary
over stresses from one span into adjoining spans.
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3. Additional strength in tower members near the
base.

It is believed that the substitution of the suspension
form of support for all dead ends has taken care of the
first two requirements. The insulator string under
suspension conditions carries only the resultant of the

Fic. 10
Angle strain tower No. 825 at Summit, with one w ire changed to sus-
pension form of support and two yet to be changed.  Wire was hung in
free running sheaves for over a mile before placivg in clamps to insure
bhalanced stresses at supports.

respective wire stresses in each direction, and the
dead end loading is largely shifted from porcelain to
copper, reducing insulator tensions without increasing
the number of insulators on the line. The suspension
unit installed in places of former strain construction
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Fia. 11
Straight Strain Tower No. S22, with one wire changed to suspension
form and two yet to be changed.

was made up of two strings of insulators in parailel
with strain yokes at each end, which reduced the
tension duty in the porcelain by half. This yoked
double string unit was installed to hang approximately
in vertical suspension, and the wire so pulled as to
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give;normally,equal tensions on each side. At such
times as abnormal loads come on one side these sus-
pension units will swing out into the position of strain
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prevented by the installation of additional pieces of
heavier angle stock alongside existing members, with
the corner of the angle facing upwards to form a roof

o s wn “wo on =0 o= an
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Fra. 12—TraxsvissioN LineE CrossiNg CascapkE RANGE, NEAR STAMPEDE Pass
Showing details of damage by heavy frost formation.

units. The necessary spacing out was provided at
tower fastening and wire clamp to allow this with
proper clearances.

Computations indicate that a slight increase in the
length of arc resulting from this swinging out of sus-
pension units makes a very material increase in sag
and corresponding reduction in tension. Under ex-
tremely unbalanced conditions the conductor might
even sag down until it touched the snow in the center
of the span. This movement is restricted, however,
by the amount of sag that can be pulled out of the
several adjoining spans in each direction, and an
equilibrium is usually reached after a slight movement
which equalizes tensions. This action is very common
on lines of suspension construction with wet snow
alternately sticking and falling off of wire spans,
resulting in short circuits where vertical wire arrange-
ments are used.

In replacing strain forms with suspension forms on
long steep slopes where it is desired to have wire
stresses unequal on each side of towers, it would be
necessary to install additional tie down strings on the
up-hill side, offsetting the point of clamping the sus-
pension and tie down strings to wire several feet.
This provides for necessary clearances, and gives some
longitudinal flexibility. Had there been any sharp
line angles in this section, the ‘flexible construction
could have heen provided by installing additional
towers so as to make a round turn with short spans,
the suspension strings swinging out nearly horizontal.
This form of corner construction has been successfully
used on suspension insulator lines along county
roads and railroads where the right of way turns on a
wide radius. It involves the use of bracket supports
for inside insulator strings to obtain clearances.

The snow damage to tower leg members will be

effect and provide a cutting edge to break the snow.

If still more severe winters are encountered in the
future which this construction will not withstand,
a stronger conductor with more insulator strings
yoked in parallel and possibly additional towers may
be needed, but the principles of mechanical design are
submitted as obtaining the best balance in the stressing
of materials under such extreme loading conditions.

TESTING OF PORCELAIN INSULATORS

During the testing of porcelain insulators with a
“60-cycle flash-over apparatus,” gases are liberated
having an odor greatly resembling that of ozone. Since
the two main constituents of normal air are nitrogen
and oxygen, and high voltages (approximately 90,000
volts) are used during the tests, the conditions are
favorable for the production of ozone or oxides of
nitrogen, and perhaps both simultaneously.

In view of previous work which the Department of
the Interior, through the Bureau of Mines, has done
on oxides of nitrogen in connection with mine gases
and problems in gas analysis, tests were recently made
at the plant of an insulator manufacturing company
to determine the kind and amount of gases liberated.

It was found that the gases liberated during the test-
ing of insulators, using a 90,000 volt ‘“{lash-over”
60-cycle testing apparatus, are mainly ozone. Oxides
of nitrogen were not found in quantities greater than
(0.2 parts per million, the limit of accuracy of the
method used. The ozone concentration of the gas
samples taken directly above the racks during the tests
varied from 2 to 10 parts per million. From the
information available on the physiological eflects of
ozone, the amount found in these tests should cause
no serious symptoms or after-effects.




Mechanical Electrical Construction of Modern Power
Transmission Lines.—Insulators for
High-Voltage Lines

BY C. B. CARLSON

W. R. BATTEY
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and

Both of the Southern California Edison Co.

Review of the Subject.—The paper deals with the invesliga~
trons for economics followed by the design assumplions based on the
economical findings; the limitations required by clectrical clearances;
the testing of the structures; the design assumplions of the cable

allachments; the unusual requirements of loading for attaching cable
o struclures, the extensions required by nature of country traversed;
and the ereclion problems.

N handling the subject assigned, a complete des-
cription of the problems encountered in the design
of the 220-kv. transmission line from the Laguna

Bell Substation to Eagle Rock Substation of the South-
ern California Edison Co. will form the subject
matter for this discussion.

The design was started following a request from a
committee assigned to investigate the electrical features
of a line of this voltage. The questionnaire outlined
investigation on the use of the following five sizes of
conductors:

605,000 circular mill steel reinforced aluminum cable
1’000’000 « « « « «
1’500’000 « « « « «

Copper cables of equal conductivity to the last
two sizes.

There were several clearances to ground assigned for
investigation together with a strict adherence to the
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recently adopted order of the Railroad Commission
regulating high-voltage transmission lines.

The first preliminary study eliminated from con-
sideration the majority of the materials and limitations
and further study was requested on the use of the
following:

Cable—666,600-circular mill steel-reinforced alu-
minum, made up of 7 strands of extra high strength

Presented at the Pacific Coast Convention of the A. I. E. E.,
Del Monte, Cal., October 2-5, 1923.

steel and 54 strands of aluminum having the following
characteristics:

Diameter——1 inch

Ultimate tension—23,430 1b.

Elastic limit—16,180 1b.

Area—0.59 Square inches

Weight—0.86 1b. per lineal foot

Further, a single ground wire running over the top
of the towers, was desired to provide the grounding
for the line.

Having now fixed on the cable, a complete set of
assumptions was made on which to base an economical
study of height of tower and span.

The calculations showed that with present-day costs
and the assumed tensions that a span between 1150 and
1300 ft. would give the most economical line,
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Shortly before the need of ordering steel for the
supporting structures, the Southern California Edison
Co. needed a large quantity of steel for extending
the heigth of the towers of their present 150,000-volt
transmission line to meet the conditions of the new
legislation regarding ground clearances. It was found
that by considering the higher stresses permissible by
the use of high-elastic-limit steel as manufactured by
a Pacific Coast manufacturer that a saving could be
made, so the towers for the 220-kv. lines were designed
on the basis of this steel and other conditions of design
which were as follows: :

Stap Iron Shield Ring used
for Center String only

Arcing Horns used on
outside Strings only 3
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Wind on Line—8 Ib. per square foot on projected
area of wire
Footings—Earth with frustum of cone at 30 deg. for
uplift resistance. Bearing according to soil.
Full-sized tests were made at the steel company’s
testing frames as shown on accompanying photograph
marked “Full Size Tower Test.”” The resulfs of these
tests, with the exception of a few minor details of
connection, justified the design and were considered
representative of the conditions of actual loading in
the field under broken wire and maximum tension
conditions with the required factor of safety. An

LIST OF MATERIAL FOR ONE COMPLETELY ASSEMBLED
GROUND WIRE CLAMP FOR STANDARD TOWER
I:ve;" Ngg.&ll’gs Description Detail Drwg.No
5] 1 Ground Wire Clamp Cap 29-Dr 30074-110)
16 1 Do Do Base [30 Do
17] 4 Do Do Bevel Washer 32 Do
18] 4 $+ Sq. H. Bolts-2 hex. nuts & Lock Washer [17.Dr. 30074-132

Revision I

14

°9 Brackets

~8
13 Suspension Insulators with Pins
per Book Standards B0201

UST OF MATERIAL FOR ONE COMPLETELY ASSEMBLED
SUSPENSION INSULATOR STRING FOR STANDARD TOWER
ItNe:1 N;é;gs Description Detail Drwg.No
Inj 1 1 Suspension Shield Ring with Inset Bolls  1“1-Dr. 30114 109-111
I 2 1 Supporting Arm for Shield Ring # 2-Dr. 40001-347
I 3 2 Suspension Lugs * 1.Dr. 40001-347
nfa 1 1 § 147 Bolt- Hex. Nut & Washer “ 4-Dr. 40001347
5 1 Areing Horn " 6-Dr. 13015-215
) 1 ion Clamp Clevis < 38.0r. 30074-132
7 2 Suspension Clamp-Haif * 39-Dr. 30074-130
[] 1 Strap Insulator Shield Ring “15-Dr 24133428
] ] { Arcing Horn Brackets “ 2:Dr. 13015-215
10] 2 [gx1} Bolts with Hex. Nuts & Lock Washer
SUSPENSION INSULATOR STRING FOR STANDARD TOWER n 8 |#x 3} Car Boits- 1 hex. nut & Lock Washer| “ 20-Dr. 30074:132
1] 1 £ x0 3'Bolt Sq. Hd Hex. nut
Note:- Omit item No. 8, Strap Insulator Shield Ring, when mias] 1 Insulator Pin £l Stds. B0201
Arcing Horn Items No. 5-9-10 are to be used, 14} 13 Suspension Insul with Pins El. Stds. B0201
For each Standard Tower use item No. 8, Strap 1A 1 14 F1. length of .05 x .3 Alum. Armor Wire
Shiefd Ring for Center Insulator String and Arcing 11f 148 5. 1" ]
Horns Items No. 5:9-10 for Outside Insulator Strings 2 g 117 Bolls Hex nuts 3Dr. 40001347

Span 1250 ft.
Tension in cable—12,000 lb. under maximum con-
ditions
Electrical clearance to tower members—6 ft. under
wind conditions
Insulators
Suspension—13—10-inch disks.
Dead-end double-string with 15 insulators
in each
Shields—Aluminum castings supported on end of
insulator strings and surrounding the bottom
insulator.
Temperature range—10 deg. fahr.
Clearance to ground at minimum point—30 ft. at
120 deg. fahr.
Wind on Tower—10 lb. per square foot on 115
area of one face

17 Bevel Washer

GROUND WIRE CLAMP FOR STANDARD TOWER

illustration of the standard tower is included herewith
showing the framing systems.

Extensions were also then designed to meet conditions
of country through which the line had to pass. These
extensions were made vertical from the same footing
spreads as the tower itself, thereby making the setting
of stubs wuniform throughout. Sidehill extensions
both parallel and normal to the line were made, as
considerable of the line traverses a mountainous
country. Special footing extensions were made to
take care of side slopes where sufficient resistance-to-
uplift was not obtainable.

The committee having the features of the design
of this line in hand required a factor of safety of 3 in
the strength of the attachments of the cable to the
towers. Due to limitations of clearances this required
the hardware to be made of cast steel. The entire
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—d | 2 1" D12 Pin duilicd for 2 Cotters Macn. Stee!  ['Mo. 1T Dr. 30074-132
“f] [ e o0 1o e Mz oo
Bl 1|1 Do 2 | Do N3 Do
ASSEMBLY OF DEAD END INSULATOR STRING FOR ANGLE & ANCHOR TOWER M| 4 i Do Do 2 Do No 14 Do
150 4 |35 34 Carnage Botts - Hes Nut 2 Cot Washer | No 5 Dr 30114-110
= 16 2 | Supporting Arm for Double Sting Sn.eld Rirg R O 30074-157
LIST OF MATERIAL 3 7 o2 Do Do Do 2 Do
FDR ONE COMPLETELY ASSEMBLED GROUND WIRE CLAMP d KT Lapy Insulator Pins® 2098 Dr. 40001-L 167
e No. Py " 191 10 1§ 25Carmage Bolls 1 Hex vut & Lock Washer | No 19 0r. 30074132
o Re‘q‘d. ) Description Detail Dmg.No_ on 3 1 2 - ied s lds Al
3| 3 0ia.Pin - Mach. Steel No.15 Dr. 30074-132 20| 8 [}.37ComageBolts | Hes. Nut & Lock Wastier | No 21 Or 30074-13)
2 Do Do No. 16 Do 2| 1 Core Clamp-Right hand hatf C.§ No 3§ Dr 30074-13]
H | 8 i camageBols 1 Hex. Nut- | Lock Washer | No. 23 Bo 23] ] 0 L Do Do Mo 35
13503 | 451 Biass Cotter uns {No. 5 e al { Mo 24 01 30074-132
36J 1 |  Ground Wite Half Clamp R H No. 27 Dr. 30074-110 %) 2 £ 12 Cotter Pins Br | ho 2 Do
AN Do Do Do 1m No.28 Do | %] 2 14 Do Wo In- 2%
811 Do Do Clamp Clevis o 3 % 21| 10 |34l CamageBoits 1 Her Nut & Lock Washer] No 23 Do
28 2 Splice Plates for D £ Clamp ;' Ko 0o
2 l 2 |(Halves) jumper Loop Sphice Alum Casting | tto 37
0] 3 Lapp 1 , Dr. 400011 187
3t 1__[20Fr. length of 0.05 x 0.3 Alum Arm Wire _J

requirements for hardware were designed and tested
for loads three times the maximum tension.

A complete assembly of both the suspension and
dead end strings is shown on plates marked “Assembly
of Insulator String for Anchor Tower’” and “Assembly
of InsulatorsforStandard Tower.” Itistobenoted that
to develop, on a factor of 3, the tension in the insu-
lators that a special type of high-strength disks and
pin connections was necessary.

The towers, except those in rather inaccessible places,
which were assembled piece by piece, were erected by
assembling the tower on the ground in two parts
dividing the face normal to the line and bolting with
loose bolts each leg to the footing studs. Then by
means of two gin poles set aside the footings and a
winch set on a truck and operated by its motor, the
two halves were raised and connection made at the
center gusset plates. The bridge of the tower was then
hoisted in place.

The line stringing was also done by the use of the
motor-operated winch and brought to tension by use
of the sag method.

The unusual features in transmission line design
such as the stringing tension, the spans, and the high
voltages, made many difficult problems, but as the
line 1s just now in process of erection, the complete
justification for the assumptions cannot be completely
told.

ELECTROLYSIS SURVEY AT
GALVESTON, TEXAS

The final report of the Bureau of Standards covering
1ts investigation of electrolysis conditions in Galveston
has been completed and copies submitted to the utilities
concerned. A somewhat unusual condition was found
to exist in this city, although it is not unlike some other
places located on low sandy ground close to the sea.
A considerable part of the area of Galveston has been
filled in with sand dredged from the Gulf, and conse-
quently, the resistivity of the soil is extremely low,
ranging around 100 ohms per cu. ¢m. as compared with
average figures of several thousand ohms commonly
found in interior cities. Because of this extremely
low soil resistance, some of the methods found effective
in mitigating electrolysis in other cities were not
adapted to conditions in Galveston. Some Improve-
ments in track conditions were carried out and further
improvements recommended as a result of these tests.

Supplementary to this improvement in track condi-
tions, the investigation showed that a properly designed
and restricted pipe drainage system offered the best
means of taking care of electrolysis conditions in
Galveston. A pipe drainage system was already in
existence, but it was found to be improperly installed
and for this reason in many locations the drainage
system Iitself was a source of danger to the pipes.




Group Operation of Systems Having Different

Frequencies
BY E. R. STAUFFACHER and H. J. BRIGGS

Associate A. 1. E

£. E.
Both of the Southern California Edison Cn.

Review of the Subject.—The group operation of high-tension
transmission syslems having different frequencies has been success-
fully accomplished in Southern California during the past seven
years. Some of the oulstanding advanlages of power inlerchange
are emphasized and the value of the frequency changer for this
purpose is shown.

The metering of the interchanged power and the method of loading

ROUP operation of systems having different
frequencies each of which is composed of a
network of high-tension transmission lines has
been successfully accomplished during the past seven
years in Southern California. Frequency changers
for this purpose have proved to be a reliable and rugged
piece of equipment and have shown their value not
only as a means of interchange of power, but also as
a means of power factor correction when necessary.
The position of the Southern California Edison
Company is unique in that it is, with one exception,
entirely surrounded with systems operating at a
different frequency. The above company interchanges
power with the San Joaquin Light and Power Company
(60 cycles) on the north; the Southern Sierras Power
Company (60 cycles) on the east; and the San Diego
Consolidated Gas and Electric Company (60 cycles)
on the south. In addition to this there is an inter-
change of power hetween the systems of the City of
Los Angeles and the Southern California Edison
Company, hut without the necessity of frequency
changers as both systems operate at fifty cycles.
To be more specific concerning the location and size
of the various frequency changes, these data are given in
the tahle “A’.

The advantages of interchange of power hetween
adjacent systems need not be gone into detail here.
It is sufficient to summarize them as: (a) A means
of disposing of large blocks of hydroelectric energy dur-
ing off-peak hours which otherwise might he wasted;
(b) a means of obhtaining hydroelectric power and thus
overcoming the necessity of generating power by means
of the more expensive steam plants, with the further
advantage that the steam plants can be held in reserve
for emergencies; (¢) when the hydroelectric systems
concerned cover a wide area, as is the case in Southern
California, a deficiency of snow-fall or of rain-fall, in one
section 18 not serious when power can be obtained from
a system where the power is obtained from a widely sep-
arated watershed; (d) three or more systems can attain
greater operating economies when, by means of fre-

Presented al the Pacific Coast Convention of the A. 1. B. .,
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a frequency-changer offer somewhat unusual problems. Wilh a
liberal field design a synchronous frequency changer s of value as
a means of power factor correclion.

Certain troubles with the starting winding ond the bearings of

some of the machines have developed as o resull of severe operaltng

conditions but the frequency-changer has proved lo be a reliable and
satisfactory means of interchange of power belween lurge systems.

quency changers and intermediate transmission net-
works, one system not directly connected with another
can obtain power through the lines of the intermediate
system; (e) a ready means of exchanging power in
case of a breakdown of a major generating plant of

‘any of the systems so inter-connected.

To give an idea of the value of group operation of
a number of systems through frequency changers,
table “B” has been prepared showing the amount
of power interchanged during the past year.

FreEQuENcY CHANGER AT CAPISTHANO SUBSTATION
5,000 kv-a., 50-60 cycles.

From a study of this table the flexibility of frequency
changers as a means of interchanging power is well
shown. In addition to delivering power from one
company to another, the equipment can obviously
be utilized as a means of delivering power to a third
company.

It may be ol interest to outline the method of
metering when power is to be transmitted in either
direction through a frequency changer. The scheme
generally used is to have both sides of the machine
equipped with a polyphase curve drawing wattmeter
and two polyphase integrating watthour meters.
Each of the integrating instruments is equipped with
a ratchet mechanism so arranged that one instrument
will meter energy only when power i1s Aowing towards
the frequency changer while the other will register
only when power is flowing from the machine. By
this combination the power delivered to either company
is accurately recorded and the losses in the frequency
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TABLE A
Oonvection Hetween | Slze of Unlt ! Voltage [ Location of Unit

Southern Oalifornia Edison ( ‘ompany (50 cycles) I
and
Southern Sierras Power ¢ ompany (80 cycles) }

Southern Catifornia Edison Company (50 cycles) '
and
Southern Sierras Power Company (60 cycles) I

Southern California Kdison Company (50 cycles)

San Diego Consolidated Gas & Electric Company
(60 cycles)

Southern California Edison Company (50 cycles)
and
San Joaquin Light and Power Company {60 cycles)

TABLE B
POWER INTERCHANGE (KW-HR.) THROUGH FREQUENCY
CHANGERS
Purchased and Delivered |
by Company B’ to Delivered by | Purchased by

Company “A" Company l Company

——— “C'" to , “D" from
Substation Substation Company Company

Month No. 1 No. 2 AT | “AY

January........ 100 1,850 0o* 571,300
February....... (1] (1] 4,492,800 1,070,700
March........ .. (1] 127,15071 604,800 1,799,850
April........... 1] (1] 99,000 3,184,300
May........... 8,150 I 1,350%* 1] 2,798,200
Junexas: & mowza® b 1,750%* 1] 41,400 2,767,200
July........... 342,500% 1,462,850 19,800 1,957,500
August....... .. 24,700% 211,050% 5,079,600 I 2,192,900
September. . .. .. 19,750 7,619,400 1,910,700
October. ... .... 450 8,499,100 1,749,300
November. ... .. 300 6,080,400 | 1,558,700
December. .. ... 120,050 137,550 5,337,000 I 1,400,800

*Purchased by Company “A’ .

tReceived for transfer to Company “D".

tPart received for transfer to Company D" and part utilized by Com-
pany “A".

changer throughout the month are definitely deter-
mined. The losses in the machine can, of course,
be borne by either of the parties according to the
terms of the contract, but the method usually followed
Is to bill the receiving company for one-half of the
losses. Since the installation of the original frequency
changer set in Southern California this method of
metering has been used with satisfaction to all parties
concerned.

The method of loading up a frequency changer has ap-
parently not alwaysbeen thoroughly understood. There
has been some question as to whether the operator at the
substation where the machine is located had control
over loading, whether either of the systems concerned
had to lower or raise their system voltage or if any
adjustment in the frequency was necessary. After
a frequency changer is in operation and synchronized
with both systems and it is desired to load up the
machine the system which is to supply the energy
calls on its governing plant to pick up load. This
plant opens the nozzles or wicket gates of the generator
which is governing or “taking the swings” as it is
termed, and in doing so the generator attempts to

5,000 kw.—0.8 P. IF.

5000 kw.—0 .8 . I,

5.000 kw—0.8 P. F.

15,000 kw.—0 .8 P. IV,

| Bouthern Californla’s Tdison
i Company's Colton Substation

11,000 volts (50 cycles)
6,600 volts (60 cyclos)
[ Bouthern Slorras Power Com-

pany's San Bernardino Steam
| Plant

| 11,000 volts (50 cycles)
6,600 volts (60 cycles)
11,000 volts (50 cycles) I‘ Southern  California  Edison

| Company's Caplstrano Sub-
‘ 6,600 volts (60 cycles) | station

Southern California  Kdison
| Company's Vestal Substation

| 15,000 volts (50 cycles)

18,000 volts (60 cycles)

speed up the system to which it is connected and in
doing so it picks up more load. The frequency changer
in turn tends to speed up and in so doing it picks up
load from the receiving system, or in other words,
delivers power from the system which contained the
governing plant. Due to the increase in current
at the generating plant and at the frequency changer
substation some slight adjustment of the voltage is
necessary either by manual or by automatic means
but this is a comparatively minor operation in picking
up load.

The motor end of a frequency changer can, in
addition to driving the generator end, be utilized for
power factor correction. The adaptability of a syn-
chronous motor for this purpose is weil known, which
feature is quite valuable on systems having a larger
induction motor load and a network of comparatively
long high-tension transmission lines. If it is con-
templated using either end of a frequency changer
set for power factor correction, care should be taken to
specify a liberal design of the field winding. There
have been a number of instances wherz the usefulness
of a frequency changer for power factor correction has
been limited because the field winding was not designed
for a great amount of over-excitation.

Some of the major considerations to be made when
the installation of a frequency changer is contemplated
are:

(a) What will be its size in relation to the generating
capacities of the two systems concerned, and will the
set be required to furnish energy in either direction?

(b) What will be its location in regard to the
principal generating plants of both systems?

(c) Voltage and frequency of each system?

(d) Rating of each unit? The specification for
one of the frequency changers listed elsewhere in this
paper calls for the following:

“Each unit will have a maximum continuous capacity
when operating as a generator of 5000 kw., 0.8 power
factor or 6250 kv-a. with a 50 per cent maximum
momentary overload. When operating as a syn-
chronous motor, each unit will be required to operate
at 0.8 power factor leading, corresponding output
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of the set being 5000 kw., 0.8 power factor. The
temperature rise corresponding to the above conditions
shall not exceed 50 degrees centigrade on either unit.”

(e) Method of excitation, whether provided with
individual exciters direct-connected, or if excitation
will be provided from a motor-generator set or both,
and whether an automatic voltage regulator such as a
Tirrill is to be provided.

(f) Efficiency. If the set is to be operated con-

FrEQUENCY CHANGER AT VESTAL SUBSTATION
15,000 kv-a., 15,000 volts, 50-60 cycles.

tinuously, the losses should be capitalized. For this
reason the efficiency of the set for 14, 14, 34 and full
loads should be specified, both for unity and some
certain power factor leading for the motor and for
unity and some lagging for the generator.

(g) Starfing Dence. Shall the set be capable of
starting from either end and how will the starting be
accomplished?

The experience of the Southern California Edison
Company with frequency changers has been quite
satisfactory during its seven years experience with
such apparatus. There have been minor troubles,
however, the chief of which have centered around
the starting bars on the squirrel-cage winding and
with the hearings.

After the first 5000-kv-a. machine had been in op-
eration for ahout four years under conditions of rather
severe service, it was necessary to take the machine
out of service for approximately one month for the
purpose of straightening the shaft. There has also
heen trouble with the motor hars coming loose. The
original hars were replaced with bars of Monel metal.
This change resulted in a different performance of
the frequency changer on starting, in that the starting
torque was much greater and the starting current
was less, hut there was more difficulty in falling into
step than had been the case with the original bars.

It has also been an open question whether the trouble
with the starting bars and the end rings of the frequency
changer was due to the fault of the manufacturer
or the result of the treatment of the machine. It
must be realized that the excessive number of times
of starting and stopping such a sel as this will entail
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heavy duty on the squirrel-cage winding with the con-
stant result of heating and expansion which will cause
trouble later.

The largest machine on the system of the Southern
California Edison Company (15,000 kv-a.) is a four-
bearing machine and is equipped to use oil pressure
in the bearings at the time of starting. Originally
this machine was lined up so nicely that after the oil
pressure had been applied it was possible for one man
to move the rotor by applying his weight. There
has been some trouble with the bearings, however,
due to the fact that the conduits used for the bearing
thermostat wiring accidentally short-circuited the
insulating pad in the end bearings. After the bearing
trouble occurred the conduit was removed and examined
and evidence was found of considerable current flowing.
This current flow was the result of accidentally short-
circuiting the insulating pad which completed the
circuit for the flow of circulating currents in the
frame and shaft of the machine. The conduit was
pitted and practically welded to the frame and base
of the machine. There was evidence of pitting in
the bearing and without doubt the circulating current
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was the cause of the bearing failure. Needless to say
precaution has been used to eliminate the recurrence
of such trouble by the same cause.

In regard to the protection of the frequency changer,
time limit overload relays have been used on both ends
s0 that in case of trouble on either system the frequency
changer is disconnected on the side of the system in
trouble. Power directional relays can be used to good
advantage for this purpose. In addition to this it is
necessary to provide some means of protection against
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internal trouble of the frequency changer and this has
been provided for at Vestal by means of two sets of
power directional relays so wired that their contacts
are closed when power is going towards the frequency
changer. In addition to this the contacts on each
set of relays are wired in series, so arranged that the
Lripping eircuit will kick out the switches on hoth
sides of the frequency champer. Under these condi-
tions it can be seen that power will flow towards the
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frequency changer from both sides in case of a severe
ground developing in the machine, and it is hoped
that by this means to keep the damage Lo the machine
windings and laminations down to a minimum

In conclusion it may be stuted that the frequency
changer has proved to be a very satisfactory means of
interchange of power, and that it should cause no
trouble provided it is of the proper size in relation
to the two systems which it connects.

Recent Hydroelm'triv Den clopments of Southern

California Edison Compan\
BY H. L. DOOLITTLIS

Soutnern California Edison Co., Los Angeles, Calif

by the Southern California Edison Company

in the last two years are Kern River No. 3,
Big Creek No. 8, additional high-head impulse units in
Big Creek plants Nos. 1 and 2, and the new Big Creek
No. 3 plant which wili be placed in operation the latter
part of this summer. This paper will review some of
the outstanding features of interest that have been
Incorporated in this work.

THE KERN RIVER No. 3 PLANT

In this plant are installed two 22,500-horse power
vertical turbines operating under head of 800 feet.
To date these are the highest head reaction turbines
that have been constructed, although a contract is
now under way for another company for similar
units to operate under total head of 850 feet. A
recent inspection of the Kern River No. 3 runners
showed them to be in good condition after nearly two
years of operation.

One novel feature of these units is that they were
designed to operate at a frequency of either 50 or
60 cycles, this being due to the fact that the load to be
supplied by this plant is in 60-cycle territory part of
the year and in 50-cycle territory for the remainder.
Every precaution was taken to make the changing
of runners as easy as possible and a design was finally
adopted which accomplished this result very satis-
factorily. Acceptance tests of the equipment show
that an efficiency of 90 per cent was obtained and that
the 50-cycle runner gave practically the same efficiency
when operating at either normal speed of 500 rev. per
min. or the 60-cycle speed of 600 rev. per min. There
was, however, a somewhat lower maximum output
when operating at the higher speed. The 60-cycle
runner showed the same efficiency at normal speed but
was considerably less efficient at the 50-cycle speed.

While the good condition of the runners after this
long period of operation is mainly due to proper
design it is also partly due to the absence of sand

VPHE important water power plants constructed

To be presented at the Pacific Coast Convention of the A. 1. E. E.,
Del Monte, Cal., October 2-5, 1923.

and silt in the water. Realizing that sediment of any
kind would be very undesirable with these high head
turbines an elaborate sand box was constructed for
precipitating all foreign matter from the water. This
sand box is 80 feet wide and about 500 feet long,
reducing the velocity to about one-half foot per second.
After several months of operation the sand box was
inspected and it was found that about six inches of
fine silt had been precipitated in the lower half of the
box. This silt was so fine that forty-five per cent
of it would pass a 150-mesh secreen.

Bia CREEK No. 3 POWER PLANT

The Big Creek No. 3 power plant which is now
under construction will consist at present of three
35,000-horse power turbines operating under a head
of 740 feet. There is nothing unusual ahout the design
of the main units, although several special features
have been worked into other parts of the plant.

At the intake to the tunnel for this plant a cyiin-
drical gate 22 feet in diameter and 90 feet high has been
installed for shutting off the water to the tunnel line.
This gate is motor-operated and is installed in a concrete
tower located two or three hundred feet up stream
from the dam.

A surge chamber is being constructed at the lower
end of the tunnel. This surge chamber is excavated
from solid roek and has an hour glass section, the
bottom diameter being 60 feet, the central shaft
25 feet and the top diameter 75 feet. This hour
glass section was adopted on account of the wide
variation in water level at the intake under normal
operating conditions. The large section at the bottom
provides for a load suddeniy applied and the large
section at the top will take care of any surge created
by loads rejected.

Connecting to the outlet of the tunnel is an 18-foot
steel pipe which terminates in a manifold providing
connections for six 7-foot, 6-inch diameter penstocks.
The design of this manifold, which will operate under
a total head of approximately two hundred feet,
offered many difficulties. After much study a design
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was finally developed which consists of two plate
steel spheres joined by a short section of pipe. To
one of these sphercs the 18-foot pipe and two of the
penstocks connect, the other sphere providing connec-
tions for four penstocks. The adoption of this type of
manifold permits taking care of the excessive stresses
in a very simple manner and has successfully solved
a rather difficult problem.

Several novel features have been incorporated in
the penstocks for this power plant. The entire pipe
lines will be of forge welded steel. As the pipes are
to be installed above ground, expansion joints are used
between anchors. These expansion joints are made
so that the portion of the pipe on which the packing
bears is copper-plated to a thickness of about 1/16
of an inch. This will provide a perfectly smooth and
non-rusting surface for the packing and it is expected
that all future trouble due to leakage will be eliminated.
In a pipe line of this sort the friction on the supporting
piers make necessary extremely heavy anchors at the
bends. In order to reduce the size of the anchors
to relieve the pipe of excessive longitudinal stress
and also to facilitate erection, these pipes will be
installed on cast iron rockers. Tests have shown that
the friction wili be reduced so greatly that a very
large saving can be made in the cost of anchors and
supporting piers. These rockers will be installed
every 40 feet instead of every 20 feet as has been the
custom heretofore with ordinary concrete piers.

In the power plant one of the important improve-
ments that has been adopted is the eiimination of an
exterior lubricating oil system consisting of filters,
supply tanks, pumps, piping, etc. It is felt that much
more reliable operation will be obtained by sim-
plifying the lubricating oil system to the greatest
extent. The bearing on the water wheel and the
generator bearings will be provided with gear-driven
oll pumps which will pump the lubricating oil from a
small sump below the bearings to the top of the bear-
ings and thus keep it circulating continuously.
Motor-driven pumps will also be installed, arranged to
be started automatically in case the gear-driven
pumps should cease to operate.

In the general arrangement of the station it is felt
that a great improvement has been made, from an
operating standpoint, by the elimination of the base-
ment. The main floor of the generator room will be
on two levels; about half of the generator room will
have a floor on a level with the generator base and the
other half will be on a level with the turbine. This
will permit the maximum amount of equipment to
be in view of the operators at all times.

VENTURI METERS

It is now this company’s practise to install Venturi
meters in all new hydraulic plants. The Kern River
No. 38 plant was equipped with Venturi meters at the
time the plant was constructed. Venturi meters
will be installed on the three units for the Big Creek
No. 3 plant and similar meters have already been

DOOLITTLE: RECENT HYDROELECTRIC DEVELOPMENTS

1133

purchased for the six units in the Big Creek No. 1
and Big Creek No. 2 power plants. The importance
and value of a reliable meter for measuring the water
supplied to a water wheel has been proved in many
ways. At Kern River No. 3 the Venturi meters are
constantly used by the operators in their effort to
obtain the maximum kilowatt hours output from the
water available. Some recent tests on one of the
Big Creek impulse units showed that the difference
in output between a new and a somewhat worn nozzle
was in the neighborhood of $1,000.00 per month.
As this amount is several times the cost of installing
new nozzles it emphasizes the value of having a con-
tinuous check on the efficiency of the wheels.

DRAFT TUBES

The Kern River No. 3 turbines are equipped with the
regular quarter bend draft tube. The turbine in the
Big Creek No. 8 plant has a spreading type of draft
tube while the new turbines for the Big Creek No. 3
plant will have a modified spreading type of tube
which is supposed to embody the advantages of the
regular spreading type of tube but is somewhat simpler
to construct. As far as our experience goes we have
been able to notice very little difference in the operation
between any of the types of draft tubes that we have.
This is undoubtedly due to the fact that all our turbines
operate at very high heads so that any increase in
efficiency due to the more modern tube is difficult
to detect.

IMPULSE WHEELS

The impulse wheels installed by the company in the
last two years do not embody any novel features,
being duplicates of others that have been in operation
for many years. We do have under way, however, a
preliminary study of a new plant that will operate
under a total head of 2400 feet. At the present time
preliminary plans are being worked out for double
over-hung impulse units for this plant which will have
a capacity of 75,000 horse power per unit. These
wheels will undoubtedly be the largest impulse units
ever constructed from the standpoint of total output
but on account of the high head will probably not be
any larger in physical dimensions than the wheels
in the Caribou plant of the Great Western Power
Company. The chief difficulties to be overcome in
the design of a unit of this size are the penstock and the
water wheel and generator bearings.

RUBBER SEAL RINGS

For several months we have had in operation a
small hydraulic turbine equipped with rubber seal rings.
These rings have not been in operation long enough to
definitely determine their practicability but it appears
that when this type of ring has been fully developed it
will have great possibilities. Arrangements are being
made to try out these rubber rings on one of the turbines
in the Kern River No. 3 plant. This trial will give
some valuable information as it will be the first time
this type of ring has been installed on a unit of this size.




Upper Falls Development of The Washington Water
Power Company in Spokane, Wash.

Y L.

J. POSPISIL

Associnte, A, I. E. R.
Waushington Water Power Co., Spokane, Wash.

Review of the Subject. This describes a late hydroclectric
development in the center of a city having a single vertical shafl
generalor and delivering ils outpul lo the busses of an existing
distribution substation 860 St distant, the excitation and load
control of the new generator being from the substation. The prin-
cipal features of the deve lopment are the auxiliary devices lo assure
reliable operation of a remolely controlled unit and provision Jor an
aulomatic shutdown of the unit in case of major trouble; also the

BEFORE the main features of the development that
forms the subject of this paper are described,

some mention should first be made of the
prior developments to which the Upper Falls is an
important addition.

The four earlier developments of The Washington
Water Power Company 'totaling 125,000 h. p- as well as
the one described, are all located on the Spokane River
and utilize succesively the same water with only a
small additional inflow between plants.

Spokane River has its source in Lake Coeur d’Alene,
a body of water some 42 square miles in area, where a
storage and draw down of 515 feet is possible. A few
miles below the outlet of this lake is the Post Falls
station which utilizes a head of 50 to 55 feet. At this
station, the second one constructed by the company,
are located the flood gates by which the lake level,
except at times of flood, is controlled.

At Spokane, the next station downstream from
Post Falls, there is a rare situation where a city of
considerable size has been built up around a series of
falls. Here the initial hydroelectric power develop-
ments, utilizing about 53 per cent. of the total available
head within the city, were begun in the very early
days of the electrical industry and completed in 1904.
This development, known as Monroe Street station
makes use of the lower 73 ft. of the available head.
The development of the upper head of 64 feet is the
subject of this article.

The other two power plants of the company are at
Long Lake, utilizing a head of 172 feet, and at Little
Falls, which is immediately below Long Lake, where
the head is 73 feet.

In addition, Spokane River water operates a part of
the pumping equipment of the city of Spokane and
the hydroelectric station of the Spokane & Eastern
Ry. & Power Company located between Spokane and
Long Lake. Unregulated flow of the Spokane River
varies from a minimum of about 1200 cu. ft. per second
occurring usually in October to a maximum so far

Presented at the Pacific Coast Convention of the A. I. E. E.,
Del Monte, Cal., October 2-6, 1923.

automalic by-passing of a large portion of the waler used by the
wheel of the load s greatly reduced or dumped.  Other Seatures are
« 20-f1. didmncter revnforcell concrele penstock, a Moody spreading
draft tube and «a large conerete volule castng, resnforced against
T1O-ft. head; also 6O fl. by 15 fl. gales remolely operated, the
operalor having before him devices indicaling gate travel and eleva-
lion of water level being controlled.

recorded of approximately 50,000 cu. ft. per sec. The
mean low-water flow is about 1400 cu. ft. per sec.

Lake Coeur d’Alene in turn is supplied from mountain
streams having their sources up to 6000 ft. in elevation.
Precipitation is mostly in the form of snow and the
annual flood, which reaches its peak between May 10th
and June 5th is the result of melting snow and is usually
over by the 15th of July. There is usvally very little
precipitation in the drainage basin between July 10
and September 15th and the inflow into Lake Coeur
d’Alene from July 15th until the fall rains arrive is the
yield from ground storage.

The Spokane plants have practically no storage in
their forebays but there is most excellent storage in
the forebay of the Long Lake station. Long Lake
serves as storage also for Little Falls, which is hy-
draulically in series, and has power units of the same
water capacity as the turbines at Long Lake.

After the passing of the summer flood the gates at
Post Falls, which control the level of Lake Coeur
d’Alene, are closed and a practically uniform load is
carried by the units in this station. Because of lack
of storage in Spokane the uniform flow released from the
lake passes through unchanged to the forebay of the
Long Lake station. This station and the one imme-
diately below it take care of the daily variation in the
load carried by the system.

Among the early installations at the Monroe Street
station for lighting and power was the so called Edison
3-wire d-c. system to supply the principal business
district, and 600-volt., d-c. current for street railway
service, the generators being driven by direct-con-
nected water wheels. These have been added to as
the demand grew and since 1904 about 4300 kw. of
direct-current energy has been produced at this station
by water-driven machinery.

A dependable supply of direct-current energy for
the Edison system and street railways having thus
been in part assured by its production near the center
of load, there still remained the problem of a dependable
source of a-c. energy for power outside the economic
limits of the Edison system and for residential lighting.
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Up to the time of the complete Upper Falls develop-
ment this a-c. energy was mainly supplied from outside
plants by transmission lines which for the most part
center in Post Street substation where there are also
located the step-down transformers, additional motor-

POSPISIL: A LATE HYDROELECTRIC DEVELOPMENT 1135

it was agreed at once that the next development should
be made in Spokane where all necessary water rights
had been acquired many years previously and where
is also located the principal loads on the company’s
system. Some physical features of the situation may
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generat.ors, lighting and power feeders, and feeders of
the series street lights. To assure for these classes of
services a dependable supply of a-c. energy its genera-
tion close to the point of feed was needed.

When in 1920 it became apparent that an additional
supply of power would be required in the near future

be gathered from themap of Fig.1, on which the location
of Monroe Street station, Post Street substation and the
company’s office building are also shown. A profile,
taken along the main and middle channel of the river,

giving some idea of the elevations that exist here, is
shown in Fig. 2.
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Originally the south channel rejoined the mainstream
at the junction of the middle and north channels hut
this was dammed in the early history of the city and
the water utilized to furnish the drive for a sawmill.
This water-driven equipment remained in operation
up to the time of the Upper Falls development. The
water level in the end of the south channel is the same
as at the branch of the main stream below Division
Street. The shortest distance between the upper and
lower water levels is from the end of this channel to
the main stream at Monroe Street.

Making the development of the total head in one
step was naturally considered first but this required a
rather large tunnel of considerable length passing under
Important structures of other ownerships. Lack of
room needed for the new station would have further
required immediate abandonment of the Monroe
Street station whose equipment, though somewhat
obsolete and of low efficiency, still produces energy
that can be provided otherwise only by large additional
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Lap 6'-0" at each splice i except as noted 481 0m—»
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4. Supply of excitation current and complete control
of unit from a distribution station located 850 feet
away.

5. Control works designed to pass a flood of 60,000
cu. ft. per sec. and partly under control of the system
operator.

PENSTOCK

It was desired to pass a flow of 2200 cu. ft. per second
and the conditions which influenced the selection of
reinforced concrete were as follows:

The penstock was to connect a concrete headgate
dam to a concrete volute casing in the power house.

It had to be constructed in an excavated rock cut,
Increasing in depth from a few feet at the headgate
dam to over 20 feet near the power house. It had to
pass for most of its length under a heavy wooderfplat-
form used for saw mill purposes, and under lumber
sheds thus carrying a heavy fire hazard.

It had to pass under a double track steam rallway
line and it was desired to make it as resistant as possible
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capital investments in transformation equipment with
its attendant losses. This would have also duplicated
In part an investment already made and still pos-
sessed of additional useful life.

Location of the station at the point shown on the
map and containing a single a-c. unit generating at the
bus voltage of Post Street substation more nearly
satisfied the requirements of service protection against
interruptions, production of needed energy at the point
of feed, a minimum of transmission and transformation,
at the lowest cost for investment.

The principal points of interest of this development
are as follows:

1. A reinforced concrete penstock 18 ft. in diameter
and 370 ft. long.

2. A motor-controlled Johnson valve electrically
interconnected with water wheel to open automatically
and by-pass a large part of the river flow should the
wheel load fall below a predetermined amount.

3. A vertical type water wheel having a concrete
volute casing and Moody spreading draft tube.

to damage from accidental derailment.

Since the location would make maintenance and
upkeep very difficult it was desired to make the con-
struction of a type least subject to depreciation and
decay.

Concrete reinforced with steel satisfied the above
requirements to a greater degree than any other type
available. Fig. 38 gives the principal construction
details.

A few small leaks appeared when the penstock was
first filled with water but disappeared after a few
months time. There is every reason to believe that
the type of construction selected could not have been
better.

JOHNSON VALVE

It has been mentioned above that for a large portion
of each year this station would utilize the full regulated
flow of the stream. The tailrace of this station is the
forebay of the older Monroe Street station, with pond-
age that would be exhausted in a few minutes time.

In case of a sudden shut down of the Upper Falls
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single-unit Monroe Street station would cease operating
for want of water before the gates at the control works
could be opened and the released water reach the
forebay through the main river channel.

To prevent this contingency a 9-ft. diameter Y
branch was led off from the main penstock within the

1905.20
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from the control works arrives in sufficient volume.
Location of the valve, its shape and the supply line
branching from the main penstock may be seen in the
cross-section of Fig. 4, where this valve is shown open.
Operation of the Johnson valve is from a motor-
driven Dean Control unit, the valve starting to open
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power house foundations to a 62-in. Johnson discharge
regulator located so as to discharge into the tailrace of
the station. Under the existing head it is rated to
pass 10Q0 cu. ft. per second and this will keep Monroe
St. station operating until additional water released

when the servo-motor piston has closed to within 0.25
of its travel and the valve will start to close when this
piston has reached 0.4 of its travel in opening. Closed
or open positions of the valve are indicated by green
and red lights respectively in the generator room of the
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power station and also in the System Operator’s room
in the company’s oflice building. If it is desired to
shut down the wheel without opening the valve this
is accomplished by simply opening a switch in the
motor eircuit of the Dean Control unit. "This arrange-
ment functions splendidly and has been tried outl a
number of times within the past Y months.

WATER WHEEL, GOVERNOR, CASING AND DRAFT TUBE

The vertical shaft type water wheel, designed to
operate under an eflective head of 64 ft. is rated at
14,250 h.p. and contains a cast iron runner of 11 ft.
7 in. maximum diameter, mounted on a steel shaft of
21 in. diameter and revolving at 105.8 rev. per min.
A water lubricated lignum-vitae guide bearing, 6 ft.
long, steadies the shaft just above the runner.

The volume of water of 2200 cu. ft. per sec. for which
the wheel was designed, necessarily involved a large
casing which would have made a casing of metal very
expensive. The total head, static plus surge at the
power house, was found to be close to 110 feet. The
“speed ring” or distributor, made of cast iron, was not
designed to take any appreciable tension and so it
became necessary to reinforce the concrete surrounding
the casing as a cantilever beam to resist the upward
thrust of the water within the casing. Space does not
permit a presentation of the design in detail but some
idea of the reinforcement used may be obtained from
the photograph of Fig. 5 taken before the concrete
around the volute casing was poured.

The peculiar shape of the draft tube, originated by
Lewis F. Moody, Consulting Engineer for The Wm.
Cramp & Sons Ship & Engine Building Company,
builders of the water wheel, may be gathered from the
cross-section of Fig. 4. The outlet of the draft tube is
through two rectangular openings 19 ft. wide and 1214
ft. high separated by a pier 6 ft. thick.

The governor is the latest design double-floating,
lever-type, belt-driven. It is provided with the Taylor
Control System which permits of the change from
governor control to hand control, and the reverse, to
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be done by the oscillation through a small angle of
single lever which can be done in the fraction of &
second.

GENBRATOR, [KXCITATION AND CONTROI,

The generator, built by the General Electric Com
pany is of the vertical shaft revolving field type, 3
phase, a-c., 60-cycle, 4200-volt, rated at 11,750 kv-a.
and 10,000 kw., power factor 0.85.

The revolving weights of generator, water wheel
and hydraulic thrust due to runner amounting to a

total of 188 tons, are carried by a General Electric
Company’s spring supported thrust bearing mounted
on the generator upper bracket. This bearing is im-
mersed in a bath of oil that is water-cooled and con-
tinuously filtered. The circulating oil pump is of the
gear type, driven directly from the shaft but a similar
motor-driven pump has been installed as an auxiliary.

Guide bearings, supplied with forced lubrication, are
placed on generator shaft both above and below the
rotor. The generator is provided with air-operated
brakes which assist in bringing the rotor to a stop.
These brakes are also arranged for a supply of oil from
a hand pump up to 1500 Ib. pressure which will lift the
total suspended weight and thus relieve the thrust
bearing.

The generator rotor is equipped with fans for forced
air circulation through the stator windings. Supply
of air is taken from the outside through an air washer
of 50,000 cu. ft. per minute capacity. Air may also
be taken in part or totally from the generator room and
recirculated.

In the station with the generator are two gear-type
oil pumps one of which is driven by an a-c. motor and
the other by a d-ec. motor, supplied from the Edison
System, thus assuring reliability of fluid pressure supply
to the governors; also oil pressure and sump tanks for
the servo-motors, and a motor-driven, two-stage air
compressor connected to a receiver. Air is used in the
oil accumulator tank and for the air brakes under the
generator rotor.

Here are also located an indicating thermometer show-
ing the temperature of the thrust bearing and a flow
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meter showing the quantity of water supplied to the
lighum-vitae guide bearing.

The generator mains consist of three, 1,250,000 cir.
mil. lead-covered, paper-insulated cables per phase laid
in fiber duct embedded in concrete. As there are
duplicate feeder busses in Post Street substation to
which this unit is connected there are also two circuit
breakers, one to each bus, each with its usual comple-
ment of disconnecting switches.

An attendant is kept continuously on duty at the
power station and he is depended on to look after
governor operation, oil pumps and air compressor,
water supply to lignum-vitae guide bearing, air washers,
and similar tasks. He starts the wheel and brings it
up to part speed before turning it over to the switch-
board operator at the Post Street substation and also
has control of the Johnson valve separate from the
interlock with water wheel gates. A klaxon horn
actuated from a pressure gage is used to warn the
attendant should the supply of water to the lgnum-
vitae guide bearing fail for any reason. By means of
a controller located in the power station the attendant
can also close the head gates of the penstock that sup-
plies this unit.

The motor-driven exciter and the generator field
rheostat used for field excitation of the main unit are
located at Post Street substation. Should this supply
of energy fail an auxiliary supply may be had from
the Edison mains connected to a storage battery float-
ing on the system.

Location of the main generating unit of the size of
this one in a separate building some distance from the
point of control naturally necessitated a number of
safeguards to assure rehability of serviece and to protect
the equipment from damage. It is hoped that a brief
description of some of them will be of interest.

The generator is Y-connected and, as is now common
on generators of like capacity, differential relays have
been provided to open the circuit breakers in case of
trouble within the machine itself or in the cables leading
to feeder busses.

As already explained the power station attendant is
relied on to look after governor operation, oil pumps
for governor pressure system, and water supply for
cooling and lubricating purposes.

Operation may be interferred with, in addition,
through any of the following causes which, though they
do not require an immediate shut downof the wheel,
need to be brought at once to the attention of the
switchboard operator at Post Street substation.

Heating of the thrust bearing or guide bearings;
failure of supply of lubricating oil to generator guide
or thrust bearings; the breaking or slipping off from
pulleys of the governor belt.

Warning is given through the ringing of a bell and
the lighting of a signal lamp at the Post Street sub-
station switchboard.

Thermal relays, normally closed, are inserted in each
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of the three generator bearings. A small current is
kept circulating through this relay eircuit and keeps
open, by means of a solenoid switch, an auxiliary
circuit containing the bell and light. Should any of
the bearings become over-heated this relay will open
the circuit. This will de-energize the coil holding open
the switch in the auxiliary circuit and thus give the
alarm.

Warning of the failure of flow of lubricating oil to
the three bearings is given by closing the alarm circuit
connected to Richardson-Phenix sight flow indicators,
one in each of the supply lines to these bearings.

On the governor belt drive there is a tightener pulley
mounted in the small end of a bell ecrank lever. Pres-
sure against the belt is exerted through the bell crank
lever by means of a weight. A switeh of an auxiliary
circuit, normally open, is mechanically connected to
the bell erank lever. Should the belt break or climb
off the pulleys the weight will move the bell erank lever
far enough to close the switch in the auxiliary circuit.
This will in turn effect a closure of the alarm circuit,
thus causing the alarm to be given.

A balance coil meter having a scale showing percent-
ages i1s located in Post Street substation. This is
electrically connected to a rheostat in the power station,
the rheostat being actuated by a mechanical connection
with the water wheel gates. As the gates open resist-
ance is cut out which causes the balanced coil meter
at Post Street substation to indicate corresponding
gate openings. Thus the switchboard operator can
tell at all times at just what gate openings the wheel is
working.

It has been mentioned that air-actuated brakes are
provided to assist in bringing the rotor to a stop.
A rapid or slow application of the brakes may be made.
There aretwo parallel air supply lines, each one controlled
by a solenoid-operated valve, leading to these brakes.
One of these lines contains a small orifice which has a
throttling effect on the air supply. This will cause a
slow application of the brakes and a relatively slow
shut down which does not cause rapid wear of the
brake shoes. Thisis normally used. The other supply
line contains no restriction and its solenoid-operated
valve is opened by a solenoid in a circuit interlocked
with the differential relays. It is considered that if the
differential relays act it is the result of serious trouble
requiring a rapid shut down. In that case the appli-
cation of the brakes is rapid so that the rotor is brought
to rest very quickly. Provision is also made for ap-
plying the air to the brakes by means of a hand-con-
trolled three-way valve.

CoNTROL WORKS

In order to obtain the maximum possible head
throughout the entire year it was necessary to install
gates to maintain a practically constant forebay level
and pass a flow varying from nothing to an amount in
excess of the maximum measured since records have
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been kept. Since the forebay extends through a
portion of the city it was desired to have means showing
the water level at all times and for quickly passing a
large volume of flow should the water wheel suddenly
lose its load for any reason.

The arrangement adopted was the installation of
two motor operated “Rolling Sector” type gates each
60 ft. wide and 16 ft. high, operated either from a
control house located on one of the abutments or by
the system operator in the office building. Also the
provision of four 40-ft. by 11-ft. openings, each closed
by five vertical lift gates supported by adjacent piers
and four top-hinged girders. One of the rolling sector
gates is normally held in reserve while control for a
flow up to about 9000 second feet is exercised by the
second rolling sector gate. Flows in excess of this are
normally passed by clearing the 40-foot openings as
needed. A plan of the Control Works is given on the
map of Fig. 1 and in Fig. 6, taken when a moderate
flood was passing, shows the works with one sector
gate open and the other closed.

Each sector gate is operated by a 15-h.p. series d-c.
motor mounted in the middle of a bridge spanning
between gate piers and controlled either from a drum
controller or from a contactor panel, both being con-
tained within a house on one of the gate abutments.
Connecting one gate motor through selector switches
to drum controller connects at the same time the other
gate motor to control by contactor panel. Both sys-
tems of control give dynamic braking in lowering and
in the off position.

Motor rheostats have been adjusted so that the
current on the first point of the rheostat is about three
times the value of normal load current. This assures
operation even if the contactors should fail to short out
the succeeding resistance steps. In lowering there
1s only one resistance adjusted to suit over-haul of
gate.

The contactor panel may be operated from either of
two parallel double-throw knife switches one of which
is mounted on the contactor panel itself and the other
one is in the system operator’s room in the office
building located some 3000 feet from the gates.

The system operator has mounted above the remote
control switch a gate position indicator which shows
at once any travel of the gate. Should the indicator
fail to show a change in gate position a few seconds after
the control switch is closed it is evidence that motor
has failed to start and the switch can be opened to
prevent burning out of motor and shortly another
trial made. Should the supply of power fail for any
reason a double acting breaker opens the control
circuit and closes the motor circuit for dynamic break-
ing. This breaker may be reset by a swi'tch in the
system operator’s room as soon as power 1s r.estor.‘ed
and the gate again operated in the direction

desired. o
There are two power supply circuits for the motors
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partly under ground and partly overhead, one directly
from Post Street substation and one from the Idison
mains serving the district adjacent to the Control
Works.  This arrangement has been found satisfactory
in practise and has made it possible to dispense with
continuous attendance at the Control Works.

The Upper Ikalls development was designed and
constructed under the general direction of V. H.
Greisser, Chief Engineer, assisted by H. L. Melvin, in
charge of electrical features and the writer in charge of
mechanical and structural work.

TRANSMISSION OF RADIO SIGNALS
OF STANDARD FREQUENCY

Notices have been given in past numbers of the
Bureau of Standards Bulletin of the transmission of
radio signals of standard frequency to enable the
owners of radio apparatus to check their wavemeters
and to adjust transmitting and receiving sets. Such
standard signals were transmitted on October 20 and
will be transmitted November 5 November 20, and
December 5. The transmission on October 20 was of
special interest to commercial and ship operators,
since it included most of the frequencies assigned to
marine and commercial traffic.

On November 5 signals will be transmitted in the
frequency band used by the Class B broadcasting
stations.  Measurements which the Bureau of
Standards has made indicate that a few stations are
not remaining on their assigned frequencies and hence
are causing interference with programs from their own
as well as other stations. This situation can be re-
lieved by using these signals to calibrate a wavemeter
which in turn can be used to adjust the transmitting
equipment.

On November 20 signals will be transmitted covering
approximately the same band as those on October
20, while on December 5, the frequencies transmitted
will cover those used by all broadcasting stations as
well as some used by amateurs. This complete
schedule has been so planned that a wavemeter may
be accurately calibrated over g2 range from 150
to 1700 k.c. provided all the transmissions are
received.

The schedule followed in these transmissions will be
slightly different from that adopted in the past. All
transmissions will be by unmodulated continuous wave
telegraphy and no announcements will be made by
voice, thus considerably reducing the time of trans-
mitting any one frequency. Details concerning the
nature of the signals, together with a complete schedule,
can be obtained by consulting the Radio Service
Bulletin which can be obtained from the Super-
intendent of Documents, Government Printing Office,
Washington, D. C.




A Study of Irregularity of Reaction in Francis Turbines
Y ROY WILKINS

Associate, A. I. E. E.
Pacific Gas & Electric Co., San Francisco, Cal.

Review of the Subject.—Irregularity of reaction in hydraulic
machinery cousing vibration has up to the last few years been of
relatively little importance and treated as a more or less necessary evil.

With the advent of larger units, particularly for high heads, it
became of prime importance that there be little or no vibration. In
cases where vibration occurred, a cut and lry system of remedying

it was usually resorted to and as little publicily as possible given
the procedure.

For the study of such phenomena as vibration caused by irregular-
ity of reaction manifesting ilself in several impulses per second the
electrical methods long since developed are admirably adapted and
this paper gives a brief descriplion of a successful method of study.

URING the last few months there has arisen

an occasion to study the hydraulic conditions

causing vibration in some of the Francis type
turbines on the system of the company by which the
writer is employed.

Preliminary reconnaissance showed that these vibra-
tions had a period in the order of the electrical fre-
quencies commonly used and that for their study
special equipment must be used which, so far as is
known, had not been developed.

Fie. 1

There was accordingly developed somewhat hur-
riedly from parts available a device for converting
pressure variations to electrical impulses and then
viewing or recording these by means of an oscillograph.

As shown in Figure 1 a 114 in. pipe union was used
to hold a diaphragm of spring steel of a thickness
x:;uch that at the maximum pressure used its deflection
18 still approximately proportional to pressure change.
(Several well known gas engine indicators operate on

Presented al the Pacific Coast Convention of the A. [. . J.,
Del Mante, Cal., Octoher 2-6, 1023,

this principle and it is known to be trustworthy.)
Rigidly attached to its center is an arm bearing on its
outer end the center elements of two microphones of
a variety used commonly in amateur wireless work.

The outer elements or shells of these microphones
are rigidly attached by an insulating member to the
union in such a manner that the supports are used as
current-carrying terminals. '

A third terminal grounded to the union makes
electrical connection through the arm to the center
elements of the microphones.

With the connections as shown the device forms an
elementary bridge with microphones and batteries
as members and an oscillograph element as a detector.
The 2-volt batteries forming two arms of the bridge
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Fig. 2

are so connected that they tend to cause current to
flow through the oscillograph element in opposite
directions so that as the diaphragm moves due to
pressure changes we have a curve resembling an
alternating-current curve traced on the oscillograph
film proportional to and in correct sequence with the
pressure changes back of the diaphragm. The device
can be attached to any point that an ordinary pressure
gage can and a 14 in. connection il comparatively
short is more than ample to actuate it.

Using one of the portable oscillographs now available
studies have been made on several turbines under
varying conditions of load, head, gate opening, etc.,
with a view of determining the fundamental reason for
vibration. It is known that the pressures across the
face of a turbine runner opening vary both from
top to bottom and from trailing to leading sides and
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are dependent upon design characteristics as applied
to running conditions.

As a check on probable values, tests were made using
a Pitot tube traveling with the runner and passing
to the center of the draft tube and out through a packing
gland either to a pressure gage or the pressure indicator
described above.

By filling this rotating tube with air under pressure
and then closing, the supply air is trapped under the
pressure of the water at the end of the tube and centri-

F1e. 3

fugal action and leakage are minimized. In this way
the whole face of the runner entrance may be explored
under actual running conditions.

Having established the fact that there is a difference
In pressure on the water over the entrance of a runner
bucket gives us a clue to the reason for the changes in
pressure on the scroll case and penstock supplying
1t because as a low-pressure area in the runner is
presented to the guide vane opening, the water velocity
1s augmented, while when a high-pressure area is
presented the entering velocity is checked.

Frg. 4--5000 Kw., 220 Ls., 450 Rev. pER Mix., 19 RUNNER
VanNEs, 20 GuipE VaneEs. Hum APPARENT IN BOTH POWER
House anNDp PEN Stock. 15 OnMs IN VIBRATOR

This difference in pressure has been measured where
the difference between leading and trailing sides of
the runner entrance pressures was approximately
10 per cent of the total head on the turbine.

If we have a turbine in which the number of runner
vane openings (n — 1) are one less than the number
of guide vane openings (n) the openings will register
successively around the scroll case each 1/(n— 1)
revolution as a vernier backward from the direction

of rotation. .
This gives (n — 1) impulses per revolution or the
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revolutions per second times the number of runner
vanes in impulses per second.

A difference of two in the number of guide and
runner vanes gives two impulses traveling at half
speed around the scroll case while combinations such
as 20 and 17 gives irregular impulses. These combi-
nations are best studied on small drawings to scale
on cardboard, the runner portion of which may be
rotated by hand.

Fig. 4 shows a pressure curve of a turbine having
20 guide vanes and 19 runner vanes with a timing
wave of 60 cycles. This gives the Vernier action
described above and the machine has a decided hum
and a vibration which persists with gradually lessening
intensity up the penstock 3600 feet to the forebay
where it is scarcely perceptible.

Fic. 5—5000 Kw., 220 L. 450 REv. PER Mix., 17 RUNNER
Vaxgs, 20 GeiDpE VANES. N0 APPARENT NOISE OR ViBRrATION
15 OnwMs 1N VIBRATOR

Fig. 5 shows the curve from an identical scroll case
with 17 runner vanes and a 60-cycle timing wave.
In this case there is apparent neither hum nor vibration
yet the curve shows just as high a hydraulic pressure
variation which is, however, not regular,

Fie. 6—5400 Kw., 238 Ls., 400 REv. pER MiIx. No NoIsE
OR VIBRATION. 15 OHMS IN VIBRATOR, 20 RuUNNER VaNEs,
24 GTUIDE VANEsS

Fig. 6 was taken on a turbine of somewhat older
design and different specific speed and is almost ideal as
regards hydraulic vibration. Just a slight wave may
be traced which corresponds to the frequency we
would expect.

Fig. 7 is an example of a combination of 18/16 and
In operation this machine has a perceptible hum and
vibration which persists up to the forebay 1600 feet
from the turbine.

There are some conditions under which this is more

pronounced than others due to the manner in which
the water enters the runner.
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Fig. 8 is a high-speed film on large ordinates of a
record of a turbine with a 20 '19 combination of guide
and runner vanes taken to study the effect of the guide

Fia. 7—4600 Kw., 3.34 Gate, 83 Lb. Pressure, 3.5-Ix.
Vacoum, 15 Ouus 1x Vierator, 18 Guipe, 16 RuUNNER
VaNEs

Fig. S—FiLy 8&A Vis. No. 2-3w., No. | Macuixe FoLL
Loap. G0 CycLes Tiviag Wave
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case at the center of the runner opening taken with the
rotating pipe referred to above to see if pressure
conditions were uniform around the entire circum-
ference.

Little ripples caused probably by the scroll case
guides, that is, the fins back of the guide vanes at
points around the scroll case to direct the water into
the guide vanes are evident though of no particular
importance.

Fig. 10 shows the condition in a large somewhat
elastic pipe line connected to a turbine having a
uniform vibration. Here the pressure waves are

Fia. 12—12,600 Kw., 202 Lp. Pexstrock Pressurg, 360 Rev.
PER MiN | 15 Onvs 1N VIBRATOR

Fia. 9—Fi1uwm 12-¢c. ViB. No. 2-15w. VeLociTy PRESSURE AT
INLET SipE oF RUNNER ON Axis oF GuibE VanNEs. No. 2
MacuiNe 22,500 Kw. 40 LB. Back Pressure oN PirE.  TiMiNG
Wave 60 CycLEs
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Fig. 10—FiLy 5-c. Vie. No. 2-15w
ABOVE PIER AT ExD oF TUNNEL.
No. 2 OFF.

. No. 1 Pire LiNE JUST
No. 1 TursINE, FriL Loap
Tiving Wave 60 CycrLes

F16. 11—5000 Kw.. PExsTock PreEssurg, 218 Ls.,

360 ReEev.
PER MIN., 15 OBMS IN ViBR ATOR

vanes; a ripple corresponding to each guide vane
appearing in the pressure wave.

Fig. 9 is a record of a traverse around the scroll

“'1'1' s
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Fig. 13—3240 Kw,,
Ls., PExstock 72.8 L.
VaLve Crosebp.

60 CycLes, Pressure ScrorL Case 59
DrarT TuBe 414, GaTE 6/8. RELIEF
20 Guipe 16 RuNxNER VANES

60 CycLEs.

Fig. 14—H70 Kw,,
65 LB., PrEssure PeExsToCck 65 Ls.,

PreEssurE ScrorL Cask
Drarr TuBe 314, GATE

7/8, 20 Guipe, 16 RUNNER VaNEs

influenced by reflection at the natural period of the
penstock, by draft tube variations and by irregularity
of flow in the penstock itself.

Fig. 11 shows a turbine in which the flow conditions
are critical at a certain gate opening, that is, the pres-
sure difference across the runner inlet face is greater
at this particular opening than at others, though not
serious on any.

Fig. 12 shows the same machine as Fig. 11 with a
greater gate opening.

Fig. 13 shows a curve for a turbine on which abnormal
conditions of head and load were imposed. The flow

relations were unstable and were manifest in irregular
vibrations or ‘“shivers” of the unit.
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Fig. 14 shows the same turbine under more nearly
normal conditions.

The mechanical vibration was about in the propor-
tion of the curves and there was very little hum on
account of the irregularity of pressure variations and
the lack of elasticity in the equipment.

All of the curves shown have a 60-cycle timing
wave for comparison.

OPERATION OF APPARATUS

In taking such records the so-called auxiliary data
are of as much importance as the record itself and all
conditions should be faithfully recorded in order to
study and fully appreciate all of the changes made
evident by a film of pressure variations.

Only ordinary precautions are necessary in using
the apparatus such for instance as making sure that
there is no trapped air behind the diaphragm, that all
electrical connections are good and that the oscillo-
graph is properly adjusted and handled.

The microphones are adjusted originally by dis-
connecting one microphone lead and observing the
shift in the zero line caused by current through the
one connected and then repeated with the other,
adjusting until the shift is the same for each. The
adjustment in the present device consists in moving
the microphone shell in or out a small distance with
respect to the central part fast to the diaphragm.

It 1s but a few minutes work to set up and observe
the waves and changes in pressure waves may be
watched while operating conditions are changed.
Once adjusted, different points may be explored
wherever a half-inch pipe connection can be made.

Nearly all of the cases studied have to do with
the manner in which the water enters the runner and
are fundamental in turbine design.

It is thought that the shock due to sudden changes
in velocity of moving water has not been fully appre-
ciated in many cases.

Using the ordinary formulas for surges and water
hammer as given in Prof. Durand’s Hydraulies of
Pipe Lines it is seen that with 80 cycles per second,
that is, 160 changes, there is required somewhat less
than four one hundredths of a foot change in velocity
per second to cause 100 lb. pressure change, provided
all of this change were effective.

Elasticity in the scroll case and penstock and large
clearances between guide and runner vanes together
with the combinations of guide and runner vanes
which set up conflicting pressures all tend to prevent
the difference in pressure across a runner opening
from causing high-pressure variations in the scroll
case and penstock.

Certain design characteristics cause most of the
energy in the water entering the runner to be in the
form of velocity and therefore incapable of causing
any of the phenomena observed. In other designs
more reaction and therefore more pressure is necessary
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and greater care must he used in entrance angles
and clearances.

The subject is as yet very new and very little con.
cerning it is known. It is only hoped that such
work as has been done may he of assistance in further
study.

LOCATING MINERALS BY ELECTRICAL
METHODS

For many years efforts have been made to find a
practicable method of locating mineral deposits by the
use of electricity. Too often these have proved of
doubtful efficacy, or too extravagant for commercial
use. Based upon ohservations made in this country
by Daft and Williams, that, in general, minerals of 2
metallic nature are better conductors than the sur-
rounding body, and that this difference in conductivity
gives rise to large distortions of an electric field, a new
method has been devised by two Swedish engineers for
mineral detection. The electrical resistance of haema-
tite ore is roughly five million times less than that of
ordinary gneiss, and of pyrites roughly two million
times less. Most metal-bearing ores have resistances
between these two extremes. FRven ores dispersed
through a rock matrix have much higher conductivities
than are found with rock containing no ore matter,
although the ratio between conductivity and the
dispersed ore content has not been exactly determined.
Because of this great difference of conductivity,
metallic ores attract towards themselves the lines of
electric flux, and there is an abrupt change in the
currents where the transition from rock to ore body
occurs. This abrupt change is noticeable whether the
mineral is compact or consists of impregnations. It
1s unfortunate that the conductivity of water is inter-
mediate between that of rock and metal-bearing
minerals, so that the presence of a water pocket will
lead to misleading results in the hands of an inex-
perienced operator. However, water is not usually so
sudden in its effects upon the electric flux as a mineral
body, and its presence may usually be distinguished
without error.

The principle of the method consists in creating an
electric field on the surface of the ground to be explored,
and determining the lines of equipotential by means of
a telephonic circuit. The electrodes comprise two
long cables of galvanized steel, and alternating current
at220voltsisproduced by a smallhand or motor operated
generator. The exploring telephone circuit contains
metallic pegs which are pushed into the ground;
equipotential lines are mapped out by listening in the
telephones until no noise is heard. This system has
been used in Sweden and Finland with success, and
has been taken up by the Geological Service of Sweden.
—Beama.
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Review of the Subject.—The functional divisions of engi-
neering are considered to be those functional divisions found within
the highly organized industrial organizalions,—namely, research,
design, supervision (of physical plant and of physical and chemical
processes), management (of labor and business features) and engt-
neering sales.

To provide a background for the discussion of the proposed
reorgonization of the engineering courses along these Sfunctional lines,
the fealures of the existing engineering courses are first presented
and briefly discussed. It is pointed out thal lhe existing courses,
while intended lo provide a broad foundalion for engineering work
in general, are each intended to provide o more thorough and specific
foundation for work in some one of the industrial divisions of the
engineering field.

The grounds for selection between the existing engineering courses
are then discussed. The question is discussed as to whether the
student ond his counselors would not be required to consider and to
choose between the more basic types of engineering if each major
engineering course were laid out lo provide the best foundation for
one of the functional divisions of the engineering field.

The general features of the proposed functional courses are dis-
cussed and contrasted with those of the existing courses. The need
for more than one type of ireatment of many of the subjects ts pre-
sented and the conclusion is drawn that the distinctive general fea-
ture of the functional engineering courses should be the separate
provision for the needs of men of superior aptitude and for those of
moderate aptitude by profoundly technicol and moderately technical
treatments of the differen! branches of science, pariicularly of the
mathematics and physics of the first two years. The distinctive
features of each of the functional engineering courses and the condi-
tions of transfer from one to the other are discussed.

The merits and possibilities of a method of determining the stu-
dent’s aptitude for the work in an engineering college before enrolling
him in the college, by requiring him to report before the opening of
the school year for a month of work and counsel with malure educa-
tors, are pointed out. The closing discussion relates lo the relative
parts played by survey courses and by profoundly technical courses

in the development of clear, trustworthy breadth of viston.
* #* * * *

PurPosE

ERHAPS the most serious, clear-cut, and specific
P criticism which can be made of the existing

courses of engineering study is to the effect that
they bring new topics to the attention of the student
in such numbers and with such rapidity that he cannot
adequately meditate upon, or review and correlate the
flood of new half formed ideas. The result may be
the formation of the habit of confused or of superficial
thinking.

Now, strange to say, in a number of the discussions
of engineering education, the superabundance of the
subject matter which may be offered in a specific
course, or the “congestion’ of the specific course, (for
example, Civil Engineering, Railway Option) has been
attributed to what is termed the subdivision and
speciolization of the engineering courses of study.
Other undesirable effects, such as narrowness of
vision, have heen attributed to specialization. These
imagined evils of specialization have been so persist-
ently presented that the tendency in more than one
college is to make all the engineering courses of study
identical in content for one, two or three years for the
entire group of engineering students. As a matter of
fact, at the present time, all the engineering students
at any given college have substantially two years of
work in common, the greater part of which occurs
during the first two years of the four year courses.

In striking contrast to these courses, this paper
presents for consgideration courses of study in which
the fundamental studies of the first two years are not
identically the same in all courses, but are avowedly
different hoth in content and in aim. Iach of these
courses is intended to provide the foundation for what

may be designated as one of the basic types of engi-
neering work or as one of the functional divisions of
the engineering field. In this paper, the functional
divisions of engineering are considered to be the five
divisions listed and concisely specified in Table I,
and more fully specified in TableII. .

TABLE 1.
Basic Tyres or FunNcrtioNaL DivisioNs oF IINGINEERING
I.  Engineering Research.
Of the analytical-physical type—Faraday.
Of the analytical-mathematieal type—Heaviside.
11. Engineering Design.
A. Of appliances and machines.
B. Of struetures.
C. Of plants or systems or projects.
III. Engincering Supervision. (Having oversight of physical
plant and physical and chemical processes.)
A. Manufacture of materials, machines and appliances.
B. Construetion, erection and installation.
C. Operation of utilities.
1V. Engineering Management. (Having oversight of artisans,
machine operators and husiness features in the engi-
neering industries.)
A. Manufacture of materials, machine and appliances.
13. Construction and erection.
C. Opeoration of utilities.
V.  Engineering Sales

PrLaN

To provide a background for the discussion of the
proposed reorganization of the engineering courses
along these functional lines, the features of the existing
engineering courses are first presented and briefly
discussed. It is pointed out that the existing courses,
while intended to provide a broad foundation for
engineering work in general, are each intended to
provide a more thorough and specific foundation for
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work in some one of the industrial divisions of the
engineering field.

The grounds for selection between the existing
engineering courses are then discussed. The question
is discussed as to whether the student and his counselors
would not be required to consider and to choose
between the more basic types of engineering if each
major engineering course were laid out to provide the
best foundation for one of the functional divisions of
the engineering field.

The general features of the proposed functional
courses are discussed and contrasted with those of the
existing courses. The need for more than one type of
treatment of many of the subjects is presented and the
conclusion is drawn that the distinctive general feature
of the functional engineering courses should be the separate
provision for the meeds of men of superior aptitude and
Jor those of moderate aptiude by profoundly tech-
nical and moderately technical treatments of the different
branches of science, particularly of the mathematics and
physics of the first two years. The distinctive features
of each of the functional engineering courses and the
conditions of transfer from one to the other are
discussed.

The meritsand possibilities of a method of determining
the student’s aptitude for the work in an engineering
college before enrolling him in the college, by requiring
him to report before the opening of the school year
for a month of work and counsel with mature educators,
are pointed out. The closing discussion relates to the
relative parts played by survey courses and by pro-
foundly technical courses in the development of clear,
trustworthy breadth of vision.

THE EXISTING COURSES OF STUDY

Table III shows the customary lines along which
the engineering courses of study are at present
organized in the great majority of the Engineering
Colleges of the country. The options listed under
each major division are not all to be found in any one
engineering college. The course in architecture is not
listed or considered in this paper, since its content 1s
very different from that of the other courses.

TABLE III.

Tre Existiné¢ CourRsEs oF ENGINEERING Stupy

(Emphasizing the industrial divisions of engineering)

I. Civil Engineering

General option

Railway option

Struectural option

Sanitary and muniecipal option

Hydraulie option

Highway option

Reinforced concrete option

Architectural engineering option
I1.  Mining and Metallurgical Engineering

Mining option

Geological option

Metallurgical option

Ceramic option
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11 Mechanical Bwgineering
Genoral option
Machine dogign option
o Stoam powor option
[nternal combustion engine option
Automobile option
Aoronautical option
Textile mill option
Meating, ventilating and re frigorating option
Industrial managemont option
Ordinance option
Marine engincering option
Railway mechanical option
LV, Electrical Enginecring
The catalogs rarely bave the clective studies in the elec-
trical enginecring course grouped into options.
V. Chemnical Kngincering
General option
Gas and fuel engineering option
Organic industrial option
Pulp and paper manufacturing option
General chemieal manufacture option
Electrochemieal option
VI. Adwministrative Enginecring.  (Also called industrial Engi-
neering and Commereial Engineering.)
Civil option
Electrical option
Mechanical option
Chemieal option

The features of these courses are as follows:

a. In any given engineering college, the studies in
the freshman year of all these courses are either iden-
tically thesame, orsonearly the same, that astudent who
enrolls in one course and then at the end of the freshman
year desires to transfer to another, may do so without
Incurring any handicap whatsoever.

b. From 50 to 60 per cent of the specified studies in
any course (the percentage being computed on the basis
of the time allotted to each subject) areidentical with the
specified studies in every other course. The greater
portion of these common studies comes during the
first two years of the courses. Therefore a student
may without loss of credit transfer from one engineering
course to another at the end of the sophomore year.

c. The studies which are not only common to all
engineering courses, but which in any given engineering
college are identical in content and type of instruction
for all engineering students are listed in Table IV.
The average time allotted to each study is given in
per cent of the total time in the four year course.

TABLE 1V.
STUDIES COMMON TO ALL ENGINEERING COURSES

Per Cent
Algebra, Trig., and Anal. Geom. B 7
Differential & Integral Caleulus. . 6
Mechanical Drawing & Des. Geometry 6
Chemistry & Qual. Analysis. . . b
Physies ... .. .. 7
English. ... . 4
Staties & Dynamics. . 3
Mechanies of Matarials 5
Thermodynamies. . . o 4
Engineering Specifications 2
Non-professional electives 8
Total 57 per cent
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d. From 10 to 20 per cent of the time in the four
year course is devoted to studies which in name are
common to all courses, but which in content and type
of treatment are somewhat different for students in
the different courses.

e. The remaining time,—from 40 to 25 per cent of
the total time in any four year course,—is devoted to
studies which are not ordinarily taken by students in
other courses.

The fact that the existing courses are identically
the same to the extent of 50 to 60 per cent of their
content is evidence that the common aim is to provide
a broad foundation for engineering work in general.
In addition to this, each of the courses or options is
directed toward one of the tndustrial divisions of the
engineering field, or it is intended to give the student
a more specific and thorough preparation for work in
one of the industrial divisions of engineering. In fact,
the courses in mechanical, electrical, and chemical
engineering were gradually evolved in the above order,
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of men for engineering research as contrasted with the
preparation for engineering supervision or engineering
management receives scant and belated consideration
in the existing courses.

THE GROUNDS FOR SELECTION BETWEEN THE
EXISTING ENGINEERING COURSES

The ground upon which a student elects a particular
one of the existing engineering courses is that the par-
ticular course is directed toward that industrial division
of the engineering field which for one reason and another
makes the greatest appeal to him or to his advisers.
Let us now imagine that the existing industrially
aimed courses,—civil, mining, mechanical, electrical,
and chemical engineering,—were to be replaced by the
functionally aimed courses, engineering research, de-
sign, supervision, management, and sales. Clearly,
the ground upon which a student would then elect a
particular one of these major courses would be that the
particular course is directed toward that functional

TABLE V.
THE INDUSTRIAL VERSUS THE FUNCTIONAL DIVISIONS OF ENGINEERING

INDI_J'STRI;\L_DIYISIO_\'S (Only a few are listed)

Civil Mining
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and were added to the original course, (civil engi-
neering), in response to the increasing importance of the
engineering applications of science in these new fields.

Table V is an attempt to emphasize a relation
between the industrial divisions of the engineering
field and the functional types of engineering work. The
functional types have been represented by horizontal
bands or compartments and the industrial divisions by
vertical columns. The horizontal bands cut through
all the vertical columns. That is, the design type of
work, for 'example, runs through all the industrial
divisions, or on the other hand, any industrial division
runs through or comprises all functional types of work.

As stated above, the existing courses and options
(vyith the exceptions of administrative engineering)
aim to give the student a more specific preparation for
work in the field represented by some one of the vertical
columns of Table V, and not a more thorough prep-
aration for work in the field represented by some one
of the horizontal rows of the table. The preparation
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type of engineering work which for one reason and
another makes the greatest appeal to him.

In which of these situations,—the former or the
latter,—will the prospective engineer and his counselors,
(parental, high school, and university), be called upon
and permitted to consider and to choose between the
more basic divisions or basic types of engineering,—
basic 1n the sense of being founded wupon the natural
aptitudes, the peculiar type of intellectual interest, or the
type of presentation of the introductory studies which 1s
conducive to the fullest achievement in each division?

Is not the industrial division which the young man
elects, or eventually works into, determined very
largely by fortuitous experiences and circumstances?
On the other hand, is not the type of engineering work
into which the man eventually works, determined
more largely by innate or natural ability and to a much
smaller degree by fortuitous events?

These same questions may be raised in a somewhat
different form. Let us imagine a situation in which
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the engineering educators are so deeply impressed
with the importance of vocational guidance that mature
educators with a broad conception of the diversified
needs of the engineering field are studying the charae-
teristics and qualifications of individual students as
evidenced by the work and the reactions of these
students in small classes in such important intro-
ductory studies as engineering mathematies and en-
gineering physies. Can you conceive of anything
very constructive resulting from such an ideal provision
for personnel work if the advice of the engineering
counselors to the student is couched in terms of the

existing major courses of study in language such as
the following?

“It seems to us, Jones, that you have the qualifica-
tions for a successful career in mechanical engineering
and that you would do well to take the mechanical
engineering course. In our judgment you should not
take the electrical engineering course.”

Is it not extremely probable that the advice would
be couched primarily in terms of the types of engineering
work in some such language as the following?

“It seems to us, Smith, that you have the qualifi-
cations for a successful career In engineering super-
vision or engineering management and that it
would be well for you to take either one of the corre-
sponding courses, preferably the latter. In our
judgment you are not fitted to succeed in engineering
research.”

Basic TYFES AND FUNCTIONAL DIVISIONS OF
ENGINEERING

As stated above, the expression “basic types or more
basic divisions of engineering”’ is being used in this
paper to signify those divisions which are founded upon
the natural aptitudes, the peculiar type of intellectual
interest, and the type of presentation of the intro-
ductory studies which is conducive to the fullest
achievement in each division.

In my opinion, the basic types of engineering are
indicated by the functional divisions within any of the
highly organized industrial organizations. TableIisa
list of those functional divisions which are entered by
engineering graduates in large numbers. For the work
of these divisions, an engineering course of study is
either the necessary prerequisite or an excellent
preparation.

GENERAL FEATURES OF THE FUNCTIONAL ENGINEERING
COURSES AS CONTRASTED WITH THE FEATURES OF THE
Ex1sTING COURSES

Let us consider the general features of courses of
study each of ‘'which is intended to provide the best
foundation for one of the functional divisions of en-
gineering. The names of such courses have been
listed in Table II.

One feature in which these courses will, in my
opinion, resemble the existing courses is as follows:
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Under each of existing engineering courses, (civil,
mechanical, etc.) there are certain options between
which a selection may be made late in the course.
Likewise, under each of the proposed hasic courses,
there will necessarily be options hetween which the
student may elect late in the course. Accordingly
Table II contains under each of the five courses, a
partial list of the subjects or the sections of the engi-
neering field in which the student may elect to major
late in the four year course, or perhaps in a fifth year.
This list of optional majors is v 1y incomplete. Its
main purpose is to convey some conception of the
field of each functional group of engincers. It will he
seen that this list of majors corresponds to the in-

dustrial divisions.
TABLE TT.
Prorosen OnreaNizatioN or Thi ENGINEERING COURBES
(Emphasizing the funectional divisions of engincering.
75 Engineering Research
A. Of the analytieal-physical type—Farada;
B. Of the analyvtical-mathematical tvpe-—Heaviside
Majors
Thermodynamics
Electrodynamies
Metallurgy
Physical Chemistry
Organic Chemistry
Mathematieal analysis
Hydrodvnamies
1. Engineering Design
A. Of appliances and machines
a. Manufaeturing features
h. Mechanieal features, stress deformation, vibration,
friction
¢. Electrical features
d. Chemical and thermal features
e. Thermodynamie features
f. Hydrodynamic features
B. Of structures
a. Foundations
b. Steel structures and frame works
e. Reinforced conerete
d. Ships

C. or plants or systems
a. Industrial plants
ete.)
h. Steam power plants
¢. Gas plants
d. Hydroeleetrie plants
€. Mining plants
f. Systems of communieation
g. Systems of transportation
h. Systems of remote control
I. Systems of power transmission
J. Heating and ventilating svstems
k. Sewage systems

mills, metallurgieal, chemiecal, textile,

I11. Engineering Supervision. (Having “oversight of physical
plant and physical and chemieal processes.)

A. Manufacture of malerials,
Inspection and test
Master mechanie
Plant engineer
Plant chemist
e. Service department

machines a nd_appliances

o0 o
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B. Construction, erection or tnstallation

Exeavation and tunneling
Railway eonstruetion

Building eonstruction

Bridge construction

Dam and flow line eonstruction
Highway construetion

Power line construetion

me s o

C. Operation of Utilities
Maintenance and operating engineers in
. Transportation systems
b. Power supply systems
c. (as supply systems
d. Water supply systems
e. Systems of communication
1V. Engineering Management. (Having oversight of artisans,
machine operators, and the business features in the engi-
neering industries listed above under engineering super-
vision, viz.).
A. Manufacture of materials, machines and appliances
B. Construetion or erection
(. Operation of Utilities

&

V.  Engineering Sales
A. Of engineering materials (wire, oils, steels, cement,
ete.)
B. Of service (transportation, communication, power)

C. Of machinery (electrical, mining, steam, hvdraulie,
mill, excavating, pnenmatie, gas, ventilating, ete.)

D. Publicity

The fundamental difference, as I conceive it, between
the existing courses and those suggested is this: Under
the existing courses all engineering students in any
given college receive precisely the same drill in the
same subjects for a total period of two years. (All of
these subjects do not necessarily come in the first
two years.) This is what might be expected in a
system in which no attempt is made to classify students
in groups other than civil, mechanical, electrical, etc.
This classification gives little indication of the aptitudes
of the groups, or of the type of treatment of the intro-
ductory studies which will be to the best interest of
each group. Suppose, however, that the students
were intelligently enrolled as students in engineering
research, engineering design, engineering supervision,
etec. Is it at all likely that precisely the same intro-
ductory drill in mathematics, chemistry and physics
would be prescribed for all these groups, each of which
may now be assumed to be reasonably homogeneous
within itself as regards certain professional aptitudes
and needs, and to differ markedly from the others?
Is it not extremely probable that at least the first
two of the three distinct types of treatment listed in
Table VI would be available to engineering students in
physics and in first and second year mathematics?

TABLE VI.
Type oF TREATMENT OF SUBJECTS OF STUDY

Proufoundly technical treatment

Adapted to the needs of men with superior aptitude and keen
interest in the subject. Object: to facilitate the acquire-

" ‘ment of a profound understanding of the subject.
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Moderately Technical treatment
Adapted to the needs of men with a moderatle aptitude and
moderate interest in the subject. Object: to facilitate the
acquirement of skill or proficiency in the use or application
of the principles of the subject to the moderate extent neces-
sary to effective work in the man’s natural field.

Non-technical treatment
Adapted to the needs of men who have either little aptitude
for, or a non-professional interest in, the subject. Object:
to tacilitate the acquirement of a non-technical appreciation
of the general content, the methods, and the possibilities
of the science.

In the existing courses, the advisability of having
at least the last two types of treatment for subjects
which are introduced in the latter half of the course, is
recognized. For example, all engineering students take
studies which are labeled either electrical engineering
or electrical machinery, but the introduction of the
electrical group to the subject is invariably of the
technical type, while the introduction of some of the
other groups is, in many colleges, avowedly of the
non-technical type. The profoundly technical type of
treatment is made impossible for any group because of
the prevailing (though not universal) practise of not
differentiating in -any way in the early electrical
studies of the students enrolled in electrical engineering.

In the customary administration of the important
introductory engineering studies, mathematics, physics
and chemistry, in the existing courses of study, there
is no recognition of these three types of treatment.
Administratively all engineering students (including
those in the administrative engineering courses) look
alike for the purpose of the first enrollment in mathe-
matics. Well before the end of the first semester, the
instructors have the students classified as of all shades
of gray from black to white. But administratively,
that is, in so far as provision in the curriculums is
made, there are no grays. For the purpose of enroll-
ment in the second semester there are two colors only:
white (excellent, good, fair, poor, and condition),—
and the whites all look alike,—and black (fail). And
thus the work in mathematics is administered for a
period of two years. That is, during this entire period
there is provision for but one type of mathematical
course,—a course in which the treatment is a com-
promise between the first and second types of Table VI
(It should be understood that the above 1s a presenta-
tion of the features of the existing curriculums, which
of necessity are somewhat inflexible. It would be a
gross misconception to suppose that the same inflex-
ibility characterizes the work of the instructor with his
students.) i

The introduction to mathematics or to physics
which is suited to the needs of the engineering manage-
ment group is not suited to the needs of the engineering
research group. The compromise course in mathe-
matics is neither adapted to the needs of the men with
superior mathematical aptitude nor to those with
moderate aptitude. The situation is about as follows:
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a. The growth along mathematical lines of the upper
15 per cent of the men in freshman mathematics (the
excellence and high goods) is stunted hy reason of the
trivial nature of much of the class discussion.

b. The course is fairly well adapted to the next 15
per cent.

c. If the customary courses in engineering mathe-
matics were made more mode rately technical by elim-
Inating from 30 to 50 per cent of the present content,
and if the time thus made available were devoted to
practise in the application of the fundamental mathe-
matical methods to the simpler engineering problems,
the next 30 to 40 per cent of the class might be expected
to become moderately proficient in the use of the
simple methods.

d. The remaining 40 to 30 per cent of the freshman
class are so lacking in analytical ability, or in quanti-
tative sense, as to be unsuited for even the moderately
technical treatment of mathematics outlined in the
paragraph above, and are out of place in an engineering
college.

In my opinion, the above is a fair statement of the
conditions obtaining under the industrially aimed
courses. The situation is generally recognized and
acknowledged, and in the past discussions of engineering
education before this institute there is frequent reference
to “the educational crime of keeping the able students
back at the level of the lowest in the class.” N umerous
small scale attempts to improve the conditions have
been made from time to time, and are still being made.
Yet the situation continues to exist, and there is no
large scale or concerted move to remedy it.

it hardly seems possible that educators could
work under courses entitled engineering research,
engineering design, engineering management, etc.,
for a score of years and be so backward in making
provisions for the great range in student aptitude as to
offer after all these years but one ntroductory course
In engineering mathematics and physics.

The distinctive general feature of the Sfunctional en-
gineering courses should be the separate provision for the
needs of men of superior aptitude and for those of moderate
aptitude by profoundly technical and moderately technical
treatmenis of the different branches of science, particularly
of the introductory mathematics and physics ‘of the first
two years.

DISTINCTIVE FEATURES OF EACH OF THE FUNCTIONAL

ENGINEERING COURSES, AND THE CONDITIONS

ATTENDING THE TRANSFER FROM ONE COURSE TO
ANOTHER ‘

If the proposals of the last section are well founded,
it would seem that the guiding consideration in laying
out the courses would not be the thought that the
student cannot be certain that he has elected the
proper course, and cannot be wisely directed during
the first half of his college career, and that the courses
should, therefore, be identical in content for as many
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years as possible to facilitate the transfer from one
course to another. Rather, the consideration would
be that the courses should be adapted to the aptitudes
of the students, and should, therefore, differ from the
very beginning, in content and in aim. Iacility
of transfer in the sense of hookkeeping facility in
satisfying rigid graduation requirements should be a
minor consideration.

A proposal as to the studies of the first two years
1s contained in the following schedule.

PROPOSED SCHIEDULE FOR FUNCTIONAL COURSES
FRESHMAN YEAR
Ist Semester 2nd Semester

Alg., Trig., and Anal. Geonm.** 5 er. b. er.
Chemistry** . . 4 ¢ 4«
Mechanieal Drawing* o3 3«
English*. . 3« 3 “
Human Progress. . 3« 3«
Total 18 er. 18 er.
SOPHOMORE YEAR
Caleulus** . 4 er. 4 er.
Physies**. ... .. . . 5 5
Non-professional electives 4 « 4 ¢
Varies from course to course** 5 « 5 «
Total 18 er. 1% er.

In those studies marked with a single asterisk, the
treatment would be of the moderately technical type.
In those studies marked with the double asterisks, the
profoundly technical and the moderately technical
types of treatment would be available, and the pro-
foundly technical type would be specified in certain
courses. For example, the profoundly technical type
of treatment in chemistry and physies would un-
doubtedly be specified for all men enrolled in engineering
research. The moderately technical treatment of
mathematics would be accepted for men enrolled in
engineering supervision, but these men, or any man,
would be perfectly free to enroll for the profoundly
technical mathematics, provided only that he displays
superior aptitude for and interest in the study. In
those studies not marked with an asterisk, the non-
technical type of treatment might well be acceptable.

By the study entitled “Human Progress”” scheduled
for the first year is meant an Initiatory course for
freshman, the features of which are being evolved at a
number of universities.* This course goes by such
hames as, or contains such topics as, “College Aims,”
“Introduction to Contemporary Civilization.” ““In-
troduction to Reflective Thinking,” ete. The non-
professional elective studies of the sophomore year are
to be elected from the languages, literature, history,

philosophy, psychology, economics, sociology, biology,
or political science.

“See “The report of the Committee on Initiatory Courses
for freshman,” Bulletin Am. Assoc. of Univ. Prof., Oct. 1922.
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It will be seen that there are no insurmountable
barriers between the proposed courses during the first
two years. For example, a man who for two years has
been content with the moderately technical treatment
of mathematics and physics and who then undergoes a
new birth may transfer to the course in engineering
research, provided he has done thorough work in the
moderately technical treatments and is ready and able
to pay the price in effort.

In the third and fourth years, the courses would
differ more and more. Perhaps a common require-
ment of all courses should be three or four credits each
semester of elective studies from the non-professional
group listed above. The feature of the research course
would be the requirement of the profoundly pro-
fessional introduction to a number of branches of
physical science. There would undoubtedly be free
electives in the fourth year which would permit a man
to concentrate in the field to his liking. The engi-
neering management course would be at the other end
of the line from engineering research, in that it would
accept the non-technical treatment of the physical
science and manufacturing arts studies to a greater
extent than any other course, and it would require
more studies than any other course along business and
sociological lines. As regards the moderately technical
type of treatment, the engineering sales course would
be bhetween engineering supervision and engineering
management. In the latter half of the third year
students in engineering supervision would undoubtedly
start to major, choosing between manufacture, con-
struction, and operation.

STUDENT COUNSEL AND THE DETERMINATION OF
APTITUDE

This proposal for courses entitled engineering re-
search, design, management, etc., will be criticized on
the ground that it is impossible for the student or his
counselors to determine, in a period short of a yearor
more, in which of the courses the student should enroll.
It seems to me that the problem with which the
student and his counselors are confronted is far simpler
than this. The first question to be answered is this:
Has the student the aptitude for the type of engineering
work which can bhe prepared for to advantage in a
college? If this is affirmatively answered, the questions
to be answered for the first year are as follows: Is the
student’s aptitude for and interest in Algebra, or
Calculus, or Chemistry, or Physies, such that he
should take the profoundly technical or the moderately
technical course in the subject in question?

The answers to the first of the above questions may
now bhe had in no very uncertain terms within two
weeks of the opening of the school year. For example,
all freshmen engineers at Wisconsin are given a two
weeks review in algebra followed by an examination.
Students who fail to pass this examination are placed
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for a semester in sub-freshman algebra. From 25 to
35 per cent of the students in the entering class are
required to take this sub-freshman algebra. Of this
sub-freshman group, about 45 per cent drop out by
the end of the first year, and the percentage qualifying
for the degree is quite low.

There is no question but that carefully devised and
interpreted entrance examinations and tests will
indicate with great certainty a large group of applicants
who would be clearly out of place in an engineering
college. At the present time, however, the State
Colleges, by reason of their relations in the state,
cannot reject graduates of the accredited schools of the
state on the basis of an entrance examination alone,
but must give these graduates a trial. Under these
conditions would it not be a very constructive measure
to require all prospective engineering students to
report at the College one month before the opening of
the school year for engineering counsel?

During the month of counsel, the prospective en-
gineering students would work for five or six hours per
day in computing rooms and laboratories on carefully
devised arithmetical, geometrical, algebraic, and physi-
cal problems. The work would be carried on under
the observation of mature and experienced engineering
counselors in classes so small that the counselor would
be able to follow the mental processes of each student.
The counselors would be the more experienced men
from the departments of mechanics, physics, struc-
tural engineering, thermodynamics, metallurgy, elec-
trical engineering, etc. At the end of the month of
counsel, it would be possible to counsel 20 per cent of
the applicants in quite positive terms, and for quite
specific reasons, to enter upon some line of work other
than engineering. If none of this group were to
accept counsel, and if all were to enter the engineering
college, over 75 per cent, in my opinion, would drop
out during the first year, and not over 2 per cent would
go the four years. Another 10 to 20 per cent could be
counseled for specific reasons but in less positive terms
not to enter the engineering college.

Of the applicants who are judged to have the aptitude
for effective work along engineering lines, 15 per cent
could be counseled to enroll in the profoundly technical
courses in mathematics and physics, and 70 per cent
could be required to enroll in the moderately technical
courses in these subjects.

Counsel rendered in this manner would, in all prob-
ability, be far more efTective, and would be accepted
more readily, or at least with better grace, before
enrollment and patent failure than is the advice or
the requirement to withdraw after a semester of work.
Such a system of counsel has the possibility, not
immediately but after a period of trial, of diverting
25 per cent of the applicants from the college of engi-
neering to lines of work in which a more effective and
happier future might be expected.
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CONCLUSIONS

The issue raised in this paper will be clouded if the
ground of eriticism is that the names engineering
research, design, management, ete., are misleading and
unwarranted, because it ig impossible to teach research,
design, or Mmanagement i a college. A eriticism of
this type indicates a grave misunderstanding of the
aims and claims of educational work. The growth of
the individual is never a symmetrical expansion.
Growth has direction, and the aim and the claim of
engineering education should be to lay the best founda-
tion for the type of work in which the boy seems to
have an interest, and for which he seems to have the
aptitude. There is no claim that a student who has
taken a four or a five year course in engineering design,
and who may, perchance, have been granted the
degree, B. S. in Engineering Design, is a full-fledged
design engineer. But there is, or there should be, a
claim to the recognition of aptitude and the develop-
ment of talent.

It is, perhaps, unnecessary to say that there is
nothing magical about the names engineering research,
engineering design, etc., as the titles of courses, except
that such divisions would facilitate the provision of
types of treatment better adapted to the needs of the
student groups. That is to say, it would be possible
to have courses thus named in which there would be
no more administrative provision for the recognition
of aptitude than in the existing industrially aimed
courses. The important thing is the provision of the
profoundly technjcal and the moderately technical
types of treatment. This provision can be made
within the existing courses. As an lustration, while it
would ke simpler to lay out a course in Engineering
Research, Electrical Option, provision can be made
for an identical course (a course in Electrical Engi-
neering, Research Option) within the existing lines of
organization of the Engineering cclleges.

This paper is avowedly a plea for the recognition
of the necessity for a certain type of specialization in
engineering education. If the merits of the proposals
are to receive judicial consideration, the indiscriminate
use, in educational discussion, of the term spectalization
as a term of condemnation must be abandoned. It
must be recognized that there are both good and bad
aspects to specialization, and that there are kinds of
specialization which on the whole are good, and other
kinds which are bad. A bad kind of specialization is
that typified by an extensive descriptive treatment of
detailed matters of engineering practise.

In the ardor of the crusade against the bad kind of
specialization, evils in education which happen to
have their origin in the conditions which necessitate
specialization in ,the practise of engineering are, in
uncritical fashion, attributed to specialization. As a
matter of fact, the evils in question arise from the fact
that the course of study is not-specialized enough. The
evil referred to is the inclusion of too many studies in a
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course of study, or of too much subject matter in each
study. The origin of this practise is the desire to
give the student a broad preparation for the work of
the engineer. It arises from a desire to avoid special-
1zation. Yet the superficial work which results is
vaguely attributed to or associated with specialization,
whereas the remedy for the superficial work is special-
ization in the sense of preparing for a specific type of
work. To illustrate, a partial remedy for the lack of
proficiency among engineering graduates in the ap-
plication of mathematics to the problems encountered
in engineering practise is specialized courses in mathe-
matics, a profoundly technical course adapted to the
needs of the few, and a moderately technical course
adapted to the needs of the many. This lack of
proficiency is, perhaps, the most striking evidence
that the existing courses as at present administered
are not intended for, or at least, do not lend them-

selves to,—the eflective training of engineering
specialists.
Rightly conceived and correctly administered,

specialization in the sense of encouraging concentration,
and mastery, and leadership through achievement, in
some field of activity, is a remedy for, rather than a
cause of, superficial habits of thought. If it is feared
that leadership achieved in this manner will be accom-
panied by narrowness of vision, the question may well
be raised as to which is the more important to clearness
and trustworthiness of vision. Is it the type of
insight which is gained in broad surveys of general
outlines, or is it the insight which comes from the
discipline necessary to the achievement of mastery in
narrower fields?

MORE LIGHT, MORE EGGS

It is an axiom in the poultry world that the hen that
produces eggs during the months of November to April
inclusive is the profitable hen, this representing the
period when fresh eggs are at peak prices. It has also
been officially established by tests extending over a
period of years that no one single factor contributes to
winter egg production with the potency of artificial
lighting.  In official tests conducted In state and federal
experimental stations during winter months, it has been
conclusively proved that flocks fed and housed iden-
tically and cared for in every respect the same have
shown spreads in egg production sometimes exceeding
100 per cent in favor of the flocks kept under artificial
lights.

Installing artificial lights in city poultrymen’s yards
Is very simple and only involves the purchase of
ordinary lamps and wiring to stations. Repeated
tests have proved that increased profits from the flock
In three months would pay for the electric light plant
and all installation charges on the farm. Many large
commerical poultry plants are now equipped with
artificial lights and experimental stations have also
adopted them in national egg-laying contests.




Design Constants and Measuring Units
BY LAWRENCE E. WIDMARK

Member, A. I. E. E.
Chief Engineer, Star Electric Motor Company

Review of the Subjecl. —This paper presents a generalizalion
of a method described in a previous paper by the author (*An
Arrangement of the Circle Diagram”™ JOURNAL of the A. 1. E. K,
September 1932).  The author suggests an interdependence heliwcen
measuring units and the design constants of a machine and em-
ploying this mcthoed proceeds lo oulline

1. The "*unit parabola diagrain’ for d-c. machine.

The **unit circle’” arrangement of the Behrend circle diagram.

measured and weighed on the curve sheet.

Ordinarily, the unit of the cross-section paper
corresponding to one ampere, one watt, or whatever
the case may be, is chosen altogether arbitrarily.
The only considerations are (1) to get the highest
precision possible on a standard sized paper, and (2) to
use an even ratio between the units of the cross-
section paper and the physical unit in question.

There is, however, another condition which could
be imposed on performance curves to a great advantage,
viz: the choosing of the measuring units so as to stand-
ardize the curve-shape.

In other words, we may be able to “freeze’” the
shape of a function into a fixed curve; have this shape
filed in the form of a template and effect the plotting
of our performance by using the filed template in
connection with straight line construction, if necessary.

This can be accomplished by using a coordinate
system, the measuring units of which are suitable
functions of some design constant of the machine.
Suppose we have a function of the form:

AX"4+BX"+CX+D=FEY
putting

'I\HE performance of a machine 1s, so to say,

we get
A/E(ax)" + B Eazx)"+ C/E(ax)+D FE
We can alwayvs choose a and g8 so that
A'Ea"™ = B Ea" = 3 and thereby transform the
original curve to
™ +2+CB8EYx +DBE =y
This curve may be considered the sum of

a. the “template curve” 2™ + 1" = y

b. a straight line.

The load performance curves of electrical machinery
are, for all practical purposes, of such a type that
it 1s always possible to perform a favorable unit
transformation.

Let us, for instance, take the case of the load per-
formance of a constant speed direct current motor.
(see Fig. 1). Neglecting as a first generalization the
constant losses, the output curve is a parabola when
the input is a straight line. We can now effect the

(8 u).

3. The “C. S. cross-seclion wunst) veference system where
length dimensions take the place of ordinary eleciric units in
recording the elecirical dala of a machine.

The mathematical (reatment of the subject should only be con-
sidered as giving an idea of the author's inlentions and nol as an
exhaustive mathematical survey of the possibilitics and limitations
of the method.

* . -

desired invariance by using a function of the resistance
for our measuring units.
Referring to Fig. 1 (upper half), we see that expressing
the ordinates, or power values, by using the relation
volts)?

— C ordinate units
4 resistance

Input

Current Cm.

Kilowatlty

[\ A |

- (+ - (4 -
FIXED CURVE

GENERAL CASE

.. Chmic Losses

-

> Qutput

bxe. Current + Brushes

;= Mech.&lron
— Excitation
CURRENT CM.

No-Load Current

Load Current -

| - (e

Fic. 1

and the abscissa, or current values, by the relation
volts
2 resistance

= ( abscissa units

we shall obtain a standard parabola for the output
curve and a straight line at an angle of arc tg 2 for the
Input line.

The heavily drawn section is the part of the curve
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which is useful for ordinary loads and by using a tem-
plate for it, the performance diagram is easily drawn.

With the suggestions made above, the actual diagram
as shown on Fig. 1 (lower half) is self-explanatory and
the interested reader will easily find the construction
details.

For alternating-current machinery, the reactance
will be the foundation of our measuring units. The
conception now leads to the following interesting
results as far as induction motors are concerned.

~ Variation of
/" H.P. Component
/ for Different Number of Poles
/" Const. Strength of /Field and
Const. Current /Conditions

Cm.

DIAGRAM

/ Number of Poles —>

»/
yAa
l Usable Field
'Sl' =
\,\
Watt Less
Comp.
Wattful Comp.

Strength of Field
SATURATION CURVES .

Fia. 2

1. It is possikle to determine the measuring unit so
that the locus circle of the circle diagram stays constant
for all machines, small or large, and for different
specifications.

2. The effect on power factor, efficiency, torque, etec.,
by changed winding data may be easily studied on the
diagram without disturbing the general geometrical

- construction just by a stmple movement of the horse

power component and no-load line.

3. The use of the diagram length of the horse power
component for a certain strength of field gives a far
more manageable and generally useful measure of the
electric capability of the machine than reactance in-
formation given by ohms, henrys or amperes.

Actual values of the length of the horse power
components are plotted logarithmically against a
varying number of poles on Fig. 3.

4. It 1s possible to build up an entirely new system
of recording exciting current and wattful no-load current,
far more illuminating and convenient than the ordinary
saturation curve. Furthermore, it is independent of
volts and (practically) phases. This is done by plotting

Journul A . W0,

the length of the aforesaid currents as they appear on
the diagram at varying strength of the field.

Examining the saturation curves, (lower left hand
corner of I'ig. 2) attention is invited to the fact that
the method shows very strikingly how the design is
confined to a narrow margin of variation of the strength
of the field by the rise on one side of the relative no-
load losses and on the other side by the relative size of
the exciting current.

Concerning paragraphs marked 1 and 2, refer to the
author’s paper “An Arrangement of the Circle Dia-
gram” JOURNAL of A. I. E. E., September 1922,
whereas I'ig. 2 illustrates the possibilities of the features
described in paragraphs 8 and 4.

The method described above has in practise shown
its great advantage, and if proper records are kept
In accordance with paragraphs 8 and 4, the design
for any induction motor application is arrived , at
almost instantly. At the same time, we have _ a
tell-tale picture of its different aspects.

Furthermore, if a firm once has standardized on a

DIAGRAM CENTIMETERS

|
il
025 b——— T t \
|
| A
82388 8 § 8
REVOLUTIONS PER MINUTE °
Fic. 3
Diagram cm. per h. p. at varying number of poles. 0= (0-cycles. 25

at rated voltage. Tests at ¥ rated voltage. )

certain relation between design constants and units,
we may, for instance, give the following information
about a machine: Load component 1215 em. exciting
current 8 cm. no-load watts 2 em., angle of loss line 0.8
and thereby form a most complete mental picture o}
the machine in question to any one initiated in the
system.

It is thus apparent that the system can be used even
without direct connection with a diagram.
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Transmission Line Transients
BY V. BUSH

Member, A. I. E. E.
Massachusetts Institute of Technology

HE purpose of this paper is to present briefly the
T results of an investigation on transmission line

transients recently performed in the Department
of Electrical Engineering, Mass. Inst. of Tech,, by
Messrs. S. M. Jones, J. A. Scott, B. Van Ness, and
D. C. Jackson, Jr., graduate students in the department.
The object of the research was to check experimentally
part of the theory of transients on transmission lines
and cables, and to investigate qualitatively certain
phenomena of rveflection and wave form.

The present research was made possible by the
development of a smooth artificial transmission line
which is deseribed in an accompanying paper by Prof.
F. S. Dellenbaugh, Jr. Laboratory; work was also
supplemented by tests in the field on the Georgia-Ala-
bama tie line, performed during the past summer by
Prof. Dellenbaugh and Mr. Jones. This line was made
available through the courtesy of the Georgia Ry. &
Power Co. and the Alabama Power Co.
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All tests were made by suddenly applying or remov-
ing steadv or continuous potentials. The results
however, apply to most cases of the application of alter-
nating potentials, for ordinarily the initial waves of
voltage and current have become much attenuated

before great change has occurred in an applied potential
of commercial frequency.

*Abrifigemen! of a paper presented at the A. I. E. E. Annual
Con.venlzon-, Swampscotl, Mass., June 28, 1923. Complete paper
available without charge to members on request.

In Fig. 1 is shown the current entering a smooth
artificial line with the distant end short-circuited, and
a steady voltage suddenly applied at the home end.

The transients were computed principally from
Heaviside's and Carson’s formulas, with Mr. Carson’s

‘\ .
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much appreciated assistance in interpretation of diffi-
cult points in connection with some of the later work.

In Fig. 2 is plotted the computed curve, by the full
line, for the above case. On this same diagram 1is
plotted, dotted, a copy of the oscillogram. The
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correspondence is seen to be excellent except im-
mediately at the wave front.

These measurements may be considered a check upon
theory as far as the amount and nature of reflections
and the wave shape except at the wave front are con-
cerned.
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The oscillogram of Fig. 3 gives the home end entering
current for a suddenly applied constant voltage when
the distant end of the 990-mile (1612 km.) line is open.
In this case the current reverses in sign, and flows
alternately into. and out of the line, subsiding to a
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steady value of zero current since the leakage is
negligible,

In Fig. 4 is shown the current for an artificial line
only 96 miles (156 km.) long with the distant end open.,
Here the reflections follow so rapidly that the curvature
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Fig. 6

of wave front soon masks the theoretically sharp
cornered form.

Oscillograms for comparison taken on the Gadsden-
Lindale tie line are shown in Figs. 5, 6 and 7. The
first was taken with the distant end grounded, and the
others with it open.

Computations again showed these curves to agree
with theory as well as could be expected in view of the
experimental difficulties involved; Fig. 8 shows a
computed curve superposed on the beginning of one of
the enlarged oscillograms.
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Neither the artificial line nor the actual line of prac-
tise corresponds exactly to the ideal line which is mathe-
matically analyzed. This ideal line is considered to
have four constants which are absolutely fixed, and
which are the same at every point of the line. Hence
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it is to be expected that there will be a departure of
experimental results from those indicated by this basic
theory. No case in which these simplifying assump-
tions are not made has ever heen completely analyzed
mathematically.

Our experimental results indicate, except for the
peculiar initial departure noted above, that the actual
progress of waves in practise follows that predicted
by theory except at the wave front. Simple theory
indicates wave fronts that diminish in height but
remain strictly perpendicular. The wave [ronts of
practise are rounded off.

The physical aerial line departs from the simple case
assumed In analysis in the following particulars:

1. Skan Effect. 2. Ground Effect. 3. Radiation Sfrom
the Line. 4. Periodicity in the Line. 5. Corona.

For transients on power cables there is an additional
modifying factor: 6. Effect of Solid Dielectric.

It is hence not yet possible for the artificial line to
yield complete information regarding the steepness of
wave front to be found on physical lines. In other
respects it gives reasonably accurate duplication, and
its use will probably increase for the study of all kinds
of transients upon networks which are too complicated
for mathematical analysis. It is of importance to in-
quire how important in practise is this matter of steep-
ness of wave front, which cannot be either experimen-
tally or theoretically determined at present.

During the system transient characterized by travel-
Ing waves we are interested primarily in the abnormal
voltages which may appear at various parts of the net-
work, their duration and the number of times theyre a
repeated. Later, during the second class of transient,
when machine constants enter as a controlling factor,
we are principally interested in abnormal currents, and
in the mechanical stresses and the switch duty thereby
imposed. During the first part of the disturbance
following a switching operation, however, we are
interested in waves of current only in so far as they
may result in abnormal voltages.

Much has been written about steepness of wave front,
and an exaggerated idea of its Importance has as a
result been popularly produced. We need consider the
steepness of a wave only as it affects the voltages
produced by the wave. Steepness of wave front even
of a current wave can in itself produce no harm.

The transformer is the usual terminal apparatus on
physical lines. This is a system with decidedly
distributed constants, containing capacity both be-
tween turns and to ground. The impact of an in-
coming wave of voltage over a line upon a terminal
transformer is in the first instant exactly equivalent
to the sudden application to the terminal or terminals
by any other means of the same voltage as that pro-
duced by the Incoming wave. By the first instant, in
this connection, is meant the time during which the
transformer transient is determined by its capacity be-
tween coils and to ground, and before appreciable
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current has begun to flow in the windings. Itis during
this period that the maximum potentials ordinarily
oceur. It makes little difference in the effect produced
whether the voltage thus suddenly applied grows to its
maximum value in one or one hundred microseconds.
The worst case that can happen for a given maximum
voltage, is to apply it directly and suddenly to the trans-
former terminals without an intervening line. The
effect of the line on the wave front can be only in one
direction, namely to decrease slightly the suddenness of
application. As far as voltage waves are concerned,
therefore, we have nothing to fear on account of steep-
ness even when the strictly perpendicular wave front
impinges upon a terminal transformer.

The presence of a long transmission line may indeed
have an important influence in connection with the
effect produced on terminal apparatus during switching,
but this influence is usually entirely apart from any
question of the steepness of wave front. When a con-
tinuous voltage, E say, is suddenly applied directly
from a generator to a pair of transformer terminals, the
voltage across the terminals very rapidly arrives at the
value E and stays there. Due to the inductance of the
source and the distributed electrostatic capacity of the
transformer, the terminal voltage will, in fact, rise
instantaneously to nearly double, and then oscillate
about its final value E. The duration of this oscilla-
tion is fortunately exceedingly brief, as it is determined
by the natural period of a circuit consisting substan-
tially of the inductance of the leads in series with the
distributed capacity of the transformer and of the
source. Hence in switching a transformer onto a
generator, we do not ordinarily have to consider, as far
as insulation is concerned, that there is any overvoltage
produced at all. It takes time as well as excess voltage
to produce a breakdown.

If now, however, a long transmission line be intro-
duced between the source and the terminal transformer,
a new condition must be considered. Upon closing the
switch a wave of voltage of height E runs down the
line. Upon arriving slightly attenuated at the trans-
former, this wave is reflected in the first instant nearly
as though the end of the line were open, for at first the
transformer inductance prevents it from drawing
appreciable current. The voltage wave is thus re-
flected and nearly doubled. This doubled voltage
then persists across the transformer until the arrival
of the next wave, or until the flow of current into the
transformer drags it down. We thus have across the
transformer terminals an overvoltage which can last
for a considerable period, and hence may be capable of
producing breakdown. The presence of the line, while
it has been able to affect the amount of voltage pro-
duced or the suddenness of its application only in a
favorable direction, has nevertheless introduced a
longer duration of the overvoltage which may be serious.

The voltages produced throughout a piece of terminal
apparatus by an incoming wave of voltage may be
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completely analyzed from a knowledge of the voltage
only. Any failure to compute the voltage produced at
any point will be due to lack of analytical ability, and
not to deficiency of premises. The system is completely
fixed once the constants of the apparatus and of the line,
and the amount of voltage, are given. The wave of
voltage is accompanied by a wave of current. Can
this wave of current, penetrating the apparatus, pro-
duce disastrous effects? Obviously it can produce
only those voltages which have already been found
from an analysis of the effect of the voltage wave. We
are interested in overvoltages. Hence if we will com-
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pletely treat the effect of an incoming wave of voltage,
we can forget about the accompanying wave of current,
knowing that we have completely taken it into account.

It follows, therefore, that the steep wave front of
current is entirely innocuous, in any case where the
sudden application of the corresponding voltage does
no harm. This may seem strange, for the impact of a
perpendicular wave of current on a piece of highly
inductive terminal apparatus looks dangerous offhand;
but reflection will show that the danger is very likely to
be entirely visionary.

A wave of voltage arriving at the open end of a line
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Fig. 10

is entirely reflected without change of sign, and hence
completely doubles. The end of the line experiences
momentarily a maximum voltage of twice the value of
the incoming wave. This maximum voltage is altered
after the first instant by attenuation and change of
wave form.

This is illustrated in Fig. 9, which is an oscillogram
of voltage at the distant end of an open artificial line of
length 330 miles (537 km.).

A wave Impinging upon a lumped inductance devoid
of distributed capacity will be in the first instant
completely reflected.
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In the oscillogram of Fig. 10, taken on a line with an
inductance load, this effect is clearly shown. Thecurve
is of current at the home end.

When a line is opened, by a switch or by a wire
breaking, the current is suddenly decreased at that
point from the previous value | to zero. A wave of
current, a depression in this case, then runs over the line
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and reduces the current to zero on the line as it goes.
Thiswaveof current is accompanied by a waveof voltage.

This is shown in Fig. 11 and Fig. 12.  In the former,
taken on the full length of the line, and interrupting
short-circuit current, the voltage at the break remains
positive, but nearly zero. In the latter, using one-
third the length of line, the current is three times as
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great so that the voltage rises to nearly twice E negative.
The maximum voltage on breaking a circuit need not
appear at the point of breaking. The voltage wave
running over the line may be nearly doubled at an
open end or a transformer winding.
A special case may occur when a line, terminating in
a transformer at the distant end and carrying a heavy
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current, 1s suddenly interrupted at the near end. In
this case the wave of voltage running over the line is
reflected without change of sign at each end, and hence
builds up continuously, and to a large extent, par-
ticularly if the line is short in length. Some of these
cases have been discussed by Wagner.
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An oseillogram for this last condition is shown in

Fig. 16

STANDARDIZATION OF FLECTRIC
POWER IN AUSTRALIA
CONSUL NORMAN 1. ANDERSON, MELBOURNE

Australia has lagged behind other countries in elece-
trical development, aund what has been done there has
been accomplished without any comprehensive plan.
The only States where attempts toward coordination
have been made are Victoria and Tasmania. At a con-
lerence between Commonwealth and State ministers,
held in Melbourne in May, 1923, it waus, therefore, pro-
posed that steps should be tuken without delay to form
a central controlling hody, coordinating the action of
State and Federal Governments. It was further sug-
gested that steps should be taken at once to form a
committee representative of the States and of the Com-
monwealth with technical advisers on the lines of the
British electricity commission.  An outline of the inves-
tigations proposed follows:

1. Determine the immediate prospective power
needs for Australia for the next 20 years;

2. Make an inventory of the resou rces, both of fuel
and of water power, available to supply the demand;

3. Mauake preparation of the general lines of a com-
prehensive power scheme for the whole of Australia,
showing the sites of the suggested power stations, and
laying down stundards to be observed in the generaticn,
etc., in all installations wherever situated, such stand-
ards to be enforced by legislation in all the States;

4. Determine the order in which the various units
of such a comprehensive scheme should be developed;

5. Formulate an agreement as to the share the Com-
monwealth should bear of the cost of preparation of
the completed plan and the installation ol the individual
units, especially the border units of such national power
scheme;

6.  Estimate the value of such 2 scheme from the
point of view of immigration, and outline the proper
methods of construction and of securing loans for the
schemes when constructed. Commerce Reports.

ELECTRICITY GENERATED IN GREAT
BRITAIN

According to a pamphlet entitled “Generation of
Electricity in Great Britain,” 5,738,718,485 kilowatt
hours of electrical energy were generated during the
vear ended March 31, 1923. The amount of the
previous year was reported as 4,884,666,039 kilowatt
hours. The data were compiled by the British elec-
tricity commission. Coal consumption per kilowatt
hour in steam plants, which generated more than 95
per cent of the total, averaged 2.78 pounds, as com-
pared with 3 11 pounds during the period ended March
31, 1922. Eight plants are dependent entirely upon
water as a source of power, while 19 others rely par-
tially on this source.—Commerce Reports.



Telephone Equipment for Long Cable Cir.cuits*

BY CHARLES S. DEMAREST

Member, A. I. E. E.
American Telephone and Telegraph Co.

Review of the Subject.—Some of the important developmenls
contemplated in the apparalus and cquipment for long toll cable
circuits are described. The large number of equipment units per
station in the cable plant and the greater number of stations in a
given length of cable than in an open-wire system, have made the
economic importance of the equipment design such thal a compre-
henstve program of development, aflecting many types of equipment,
has heen undertaken. The oulstanding features of some of the more

important of these, including the telephone repecater cquipment,
test board equipment, and signaling equipment, arc described.
The necessity for compactness in the dimensions of equipment
units, uniformity in assembly arangements, and simplicity in
design, together with the need of careful correlation of the electrical
and mechanical requirements, are emphasized. The methods

proposed for meeting these requirements generally, are described.
% ok ok x k¥

HE construction features and transmission charac-
T teristics of long distance telephone cables have
already been brought to the attention of the
Institute, but the development of suitable apparatus
and equipment for these cables has not yet been
discussed. It is the purpose of this paper to present,
briefly, a picture of what is being accomplished in
this development work.

A cable system requires a greater number of repeater
stations in a given length of line than an open-wire
system. This is because of the much smaller gage
conductors which the cable employs and the closer
proximity to each other of these conductors. Conse-
quently, in a cable system, more of the plant investment
is represented by the equipment within the repeater
stations than is the case with open-wire construction.
Furthermore, the number of equipment units per
station in a cable system is ordinarily much larger than
in the open-wire plant. This is due to the fact that the
use of long cable circuits has been desirable chiefly on
routes carrying heavy traffic where many circuits are
needed. Thus, the requirements of the cable plant
have been such as to emphasize the economic impor-
tance of the equipment.

To meet these requirements, it has been necessary to
undertake a comprehensive plan of development
affecting many types of equipment. The outstanding
features of some of the more important of these,
including the telephone repeater equipment, test
board equipment and signaling equipment are de-
scribed in the complete paper. It will not be possible
to describe many of these developments here, but some
idea of what is being done in this connection may be
given by a brief account of the progress in telephone
repeater development.

The telephone repeater, in its present form, has been
the chief factor in making long distance cable telephony
practicable. It is probable that the developments in
connection with telephone repeaters have been among
the most rapid and comprehensive of any in the toll
equipment. Furthermore, the design of the telephone

*Abridgement of paper presented al the Annual Convention of
the A. 1. E. IE., June 27, 1923. Complete paper avatlable with-
oul charge to members on request.

repeater, as now conceived, embodies features that may
be applied advantageously to much of the other equip-
ment. It will be interesting to note, therefore, the
principal steps which have been taken in working out
the form of the equipment, in this typical case, to the
degree of efficiency required in the cable plant.
Fig. 1 shows one of the original forms of repeaters,
a number of which were installed as early as 1914. In
this case the repeater apparatus was assembled 1in
boxes designed to mount on the wall, each box con-
taining a one-way amplifier. With this type of
design, the balancing networks and miscellaneous

IF1g. 1—Box TyPE REPEATER INSTALLATION

apparatus were mounted on a separate rack with the
plate batteries for the vacuum tubes in an adjacent
cabinet.

The first vacuum tube telephone repeater adapted to
commercial manufacture was of the type shown in
Fig. 2. All of the apparatus for a two-way circuit,
excepting the batteries, was mounted together on one
rack. The testing equipment and signaling apparatus
were duplicated in each repeater set and mounted on
the same rack as the repeater, together with the
balancing networks.

Fig. 8 shows the type of set which was standardized
in 1917 for use on open-wire lines. This form of set
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was a greal improvement over the earlier tvpes. It
employed, however, much of the large apparatus that

Fig. 3—StaNDARD THROUGH LINE REPEATER FOR OPEN-WIRE
' Use

was used 1in the former sets, and the testing equipme‘r}t
was required to be duplicated for each group of six

DEMAREST: TELEPHONIE EQUIPMENT IFOR LONG CABLE CIRCULTS
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repeaters.  This type of set has been used in many of
the smaller installations, but it has not met the re-
quirements for large cable installations.

Fig. 4 represents the type of telephone repeater
which is now peing developed for all classes of installa-
tions employing the two-way, two-element, or “22-type”
circuit. The illustration shows the basie repeater
unit, divested of accessory apparatus. The apparatus
mounted outside of the metal cover on the front of the
panel includes all that may ordinarily require ad-
justment. That which is mounted under the metal
covers, both on the front and rear, is such as not to
require attention unless wiring changes are to be made.

Some of the principal features of this proposed type
of set, which distinguish it from the earlier types of
repeaters, are indicated in Fig. 5. Heretofore, certain
accessory apparatus which varied in type according to
the use of the set, was assembled together with the
repeater in one unit. Several types of these repeater
units were accordingly necessary to meet the various
field conditions. Thisis to be avoided in the new design
by separating from the Lasic repeater unit such ap-
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paratus as may be required to be different under
different conditions of use, or which may be made com-
mon to a number of sets.

Fig. 6 shows the general arrangement proposed for
assembling a group of sets of the new type in a large
cable installation. When mounted in this manner,
much saving in space is effected, and average floor area
of only 1.5 square feet being required per unit, in-
cluding allowances for aisle space and associated
equipment, as compared with about 15 square feet for
the type of set shown in Fig. 1.

The advantages of this method of mounting seem
to be such that it is planned to use it for much of the
other cable equipment such as testboards and signaling
equipment, as well as for the telephone repeaters.
It seems desirable, therefore, to mention briefly some
of the features of this method which are likely to have
general application.

Fig. 7 is a general view showing how the panel
assembly method might be applied in any typical case
involving a large number of equipment units. The
supporting iron work for the panels extends from the

floor to the ceiling in order that all of the vertical
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space may be utilized. The rear aisles are made
narrower than the front aisles, since, as previously
mentioned, the apparatus not requiring adjustment is
mounted on the rear and less room is needed where the
maintenance work is less frequent. Thus, all available
space is taken advantage of, to the extent that the
floor area required per equipment unit is as small as
practicable.

FiLtens
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height is in all cases to be a whole multiple of a certain
basic dimension. By applying such standard specifi-
cations widely, it will be possible to secure inter-
changeability between panels, as well as to permit
uniform methods in grouping the different units.
This outline has been limited chiefly to the assembly
and mounting methods, for the sake of brevity. Of
course, this is but one phase of the developments in
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.'l‘he need of uniformity in the design of the many
different types of equipment units required for the cable
plant i also important. This will be accomplished
effectively in the new equipment by the standardization
of certain dimensions.  As far as practicable, all panels
are to be of a standard length designed to mount on
vertical supports spaced uniformly between centers.
The height of the different panels will vary, according
to the amount of apparatus in each unit, but this
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cable equipment. The improvements in mechanical
design are to be coupled with important ones in the
electrical circuits and power arrangements, certain of
which are described in the complete paper. These
electrical and mechanical developments are being very
closely coordinated, to insure that both shotld con-
tribute to the highest degree of etheiency in the fune-
tioning of the cable system as a whole.
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Polyphase Reaction Synchronous Motors
BY J. k. KOSTKO

Wapne

erHE reaction synchronous motor in its present form
salient-pole rotor without field coils) is one of the
oldest types of electric motors, antedating the
induetion motor by many years. At first it was used
only in connection with instruments, such as the oscil-
lograph ete.; later its simplicity and exactness in keep-
ing in step made it the standard driving motor for
rectifying devices such as are used for charging low-
voltage batteries, supplying high-tension unidirectional
current for x-ray and electric precipitation apparatus
etc., where the power may amount to several h. p.
It 1s, however, safe to say that the limit of output of the
present type is practically reached; its low weight
efficiency and poor performance are inadmissible in
motors of larger output and seem to justify the general
opinion that the reaction motor is inherently inferior
to the other types of a-c. motors.

The object of this paper is to develop the theory of
the reaction motor; to show that its inferiority is
mainly due to the faulty form of the rotor, and to
analyze a construction whose performance can be made
comparable to that of any standard type of a-c. motors.

For many reasons it can hardly be expected that
reaction motors will ever be extensively used; but the
comparative simplicity and fairly good operating
characteristics of the suggested type should commend
its use in cases where a constant speed is either desirable
or necessary, but where the amount of power involved
does not justify the complication and expense of the
standard d-c. excited motor.

THEORY OF THE POLYPHASE REACTION MOTOR

Let S (Fig. 1) be a stator magnetically symmetrical
in all directions; D and T, sinusoidal current waves
displaced 90 deg. and set up by suitable stator windings;
R, a rotor without winding, stationary with respect to
D and T, having two axes of symmetry corresponding
to D and T and magnetically so constituted that the
fluxes Fy and F, set up by D and T respectively are
sinusoidal in shape and displaced 90 deg. but the re-
luctances for F, and F, are different and such that, D
and T denoting the amplitudes of densities of the cur-

rent waves, 5—; =T/D X k, with k<1.
tion how and to what extent such a rotor can be
realized in practise will be discussed later. The
fields F'; and F', will be called ‘““direct”’ and “transverse’”’
respectively

The torque between the stator and rotor is the dif-
ference of the actions of Fson Tand F, on D; itis propor-
tional to Fu T — F/D = Fy T (1 — k), and is different
from zero if £ #1. An ordinary polyphase winding

The ques-
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sets up a current wave whose fundamental term rotates
with synchronous speed; 1if the rotor 18 brought to
synchronism, this fundamental term can he resolved
into the components 1) and 7" along the axes of the rotor,
the combination develops a torque 1,7 (1 - k) and
constitutes a reaction synchronous motor. he per-
formance is not greatly affected by the non-synchron-
ously rotating higher harmonics of the current wave
because the torque due to the action of the synchro-
nously rotating fields /', and F', on these harmonics is
zero. The fields set up by these harmonics are variable
in shape on account of the variable reluctance of the
rotor; they are to a great extent suppressed by the
squirrel cage with which the rotor is usually provided
for starting as induction motor; at synchronous speed
the torque action between these fields and the squirrel

!"

cage is small and can be neglected, as in the elementary
theory of the induction motor.

In Fig. 2, I is the stator current; I, and I, are its
components setting up the fields F', and F, respectively;
these fields generate back e. m. fs. E, and E, so that
E, = XI,and E, = k X I,, where the exciting react-
ance X of the direct field is calculated as for an induction
motor.

Performance by Circle Diagram. Let r and z be the
stator resistance and leakage reactance (slot and end
connections) per phase and ¢ = phase angle between
—lTand E.. InFig. 301 =1; the applied voltage
OFE’ is the sum of O R’ = rl, R'S' =x1, S'M’'
=FE,and S'N’'=E,. Let M'E'C’' and N’ B’ E’
be drawn parallel to S’ N’ and S’ M’ respectively.
Since FE, = X1, =XIsiny, and E, =kX I,

=kXIcosy, S'C' = L2t -

sin ¢ X1

and S’ B’

t

~ cosy k X I; this shows that if the current I
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is constant, the points B’ and C’ are fixed, and E’
moves on a circle 1 described on B’ C’ as diameter.
At B’ and C’ the resultant back e. m. f. is normal to
O I; the torque is zero; E, and E,, 7. e. I, and I, are
zero respectively, which means that at B’ and C’ the
axis of the resultant current wave coincides with one of
the axes of the rotor.

From the locus 1 of the applied voltage at constant
current I the current locus at constant voltage V is
derived by inversion with O as center and V X I as

1

Fic. 2

constant of inversion, followed by a rotation over 180
deg. around O I; this gives a circle 2 passing through
the zero torque points C and B, corresponding to C’
and B’. Since lisnormal to R’ C’ the locus 2 is normal
to the inverse of R’ C’, 1. e. to a circle 3 of radius

—Zl/r— , tangent to O X at O (O X || R’ C’) and having
its center O; on O I. This condition and the points
C and B of impedances (r,x + X) and (r,x + k X)
respectively determine the locus directly from design
data. If the core loss is assumed constant, it can be
taken into account by transferring the origin to the
point O’, below O.

At any point E the torque in synchronous watts is
V X E K, where E K is perpendicular to the diameter
C T; the proof is the same as for an induction motor.*
This gives the complete performance of the motor.

Reaction Motor Compared with the Induction Motor.
The circle diagram affords a convenient means for a
comparison of the reaction motor with the induction
motor of the same constants r, x and Xt. The com-
parison of the constant current loci of both motors
shows* that these loci (and, therefore, the current loci

*JournaL A. I K. K. April 1921, p. 326 f.

1The condition of the same constantsr, z and X is approxi-
mately satisfied if the stator is the same and the reluctance
(air gap, rotor saturation ote.) is adjusted for the same X. The
reactance z of the reaction motor, however, has no equivalent of
the tooth tip leakage of the induction motor; in the method of
calculation of the econstant k outlined below, the entire flux in
the rotor set up by the rotating fundamental current wave is
taken into account for determining the component which sets
up back e. m.fs. of fundamental frequency.

at constant voltage) are identical if X I (1— k)
X2 To

_X+x2 I’Ork=—__X+x2

= ~ x2/X, where x,

is the secondary leakage reactance of the induction
motor. Of course, such a reaction motor, having no
rotor copper loss, would be somewhat superior to the
induction motor.

Torque. The expression of the torque as a function
of the phase angle 6 (Fig. 3) between the e.m. f. E,
and the vector V = O E’ plays an important part in
questions relative to synchronizing, hunting and varia-
tion of # with factors affecting the torque, such as
voltage etc.; the latter feature is important in motors
driving rectifying and contact-making devices. Pro-
jecting the closed line O R’ S’ M’ E’ O on E, and E.
gives:

(X +z)Isiny +rTcosy = Vecosb (1)

rIsiny— (kX +x)Icosy =— Vsinf (2)
If the stator has g phases, the torque C of the motor is
qIE,cosy —qIE,siny =qX (1 — k) X Isny
X I cos ¥ synchronous watts, or, with the values of
Isiny and I cos ¢ obtained from (1) and (2), and
denoting X + x by a and k X 4+ x by b:

qg(a—b) V2
2 (r? + a b)?

X 2 (— rsin 8 + bcos 0) (asin 6 + 7 cos §)
The product of the last three factors can be written

C =

$ 03

I

Fia. 3

(@ab—1r)sin20 +r(a+b)cos26— r(a— b),which
can be transformed into N X sin 2 (6 — 8,) — r (a — b),
where N = /(1 +ab)2 +1r2(a—b)?, Nsin2 6, =
—7(a+b),Ncos260, =ab— 1. Hence:

qa-bv
C= 2(7‘2+ab)2 [NS]nZ(e—Bu)
— 7 (@ — b) ] synchronous watts (3)

C is maximum for sin 2 (§ — 6,) = 4 1; substitu-
tion in (3) gives for C,... expressions identical to those
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derived by a different method in Arnold, Wechsel-
stromtechnil, Vol. 14, 2nd ed., p. 230. 1f 2p = no. of

poles and w = 27 X frequency of the supply, the
torque in mechanical units is

C=f(0) =Asin2(0— 6) - Bit. Ibs.
g(a—b) V2N p

LY w (rr + ab)? ’

(4)

where A

ga—0)2Virp
B =0.87 w (" + a b

Performance by Calculation. Tor a given torque or
output expression (3) gives 6; expressions (1) and (2)
give I and y; the power factor cos ¢ is then given by
the relation ¢ = 6 + y.

Starting and Synchronizing. Reaction motors are
usually provided with a squirrel cage for starting as
induction motors. A study of the starting performance
would be beyond the scope of this paper; in principle,
during the operation as induction motor, a reaction
motor is not different from an ordinary synchronous

Fic. 4

motor with non-uniform reluctance (salient poles);
the difference arises only during synchromzmg, which,
In a reaction motor, must be accomplished without the
aid of the d-c. excitation. For comparison with the
d-c. excited motor it is interesting to study the synchro-
nizing under the influence of the synchronous torque
alone, the rotor being brought up close to synchronous
speed by some external means. If the velocity of the
rotor is sufficiently low relative to the synchronism,
the torque, considered as a function of the slowly
varying angle 6, is approximately given by the expres-
sion (4). In Fig. 4, let 1 be the torque f () and 2
= load torque C. assumed constant near synchronism.
On the arc M, N, M, the rotor is accelerated; on
My Ny M, it is retarded. Let s be the variable slip
of the rotor and s, its value at the end of retardation,
. e. at M,; the angular velocity of the rotor at M, rela-

tive to synchronism is If s1,>0 (under syn-

chronism), 6 increases, and the point corresponding
to the torque on the curve 1 moves towards M,. If

POLYPHASE REACTION SYNCHRONOUS MOTORS

Journal ALY K, I8,
the velocity is such that the rotor does not reach the
synchronism on the arc M, N, M., it will not reach it
at all, hecause the work of the retarding forces per
period of the curve 1 is greater than that of the accel-
erating forces. If it reaches the synchronism at a
point N,, it will overshoot it and move with an over-
synchronous speed (decreasing 0) back towards M,.
In the assumed absence of any damping effect the rotor
will pass M, with the initial (but negative) slip and
again reach the synchronous speed at a point N, cor-
responding to the same work of f(f) — C. between
M, and N, as between M, and N, (i. e. area M, N, P,

area M, N., P,). Further motion of the rotor will
consist in undamped oscillations between N, and N,;
in practise they will be damped by eddy currents and
the rotor will come to (relative) rest, 7. e., fall in step
at M.

Let 6, and 0, be the values of 6§ at M, and M,;
the greatest permissible value of s, corresponds to the
case when N, coincides with M,; it is given by

02

K2<STU)L-ILM®—QJif,orsﬁ

)]
2p . ..
= K J[f(ﬁ) — C.]d 6, where K is the moment

of inertia of rotating parts. Substituting for f (6)
its expression (4) and observing that the condition
f(6)) =f(0.) gives 6, + 0, — 26, = 7/2:

2p =

st= g ) lAsin2(8 - 6)—~ B— Cldo

01

2p )
= g lAsin (8= 0)— (B+C) (6.~ 6)]

The torque of a d-c. excited synchronous motor
having the same maximum torque is represented by a
sinusoidal curve of the same amplitude as 1 (assuming
uniform reluctance and neglecting the small constant
term analogous to B in (4) ); its period, however, is
twice as great; the area above the line 2 is twice as
great as the area M, N, M, P, M,; i. e. the d-c. ex-
cited motor will pull a given load in step at about 41
per cent greater maximum slip than the reaction motor.
This conclusion is also approximately true in the case
of the salient pole d-c. excited motor. To sum up, the
synchronizing conditions in a reaction motor are not
very good; 1t is always advisable to reduce as much
as possible the inertia of the rotating parts; accelera-
ting the rotor beyond the synchronous speed by recon-
necting the stator for a lower number of. poles may also
be considered.

ROTOR STRUCTURE

It remains now to study the rotor structures embody-
ing special features assumed in the foregoing theory.
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This study is obviously equivalent to the determination
of the constant k.

In order to increase the torque Fy T — F, D for given
D and T, it is necessary to prevent, as much aspossible,
the formation of the transverse field F.. The usual
practise is to cut out that part of the rotor where F,
would be maximum (salient pole or shuttle rotor)
but with this construction any reduction of F', involves
some loss of the useful field F,. With the polar arc
sufficiently narrow to give a good torque the weight
and performance efficiencies of such a motor are so
poor that it can be used only for very small outputs.

A much more effective and logical method of reducing
F,—used in many similar problems—is to divide th€
rotor into separate sections roughly along the lines
of the direct field; with the usual core inductions the
gaps between the sections can be made quite wide
(Fig. 10) without excessive saturation, so that F', can
be reduced to only a small fraction of its value with an
undivided rotor. The polar arc is limited only by
mechanical considerations. The mechanical problem
of building a rotor without field coils from separate
parts is, certainly, not a very difficult one, the more
so hecause the rotor is usually provided with a squirrel
cage which can be adapted for this purpose. The
method of calculation given helow shows that even
an imperfect division of the rotor improyes the output
to such extent that it becomes comparable to that of
an induction motor of the same size. To sum up, the
divided rotor with a wide polar arc can be considered
as the logical form for reaction motors; it remains only

Wig., 6

to investigate how the foregoing general theory can he
apphed Lo this construction.

With a rotor of this type the distribution of the fields
set up by the sinusoidal waves [) and 7' is not sinusoidal,
but consists of the fundamental terms analogous to
I and I of the theory, and of higher terms; the latter
are strongly damped by the currents set up by them in
the stator windings closed on the source; they can be
neglected if their amplitudes are sufliciently small,
If Fourier expansion of the field is found, the ratio of
the fundamental terms (for D~ 7T') gives the constant
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k; the amplitudes of the higher terms show to what
extent the assumption of sinusoidal fields is applicable.

In what follows the sections of the rotor will be as-
sumed to have a shape shown in Fig. 10, . e. leaving
only small openings at the periphery; the air gap will
be corrected for fringing due to these and slot openings;
the saturation of iron will be neglected, the low core
densities being both mecessary in motors excited by
reactive currents and easy to obtain on account of the
absence of field coils. With this assumption it is
permissible to consider separately the effect of the

D T
' |

|
.
A\ |

Fic. 6

direct and transverse fields. In Fig. 5 let 2s be the
number of sections per pole (in a rotor without gap
along D — D the solid central section is equivalent to
two sections in contact), D — D = axis (line of points
of zero density) of the wave D, T — T = axis of the
wave T, D and T = amplitudes of the waves D and T
(in ampere-conductors per unit angle), ¢ = equivalent
air gap in c¢cm. = corrected air gap + allowance for
iron; x — angular distance of a point from the axis
D — D, «a, and 8, = angles limiting the nth section;
28, = angle of polar arc. At a point x the current
densities of the waves D and T are D sin z and T cos x
respectively. The amplitude of the mth harmonic of
a field will be denoted by #h,.

Direct Field. It has the shape of Fig. 6. At a point

X
x (under the pole) the field /1. is qu ’ Dsinxdz

2
04=nD ) ] 047D
cosx; 1ts maximum is I/ ... .
) )
Therefore:
s
hy =4/ ‘ I, co8txdx
bt
4 I/ma Si” 2 x i
[ x/2 4

w 4 Q0

04D ,

(28, + 8in28,) (8)

)
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B
and 4, = 4/‘7rj H,.,.cosx X cosmzdzx
b
4 ['_17”(11 . . .
=0 (m*— 1) (m cos B, sin m B, — sin B, cos m B.,);
h 28, In 2 8,
hence _H _l_ o= T j— § n_B_ and hml/hl
maxr 7r
- ‘M cos B, sin m B, — sin B, cos m B,
Tomr—1 28, + sin 24,

Fig. 7 gives these two ratios as functions of per cent
polar arc; it shows that for the polar arc > 80 per cent
the loss of the direct field and the magnitude of har-
monics are small.

Transverse Field. The study of the transverse field
will be based on the principle often used in similar
problems: If the wave T acts alone, the induction in
the rotor cores is not great, which means that the field
intensity H in the cores is very low, and a rotor section
has practically the same magnetic potential at all its
points, 7. e. the potential drop is the same along any
line crossing the gap between two given sections. If
the cores carry a flux due to the direct wave D, there
may be some potential drop along this flux, but this
drop is not great, and the foregoing assumption is
very nearly true, especially in the normal case when
there is no excessive difference between the ampere-
turns of the wave D consumed in two ad jacent sections,
t. e. when the rates of the potential drop along these
sections are approximately the same. The potential
drop (ampere-turns) between the sections 7 — 1 and
n can be denoted by y, T, y. being a constant. The
permeance P, per cm. axial length of the gap between
the sections » — 1 and 7 can be found by sketching an
image of the field; it will be considered as known.*

The field H ., at a point z of the nth section is obtained
by taking the field integral along a closed path crossing
the air gap at points of equal H,, 1. e., symmetrical
with respect to D — D. It gives

*Fig. 11 shows a developed pole of the rotor of the type of
Fig. 10. The transverse field set up by the wave T consists of
lines @ crossing some or all the gaps between the sections, and
lines b crossing several times the air gap of the motor. As the
air gap of a reaction motor need not be greater than in an indue-
tion motor, the shape of the transverse field closely resembles
the no-load leakage field of the latter; the field a is similar to
and of the same order of magnitude, as the slot leakage field (the
fact that the slots in question are on the opposite member is
immaterial because the wave T is at rest with respect to this
member); but the field b is relatively much greater than the
tooth-tip field of the induction motor because the rotor surface
consists of a few broad teeth, i. e., sections (if the sections
themselves have a squirrel cage, it affects the relative strengths
of the fields ¢ and b only indirectly, by increasing the reluctance
of the equivalent air gap). Or, from a slightly different point of
view: the reluctances of the fields a and b are, roughly, in mul-
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2H,g =047 {Tcosxdw— 2X047 X;JlTy/,,,
hence
T . n
s - -0'4(IL—(s1nx— 2 Yu) (6)

1

The unknown constants y can be calculated by writ-
ing that the algebraic sum of fluxes entering a section
Is zero. Let 7 = pole pitch in em.; the flux per ¢m.
axial length entering the nth section by the periphery
0877

(e
(both ends) is 2 f H, X t/mdx = -[ cos a,

— COS Bn - (Bn - an) ??/u]-

section by thesidesis04 7 Ty, +, P, +,— 047 Ty, P,
therefore:

The flux entering this

087T 2
T [cos a, — cos B, — (B, — @,) = y.]
! 1

+047Ty,+1Po+,— 047 Ty, P, =0 (7)
0.11 T '
010 A —————— 1.0
009 l\\ S A —— ‘.—;“.‘%mx-__ —10.99
0.08 X, — —+—1098 _}
a5 g
007 A N1 L | log
-—+-- Negative
0.06 — 109
El_; \! q
005 f—AN—1— |
/f
00421 NN+ | | |
ra \ 11th
0.03 |+ —— N7 dth—————
’ b 7th
002 [ Aot
001 — /1 N drd] |
0 ==

70 75 80 85 90 95 100
PERCENT POLAR ARC

Fic. 7

For the last section the potential difference (a.t.)

between the points such as 4 and B is 1/2 f Tcoszdzx

- El Ty, =T (sinx - .?yu) and is variable with z;

tiple with respect to the m. m. f. T; theformerhavea large eross-
section and a long path in the air; the latter—a smaller cross
section and a muech shorter path in the air. With a rotor of
the type of Fig. 10 the reluctance of the field a is usually much
greater than that of the field b

These general considerations are confirmed by the analytical
expressions given below: If eq. (8) is applied to a rotor of this
type, it is found that the coefficients A depending on the per-
meances P are relatively unimportant; therefore, a great ac-
curacy in the assumptions relative to these terms is not neces-
sary. It isalso seen that beyond a certain point it is of little use
to try to improve the performance by increasing the reluctance
of the gaps between the sections; the thing to do is to inerease
the reluctance of the field b by increasing the number of sections.
An obvious consequence of the predominance of the lines b is
that the harmonics of the transverse field are very pronounced;

b}lt their action on the current wave D is zero because of the
difference of periods.
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but with a wide polar arc (and there is no advantage
in using polar arc < ~ 80 per cent) sin & varies very

Bs
4 . .
bm = 4/7rf0'—‘g7£—smxsmmxdx
little and can be given a fixed value; in what follows v

it will be assumed that sinz = ~sing8,; P,+: can 16T _ . .
then be taken into account simply by correcting the = Tm-1)g (sin m B, cos B, — mcos m B, sin B.)
polar arc for fringe; B, will denote the corrected angle.
(10)
Let P, X —721-—5_]— be denoted by A,; the eq. (7) becomes For a field of Fig. 9:
== An+ nt+ + (An + Bn - an) yn : b .
e ] hy =4/7erusmxdx
+ (Bn— @n) ZYu = COS @, — COS [, (8) . aw
1
T D 3 SEC (cos a, — €08 fs)
o v
| Bs
28 B =4/7er,,sinmxdx
. /.
/
W E lD T
Fic. 8
n—1
where A,+; = 0 for the last section and Z y. = 0 for
1

n = 1. This gives s linear equations to determine the
unknown ¥, ¥s, . . .¥.; in a rotor without gap along
D — D, y, = 0, and no equation is written for n = 1.
The expression (6) shows that the transverse field
is the difference between the field of Fig. 8 and a stepped
field in which the step between the sections n — 1 and

. 04 . . . .
n1s L gﬂ-T y.. It is convenient to consider this

D T D

=~ Y% (cosm ay— cosSmf,)

T D
; : myg
4 ‘L"r 1 ' and for the sum”of s fields of Fig. 9:
T

16T ¢

J,% L-zﬁf‘—»
' D

o, ki §= 2 y. (cos o, — cos ;) (11)
D T D g 1
Fia. 9
16T ¢
hym = — S Y. (cosm o, — cos m B, 12
stepped field as the sum of its horizontal layers, myg ly (cos m o B) (12)
. e., of i i i
i.e., of s fields of the shape of Fig. 9, in which hence, for the resultant transverse field:
B,= 24700 po the feld of Fig. 8: 04T ,
g hy =(9)— (1) = —r— (2B, — sin 28,)

ﬁS m
4/7rj UL 4 sinfzxdzx
¥ g

h,
- 162 2 Y. (cos a, — cos B,) (13)
1

04T g

== 2 s i 8 . . . .
g (28, — sin24,) ®) and similar expressions for k,, = (10) — (12).
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Finally, from

(5) and [(13) it follows by division
(forD = T):

28,~sin28,— 43y, (cos a,, — cos B,)
b — - A
28, + sin 23,

(14)

The amplitude of the resultant mth term is
V' h.? (direct) F h.* (transverse)

Ezxample.
Fig. 10 whose

The _method is applied to the rotor of
constants are: s = 2, a, = 8, = 32 deg.,

b D

PN kS
Fo _ ! %
AN A} X 7
Y T = -

{ -

Rotor
D
Fig. 11

polar arc = 28, = 72 deg. = 80 per cent of pole
pitch, ¢ = 0.021 in. The rotor cores are proportioned
so that, with)theJmax. air gap density = 40,000 per
sq. Inch the core densities are 75,000 in the section 1
and 93,000 in the narrow part of the section 2. The
drawing gives: A, = 0.029, A, = 0 017 (with per-
meances in c. g. s. system), and the equations (8) are
— 0.017 y, + (0.029 + 0.558) %, = 0.152 and (0.017
+ 0.698) y, + 0.698 4, = 0.539; they give y, = 0.273
and y, = 0.487; hence, from eq. (14), k = 0.039. To
compare this'motor with an average induction motor
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having the same stator, it may he assumed for the
latter that 0.05 is an average value of the leakage
coellicient o = (x, + x,)/X; if x, 0025 X,
the circle diagram of the reaction motor is the same as
that of an induction motor in which 2z, ke X

0.039 X, 7. e, 0 = 0.025 + 0039 = 0.064; the
maximum torque of the example reaction motor is ahout
80 per cent of that of an average induction motor of
the same size. With 6 scetions per pole it could he

~ X

‘further improved, but even with 4 sections it is several

times as great as with the salient pole type rotor.

Bibliography

1. E. Arnold, Wechselstromtechnik, Vol. 4, 2nd ed., 1013,
pp. 228-231.

2. G. Benischke, Drohfeld-Synchronmotoren ohne Gleichs-
tromerregung.  Elektrotechnik wnd Maschinenbau, March 3,
1912, pp. 177-180.

3. A. Blondel, Synchronous Motors and Converters, 1913
pp. 141-145.

4. P. Boucherot, Moteur & eourant alternatif simple syn-
chrone sans excitation continue, L’/ ndusirie Electrique, Vol. 10,
pp. 541-542.

5. M. de Coninck, Etude du couple dans les machines syn-
chrones i poles saillants non excitées, La Lumieére Electrique,
April 25,1914,

6. L. Jasse, Ueber Synchronmotoren oline Err gung, Archiv
Jir Elektrotechnik, 1913, pp. 26-48.

7. Keith D’Alton, The Synchronized Induction Motor,
The Electrical News (Toronto), October 15, 1919, pp. 39-41 and
44.

8. K. Pichelmayer, Ermittlung der Querfeldspannung bei
synchronen Einzelpolmaschinen durech den Versuch, Elektro-
technik und Maschinenbau, September 25, 1910, pp. 809-812.

9. Dr. C. P. Steinmetz, Theory and Calculation of Electrical
apparatus, 1917, pp. 260-273.

-_

Ambient Temperature Observations

BY H. T.

LANGE

Associate, A. I. E, E.
Instructor in Electrical Engineering, Washington University

MBIENT temperature according to rule 2300 of
A the A. I. E. E. Standards, “is to be measured by
means of several thermometers placed at different
points around and half way up the machine at a dis-
tance of one to two meters or three to six feet.” “The
value to be adopted for the ambient temperature during
a test, is the mean of the readings of the thermometers
(placed as above) taken at equal intervals of time dur-
ing the last quarter of the duration of the test.”

At the suggestion of Professor W. L. Upson,! tests
were made in the laboratories to check the accuracy of
this rule, and, if possible, to suggest a fixed relation
between ambient and room temperature in the case of

1. Credit is due Professor Upson for valuable suggestions and

oriticism, and to H. Sechwenk and H. L. Sain for assistance in
obtaining the data.

small machines. Two such tests were run; one on a
small motor-generator set, and the other on a medium
size steam-driven unit.

TEST ON THE SMALL UNIT

The motor-generator set consisted of a 6-kw., d-c.
generator, direct-connected to an 8-h. p. motor. The
speed was 1175 rev. per min. and the load on the
generator was held constant at 150 per cent of rating.
The unit was located 50 ft. from one end, and 20 ft.
from one side of a room 200 ft. by 60 ft. The room was
of an even temperature and free from strong drafts.
Ambient temperature was measured by means of 12
thermometers placed level with the shaft, and dis-
tributed horizontally as shown in Fig. 1. Room tem-
perature was obtained by averaging the readings of
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TABLE A
Thermometer Numbers
, Room | |

Time | Temp-. 1 2 3 4 5 6 | 7 8 9 10 11 12 Mean
0] 27.5 27.6 27.5 27 .4 28.6 28.3 28.1 29.4 28.6 28.0 28.0 27.8 27.7 28.1
15 Min. 27.5 27.2 2742 27.5 28.2 28.6 28.5 29.4 28.3 27.8 27 .4 27.6 27.5 27.9
30 Min. 27.5 27.7 27.8 27.3 28.6 28.6 28.6 29.0 28.2 27.8 27 .6 27.7 27.8 281
45 Min. 27.6 27.7 27.2 27.6 27.8 27.8 27.8 29.4 28.9 28.6 27.8 27.6 27.8 28.0
Mean 27.5 27.6 27 .4 27.5 28.3 28.3 28.2 29.3 28.5 28.0 27.7 27.7 27.7 28.0

Mean 27.5 28.3 28.6 27.7
Mean Ambient — Mean Room = 28.0 —27.5 = 0.5 deg. cent.
TABLE B
Thermometer Numbers
Room !

Time Temp. 1 2 3 4 5 6 L ‘ 8 ‘ 9 [ Mean

0 33.5 30.9 31.1 31.3 37.3 37.2 36.6 37.7 | 31.7 34.4 34.2

15 Min. 33.2 30.2 30.6 31.1 36.9 36.9 36.6 36.8 31.4 34.4 33.9

30 Min. 33.0 30.0 30.3 30.8 36.9 36.9 36.5 36.7 30.8 34.2 33.6

45 Min. 33.2 30.3 31.1 31.2 36.8 36.9 36.6 36.7 l 31.7 33.9 i 34.0

Mean 33.2 30.4 30.8 31.1 37.0 37.0 36.6 37.0 31.4 34.2 34.0

Mean Ambient —Mean Room = 34 — 33.2 = 0.8 deg. cent.

three thermometers placed around, and about 20 ft.
from the set.

0il cups, although desirable in testing large machines
of continually increasing temperature, were omitted
because the unit was of small size, and had been al-
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lowed to run long enough to attain a sensibly constant
temperature before readings were taken. Four ‘sets
of simultaneous observations, shown in Table A, were
recorded at 15 minute intervals.

The data show an average room temperature of 27.5
deg. cent., and an ambient temperature of 28.0 deg.
cent., obtained by averaging all the readings of the 12
thermometers. The difference between the two tem-
peratures is (0.5 deg. cent.

A closer analysis brings out several interesting points,
which have a bearing not only upon the actual tempera-
ture difference, but also upon the conciseness of the
ambient temperature rule itself.

The relatively small difference of 0.5 deg. cent.
shows that, for small machines, actual machine tem-
perature has little effect on ambient temperature. Had
the unit been running at only 100 per cent load, and
consequently, normal temperature, the difference of
the temperatures would have been still smaller. It is
to be expected that a small unit, generating only a
comparatively small amount of heat, has a correspond-
ingly small heating effect on its surrounding air. How-
ever, the heating effect of a large unit, emphasized by
a strong fanning action, no doubt will have considerable
effect on ambient temperature, and will depend princi-
pally upon the actual machine temperature, its size,
and the size of the room containing it.

Due to the presence of a slight draft, or to the fanning
effect of the armatures, the mean temperatures on the
four sides of the machine differ. Ior instance, the
average of readings No. 1, 2 and 3 is 27.5 deg. cent,,
of 4, 5 and 6 is 28.3 deg. cent.; of 7, 8 and 9, 28.6
deg. cent; and of 10, 11 and 12, 27.7 deg. cent. A
considerable fanning action would increase this tem-
perature difference to some extent. Moreover, the
mean value of T, is 1.7 deg. cent. greater than that
of T, although both are equidistant from the machine.
If, for instance, as a result of carelessness, a majority,
or all of the thermometers are placed on the hot side
of the machine, an ambient temperature would be
obtained which would differ by several degrees from the
correct value, and still conform to rule 2300. The
ambient temperature obtained by averaging the read-
ings on the two hot sides is 0.85 deg. cent. above that
of the two cool sides.
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These inaccuracies are, of course, small in so small a.
unit, but in a larger machine they may be greater and
thus the number and location of thermometers can be
of considerable importance.

TEST ON STEAM-DRIVEN UNIT

The machine tested is one of three 90-kv-a., direct-
connected (reciprocating engine) alternators at the
Washington University power plant. All three units
are located in the same room and the test was made
under actual working conditions. The load on the
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generator had been constant at 50 per cent of rating for
several hours previous to the test, and remained prac-
tically unchanged while the observations were being
made. _

It was impossible, because of nearby apparatus, to
place thermometers in four radial lines as in the previ-
ous case. Instead, 9 thermometers were placed at
convenient points within the 3 to 6 ft. zone as shown in
Fig. 2 and three thermometers were placed near the
engine room walls to measure room temperature.
All were hung in a horizontal plane level with the

shaft.
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As before, four observations were taken over a period
of one hour (Table B). A mean of all ambient readings
over this length of time gives a result of 34 0 deg. cent.,
with an average room temperature of 33 2 deg. cent.
The difference is 0.8 deg. cent., as compared with a
maximum value of 1.05 deg. cent. obtained on a similar
size turbine driven unit by W. B. Kouwenhoven? of
Johns Hopkins University. However, no particular
significance should be attached thereto for the reason
that, in the test described, room temperature varied
from 29.1 deg. cent., at one point, to 33 deg. cent.
near the switchboard, and jumped to 37.5 deg. cent.
at the steam side of the room. Therefore, room tem-
perature, in this test and in similar ones on direct-con-
nected, steam-driven units, is an unknown quantity
and can be varied several degrees by changing the
number or location of the room temperature thermo-
meters.

The results obtained, because of their very uncer-
tainty, show that in the case of direct-connected, steam-
driven units, however small, it is impractical and in-
accurate to approximate ambient temperature by
adding a fixed increment to room temperature.

SUMMARY

1. The actual temperature of a small machine is of
slight importance in its effect on ambient temperature.
The size of the unit is the more important factor.

2. If ambient temperature measurements are to be
uniform, it is necessary to read temperature, not merely
at different points around the machine within the 1-2
meter zone, but at points symmetrically around,
and at definite distances from the machine. Fig. 1
suggests one arrangement. If, due to nearby ap-
paratus, a symmetrical arrangement is not possible,
slight modifications should be made to fit particular
conditions.

3. The difference between ambient and room tem-
peratures as obtained in the test on the 6-kw. motor
generator set is 0.5 deg. cent. The combined capacity
of motor and generator at 150 per cent load amounted
to 18 kw. On a larger unit the above difference would
increase perhaps to 1 or 1.5 deg. cent. at 100 kw. It
seems desirable, therefore, in testing small machines
located in rooms of fairly uniform temperature, to omit
ambient temperature measurements entirely and add,
instead, a fixed increment to room temperature.

4. The method outlined in the preceding paragraph
is not applicable to direct-connected, steam-driven
generators or to machines located in rooms of uneven
or variable temperature. Under such conditions a
symmetrical or nearly symmetrical arrangement of
thermometers around the machine is the logical method
of determining ambient temperature.

2. Jour. A. 1. E. E,, Sept. 1922,



A Method of Calculating the Ampere—TurnS for Driving
a Magnetic Flux Through Wedged-Shaped Teeth

BY BORIS WOROHOFF

Technological Institute, Petrograd

HERE are several methods of calculating the
ampere-turns necessary to drive a certain magnetic
flux through wedge-shaped teeth. Some of these
methods give a very incorrect result, as, for instance,
the method by the mean value of the sectional area of
the tooth. A few other methods give a perfectly cor-
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rect result, but require much time or special curves for
every fixed form of tooth and a definite kind of material.
In Vol. 57 of Electrical World (1911 p. 111) Mr.
A. Miller Cray gives some very interesting results by
comparing different methods of calculating the ampere-
turns in the case of wedge-shaped teeth.
I propose the following method giving perfectly cor-

Fra. 2

rect results, provided we neglect the flux passing
through the slot by the tooth.

Let B: be the magnetic induction at the widest part
(I — I) of the tooth and let Bi: be the magnetic induc-
tion at the narrowest part (/1 — II).

Let B, be the induction at the cross section heing at
a certain distance x from the top. Then we have

B, = B 4 (Bll - lgl) T/L

By differentiating we have
B — By 25
d Bz =5 ( 1 — 1) L

thus

d z dB
r="75 1 z
Bu - BI ‘
For drivinga certain magnetic flux through an element
of the length d z is necessary aw, . d ampere-turns.
For the whole iength of the tooth L wil be necessary

T L B
AW=faw,dx= BII_E—fawde
0 B1

If in the case of a certain kind of iron we have a curve
expressing the dependence of B (magnetic induction)
from aw (ampere-turns for 1 cm. of length),

then

Bi1

Saw, .

B1

In a diagram the horizontal distance represents the
magnetizing forces (lcm. = a wo ampere-turns) and
the vertical distance represents the magnetic induction
(1 em. = By hauss). It will be found, that

BII - Bl == w o Bo
and we have

dB. = (areaabcd) . aw, . By

L
AW = ——— (areaabcd) . aw, . By
ad . Bo .

L

AW = — (areaabcd) . aw,
ad

Hence the solution of this problem reduces itself to the

measuring of the shaded area abcd which can be

easily and quickly done with the planimeter.

WATER POWER PROJECT IN
EASTERN ALGERIA

According to the Semaphore of July 13, 1923,
Constantine, the capital of Eastern Algeria, is to have
installed, for the benefit also of its neighboring towns,
two dams, for developing power and light. One dam at
Kreneg is to be about 115 feet high, which will provide
a storage reservoir of 41,000,000 cubic feet capacity.
The cost of this plant is estimated at 13,200,000 francs.
About 5,790 horse. power will be available. The
lower dam, called the Beni-Haroun, will be 130 feet
in height, with a canal 650 feet long. The power
available will be about 2,175 horse power and the cost
of construction 7,000,000 francs.
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The Starting of Polyphase Squirrel-Cage Motors

BY BENJAMIN F.

JAILEY

Fellow, A. I. E, E.
Professor of Eletrical Engineering, University of Michigan.

Review of the Subject.—In view of the large size of modern
power houses we should change our views regarding the need of
starters.  The different methods of starting polyphase induction
motors are briefly reviewed and the speed lorque curves oblained
wilh various types are considered. The eflect of starting current
upon line vollages, upon the motor and upon conneeled apparalus is
taken up. Il 4s shown that the performance of the compensator is
poorer than ordinarily assumed and thal the eflect upon the line
voltage is less with a resistance starter than with a compensator. 1¢
is also shown that the heating of the molor ix least when throuvn
directly on the line. The energy required wilh the various methods
is also considered. In large installations it is shown that the
considerations involved are radically different.

In Appendiz A, proof is given lhat the effect upon the line
voltage, is less with resistance starter than wilth a compensator.

In Appendiz I8 the detailed computations involved in deriving some
of the curves are given in full.
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‘x /[HEN polyphase squirrel-cage motors of
considerable size were first used, it was found
necessary to provide means to apply a lower
voltage to the motor terminals while the motor was
being started, in order to reduce as much as possible the
current and power taken from the line. If this was
not done the excessive current resulted in 2 great
reduction of the voltage of the generator which some-
times made it impossible to start the motor at all and
caused a great reduction of the candle power of any
lamps connected to the circuits.

With the large capacity power stations which we now
have, the load due to starting any induction motor of
moderate size is inappreciable so far as the generating
station is concerned. The reduction in voltage in
lamps connected to the same transformers as the motor
may still be a serious matter, although with the larger
transformers now in use this is less serious than it
formerly was. It seems that this is an appropriate
time to examine carefully into the necessity for starters
in view of the changed conditions in central station
distribution.

Many central stations have a rule to the effect that
no polyphase squirrel-cage motor of more than 5 h.p.
may be connected to their lines unless it is provided
with a starter. Many users of such motors seem to be
under the impression that something dreadful will
happen in case an attempt is made to start a good-sized
induction motor by connecting it directly to the line.
It 1s the purpose of this paper to try to dispell this
illusion and to examine carefully into the conditions
under which a starter may or may not be necessary.
It will be shown that the supposed bad effects of
throwing a motor directly on the line do not, in a
majority of cases, materialize and that in many cases,
it is better for everyone concerned to connect motors
directly to the line instead of through starters.

An examination of any price list of polyphase

induction motors will disclose that this is a question of
decided economic importance. A comparison of the
price of motors and starters will show that the price of
a compensator varies from approximately 20 per cent
to 70 per cent of the cost of the bare motor, an average
figure would perhaps be 40 per cent. If it can be shown
that a starter is not only unnecessary but is actually
detrimental to the best interests of the installation as
a whole it will be obvious that we can effect a large
saving. It is to the interest of every one concerned to
reduce the price of a motor to the lowest possible
figure. The manufacturers of motors will benefit
through the increased demand for their product. If
the cost of installation of a motorcan bereduced, say 25
per cent, the number of motors used will unquestionably
be greatly increased. The central station will obviously
benefit through the increased use of its product and it
requires no argument to show that the purchaser of the
motor receives a direct benefit.

METHOD OF STARTING

In the following diagrams and descriptions the three-
phase motor only will be considered. The remarks,
however, will apply equally well to the two-phase
motor with the obvious necessary changes in connection.
The single-phase motor is in a class by itself and no
attempt will be made to treat it here,

There are in use at the present time three distinct
methods of starting polyphase squirrel-cage induction
motors; first, by throwing them directly on the line,
second, by the use of the resistance starter and third,
by means of the auto-starter or compensator. The
star-delta method of starting may be regarded as a
special case of the latter. Most small motors are
started by connecting them directly to the line. Large
motors are almost invariably started by means of
compensators. The' use of the resistance starter is
generally confined to motors between 5 and 25 h. p.
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The first method is not shown, but the connections are
identical with those of Fig. 1, if we imagine that the
starting resistors are omitted. The switch is first
thrown to the left and the motor takes current directly
from the line through the starting fuses. As soon as
full speed has been obtained the switch is thrown to
the right and the motor is then connected to the line
through smaller fuses. The heavy starting fuses are
necessary since the motor takes a momentary current
equal to about five times the full-load running current.
The starting fuses may be omitted in case the line is
properly fused elsewhere to take care of the starting
current. It is highly desirable that the switch be so
constructed that it cannot be left on the starting posi-
tion. It is also better if the construction is such that
contact is made with the terminals of the running
fuses before contact is broken with the starting fuses
and the further movement of the operating handle
entirely disconnects the starting fuses. This avoids a
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bad rush of current when the switch is momentarily
opened and will be referred to later.

RESISTANCE TYPE STARTERS

The connections for this method are shown in Fig. 1.
The same remarks as regards the proper arrangement
of the switch apply here. There should be a position
of the switch in which the motor is completely dis-
connected, another in which the connection is made
through the resistors and starting fuses. A further
movement of the starting handle should connect the
starting resistors and starting fuses in parallel with the
running fuses and the final position should leave the
motor connected to the line through the running fuses.
The switch should be so constructed that it cannot be

left permanently in the second or third positions
mentioned.
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STARTING BY MEANS OF A COMPENSATOR

This method is illustrated in Fig. 2. A three-phase
auto-transformer is employed and is connected to the
line through heavy starting fuses as shown in Fig. 2A.
Three taps are led from the windings of the auto-
transformer to the three terminals of the motor.
Usually provision is made so that the voltage applied
to the motor may be approximately 50 per cent, 65
per cent or 80 per cent of the line voltage. After the
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motor has come up to speed the connections are changed
to those shown in Fig. 2B. The auto-transformer is
entirely disconnected from the line and the motor is
connected to the line through running fuses.

A modification of this method is shown in Fig. 3.
In this two transformers connected in open delta are
used instead of one three-phase transformer. Another
method for obtaining the equivalent of reduced voltage

when starting is to provide the motor with six leads and
connect it in star for starting and in delta for running.
By this method 58 per cent of normal voltage is applied
to each winding of the motor during the starting period.

The speed-torque curve of a motor connected directly
to the line is shown in Curve 1 of Fig. 4. At standstill
the motor develops a torque proportional to the length
O A. As it accelerates the torque increases, reaching a
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maximum proportional to B C at about two-thirds of
full speed. If the torque of the load to be driven is
represented by the line D E it finally reaches a speed
represented by E H. Itis well known that the shape of
the speed-torque curve can be varied through wide
limits by changing the rotor resistance. The curve
shown is an average one for the usual squirrel-cage
motor.

Curve 3 of Fig. 4 represents the speed-torque curve
of the same motor when started at reduced voltage by

JSpeed

A

A

means of a compensator. The torque developed in the
rotor for a given speed is approximately proportional
to the square of the applied voltage. The actual torque
delivered to the shaft is reduced in a somewhat greater
proportion since friction of the bearings is a constant
quantity. It will be obvious that the applied voltage
cannot be very greatly reduced or the torque developed
will be insufficient to start the load. Usually the
voltage of the lowest taps on a compensator is 50 per
cent of line voltage giving a torque at the shaft (taking
account of the bearing friction) of about 20 per cent of
that developed at full voltage. Since the torque
developed at full voltage varies from 200 per cent of
full-load torque to as low as 120 per cent, the delivered
torque at 50 per cent of line voltage will be from
approximately 40 per cent to 24 per cent of ‘the full-
load torque. The 65 per cent and 80 per cent taps
give of course correspondingly greater torques.

Curve 2 of Fig. 4 represents the speed-torque curve
of a motor starting through a resistance starter. In
drawing this curve it has been assumed that the resist-
ance 1s such that the motor receives exactly the
same current at standstill as it received when started
through the compensator; in other words the resist-
ance 1s such that the voltage applied to the motor at
standstill is exactly the same as in curve 8. The
standstill torque is therefore exactly the same. As
the motor speeds up however, the current taken from
the line becomes very much less and the drop over the
starting resistance therefore becomesless. The voltage
applied to the motor términals increases and the torque
developed  at any speed, except standstill, is greater
than with the compensator method of starting. The
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exact shape of the curve is dependent upon the re-
sistance and reactancé of the motor and the one
drawn can be regarded only as a typical curve for this
type of motor.

The speed-torque curve of the load to be started is
also of great importance. Curve 4 of Fig. 4 shows the
curve of a load demanding constant torque at all
speeds. This would be approximately correct for a load
having considerable friction, for example, a line shaft
driving a number of belts. Curve 5 of Fig. 4 shows
the speed torque curve of a fan. The torque required
should theoretically vary in proportion to the square of
the speed. In practise there is added to this an
approximately constant torque necessary to overcome
the friction of the bearings. A third type of load is
one having no friction whatever, but only inertia. A
heavy flywheel mounted on ball bearings approximates
this condition. If all friction could be eliminated the
torque required would be zero and the line O D would
correctly represent the speed torque curve.

The horizontal distance between any one of these
load speed-torque curves and any one of the curves
1, 2, or 3, represents the torque available for accelera-
tion. The load of course develops a back torque due
to its inertia, exactly equal to the horizontal difference
between the two curves considered. The time required
to bring the load up to full speed is a function of this
difference and the inertia of the load.

EFFECT OF STARTING CURRENT UPON LINE VOLTAGES

The current taken in starting an induction motor
causes a reduction in the line voltage. If the constants
of the line and of the transformer, if one is used, are
known, this reduction can be computed by the method
shown in Fig. 5. In making this diagram the effect of
resistance has been ignored since this is usually a
minor factor compared with the reactance.
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In Fig. 5 the line voltage before the motor is connected
to the line is represented by the vector O E. The vector
O I represents the starting current lagging by a large
angle behind O E. For the purpose of analysis this
current may be regarded as divided into two com-
ponents; the component O I, in phase with the line
voltage and the current O 1, lagging 90 deg. behind the
voltage. Each of these components generates a voltage
at right angles to itself and proportional to the reactance
of the line and transformers. These voltages are
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represented by X I, and X I,. The terminal voltage
applied to the motor then becomes O E’. The effect
of connecting the motor to the line has then been to
reduce the voltage from the value O E to O E’. It will
be noted that the component X I, has but small effect
upon the absolute value of the line voltage since it is
at right angles to it, but the component X I, is directly
subtracted from the line voltage. It is therefore
apparent that the lagging or wattless component of
the starting current is the one that is mainly instru-
mental in influencing the line voltage.

In case the resistance of the line is high we can readily
take account of its effect by adding another vector,
equal to the resistance of the line multiplied by the
total current and in phase opposition to the -total
current O I. The fact that the bad effect of the starting
current is due primarily to the lagging component of
the line current is of importance and will be referred to
later.

ErrEcT UPON CONNECTED APPARATUS

It now becomes necessary to consider in some detail
the various effects of starting by the three different
methods indicated. In some cases it is impracticable
to connect the motor directly to the line on account of
possible injury to the connected machine. For
example, some motors give as high as 200 per cent or
even more starting torque and a maximum torque of
perhaps 300 per cent. If such a motor is connected
to its load by means of a belt, the belt may slip exces-
sively during the starting period. This will be partic-
ularly true if the belt and pulley are of insufficient size
or if proper provision is not made for tightening the
belt. The bad effects will be particularly noticeable if
the connected load has large inertia. A typical
example of this would be a motor belted to a punch
press by means of a vertical belt, the punch press
being equipped with a heavy flywheel. Such cases
should in general be taken care of by the provision of
ample belt and pulley capacity.

Usually the torque developed by a squirrel-cage
induction motor is low enough so that no fear need be
entertained that the connected machine will be injured
by the rapid starting. So far as the motor-is concerned
any polyphase induction motor built by a reputable
manufacturer will readily stand the strains imposed by
starting at full voltage.

HeATING

The first thought of nearly anyone who has not
given the subject detailed consideration is that a motor
will heat excessively if started by throwing it directly
on the line. The exact reverse of this is true. The
heating will be far less if the motor is thrown directly
on the line than when started by any other method.
fl‘he starting period is so short that practically no heat
is carried- away from the motor by radiation. The
rise In temperature of the motor during starting is
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proportional to the average loss multiplied by the
time, and since the losses are mostly copper loss the
heating is proportional to I?’R T. If the starting current
is reduced to say one half its locked value by means of
a compensator the rate of heating will be reduced to
one quarter. The starting torque, however, is also
reduced to one quarter and if the load consisted of
inertia only, that is, if all friction could be eliminated
both from the load and from the motor the time
required to start would be four times as great. The
rise in temperature of the motor would then be exactly
the same whether started at full voltage or at reduced
voltage. Practically, it is of course impossible to
eliminate friction and it will be readily seen from Fig. 4
that under the assumed conditions the time required
to start will be more than four times as great, since
only the excess of the starting torque over the frictional
torque is available to produce acceleration and therefore
the heating will be greater when the motor is started
at reduced voltage.

As an extreme case, if the starting torque were so
greatly reduced that it became less than the static
torque of the connected load the motor would refuse
to start at all and the rise in temperature would in
time become excessive. So far as heating of the motor
is concerned, there is therefore nothing to be gained
by using a starter. In fact, if it were necessary to
reduce the heating of the motor during starting it
could be done by using an inverted auto-starter which
would apply more than line voltage to the motor during
the starting period.

STARTING CURRENTS

The Compensator. If we start a motor by connecting
it to the line through auto-transformers the current
taken by the motor is reduced nearly in proportion to
the applied voltage. The torque of the motor is
reduced approximately in proportion to the square of
the applied voltage. The current taken from the line
is less than the current in the motor in the ratio of the
reduction of the voltage and therefore both the line
current and starting torque are reduced in the same
proportion, namely in proportion to the square of the
applied voltage divided by the line voltage. This,
however, neglects the losses in the auto-transformer
and the static torque of the bearings of the motor. We
thus arrive at the conclusion that neglecting the losses
in the compensator and the bearing friction of the
motor, the torque delivered is proportional to the line
current, or the amperes per foot pound torque is
constant. Similarly, it will be apparent that the watts
per foot pound torque is constant. Actually, the line
current and -watts will be greater than indicated by the
above ratio and the effective torque of the motor will
be less.

To show these facts in-an aetual case a 10-h.p.,
1800-rev. per min., 3-phase, 60-cycle, 220-volt squirrel-
cage induction motor was tested in connection with a
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10-h. p. compensator. When the motor was connected
directly to the line the results were as follows:

Volts Amperes Kilowatts Torque

220 189.5 40.0 98.5

The motor was then connected to the 65 per cent
taps of the compensator and the corresponding readings
taken on both the line and the motor sides of the

compensator. The results were as follows:
Volts Volts Amperes Amperes Kilowatts Kilowatts
Line Motor Line Motor Line Motor Torque
220 134.7 75 110 15.7 13.9 25

It will be seen that the current taken from the line
was reduced from 189.5 amperes to 75 amperes. In
accordance with the above analysis the torque should
be reduced in the same proportion or to 39 1b. ft. The
actual torque developed was 25 1b. ft. or 64 per cent of
the theoretical value. A similar computation can be
based upon the fact that the kilowatts from the line
were reduced from 40 to 15.7 giving an almost identical
value for the torque. It will thus be apparent that the
introduction of a compensator increased the amperes
and the kilowatts per lb. ft. of torque about 56 per cent.

The results of the computation can also be expressed
as follows:

Theoretical current to give 25 Ib. ft., 47.8 amperes.
Actual current to give 25 lb. ft., 75 amperes.
Excess of actual over theoretical, 56.8 per cent.
Theoretical kilowatts to give 25 1b. ft. torque, 10.15.
Actual kilowatts to give 25 Ib. ft. 15.7.

Excess of actual over theoretical, 54.8 per cent.

It may be of interest to note that the above ficures
show that the efficiency of the compensator is 88.5 per
cent. An independent test made by a somewhat
different method showed an efliciency of 87.3 per cent.

As these results were surprisingly unfavorable to the
compensator it was thought well to supplement them
by other tests. A test was made upon a i15-h.p,
1200-rev. per min., 3-phase, 60-cycle, 220-volt squirrel-
cage induction motor with its starter of corresponding
rating. Both motor and starter were built about 15
years ago and are of much more liberal design than
modern machines. The results are shown in Fig. 6.
Tests were made on all three taps with which the motor
was equipped and also with the motor directly on the
line.

The straight line running from the origin gives the
value of the line current that would be required if the
losses and leakage of the transformer and the bearing
friction of the motor could be ignored. This is the
current that is ordinarily assumed in discussions of the
use of compensators. The actual line current is shown
by the curved line marked line current. The third is
the motor current or the current that would be taken
from the line if a resistance starter were used. The
fourth curve 1s the ratio of the “‘theoretical’”’ current
and the actual line current, and for lack of a better
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name has been called the “‘current efficiency” of the
compensator. It will be seen that even with a very
liberally designed compensator the results fall decidedly
below 100 per cent, although they are much better
than in the case of the other compensator tested.

It is of course obvious that the above two tests by
no means exhaust the subject of compensator efficiency.
They serve however to give an indication of the results
to be expected in practise.

The arrangement shown in Fig. 3 in which two
single-phase auto-transformers are used instead of one
polyphase transformer is in common use. With this
arrangement there is a further reduction in torque due
to unbalanced voltages. The currents in the line
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also become somewhat unbalanced. This effect 1s not
very serious but is nevertheless decidedly appreciable.

If the connected load has a small starting torque
for example a fan load) the initial current taken from
the line can be quite materially reduced by using a
compensator for starting. If the load, however, has
a high static torque it is frequently necessary to impress
85 per cent of the line voltage upon the motor terminals.
If the impressed voltage is 85 per cent of the line voltage
the starting current taken from the supply mains with
a perfect transformer would be 72 per cent of the current
which the motor would take without a starter. Al-
lowing for the losses in the starter and the possible
unbalancing of the voltages the actual current will be
from 80 to 90 per cent of the locked current and the
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torque developed allowing for the friction of the motor
about 70 per cent of the locked torque. In the case
of a motor starting a heavy load, it will be well
worth while to consider whether a possible saving of
10 to 20 per cent of the momentary starting current is
worth while in view of the expense and complication of
a starter.

As the motor speeds up the difference between what
the motor would take if thrown directly on the line and
what is taken from the line through the compensator
rapidly becomes less and in fact if a motor carrying full
load is allowed to accelerate to its highest speed the
current taken with the starter will become greater than
that which would be taken without it.

There is another point in this connection however
which is not generally known. The greatest current
taken from the line in starting a motor by means of
the usual compensator occurs not when the switch is
first closed with the motor at rest, but at the moment
when the motor is disconnected from the starter and
thrown directly on the line. The magnitude of this
latter current depends upon the exact instant when
the transfer is made and the length of time required in
changing the connection. The momentary rush of
current when the motor is finally connected to the line
may be as much as four times the locked current which
the motor takes when connected with the line at
standstill. Thus, if a motor took a maximum of 100
amperes at standstill when connected directly to the
line it might take an initial current of say 50 amperes
when connected through an auto-starter. The momen-
tary current when the starter is thrown from the starting
to the running position might be as high as 400 amperes
or more. With large motors, instanceshave been known
of the starter and motor being injured due to this
momentary enormous current.

The explanation is simple. When the motor has
been running at reduced voltage and is disconnected
from the line the stator current of course drops to zero,
but the rotor current continues to flow for some time.
As soon as the motor is disconnected, the flux of the
motor begins to decrease and this decrease induces a
voltage which tends to keep the rotor current flowing.
The rotor therefore continues to revolve and the
rotating field revolves with it, but at a speed less than
synchronous speed. The rotating flux generates a
voltage in the stator, the frequency of this voltage
being of course somewhat less than the line frequency.
The phase relation of the line voltage to the induced
motor voltage is therefore constantly changing and the
two voltages will not in general be in phase opposition
when the motor is finally thrown on the line. The
result is therefore similar to that which would follow
if an attempt were made to connect a synchronous
machine to a supply circuit without attempting to
synchronize it. If the two voltages happen to be in
phase coincidence the condition will be the worst and
there will be a very large momentary rush of current.
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If they are in phase opposition the condition will be
the best possible and the rush of current will be com-
paratively small. It is probable that the period during
which this excessive current flows is so short that the
effect upon electric lamps connected to the same circuit
is more or less negligible, but it is obvious that the
sudden reduction in voltage due to this large current
may have a serious effect upon connected synchronous
machinery and may set up a surging in such machinery
which will have a considerable disturbing influence.

This phenomenon is fully treated in an article by
R. E. Hellmund, TRANSACTIONS of the A. I. E. E,
February 16, 1917.

The Resistance Starter. Turning to theresistance-type
starter it will be seen that the initial starting current
in the motor for the same torque developed will be the
same as with the compensator, but the line current
will of course be greater, being the same as the motor
current. With the same assumption as previously
made, namely, that the terminal voltage on the motor
is 85 per cent of the line voltage, the resistance type
starter would take 85 per cent as much current as
would be taken by the locked motor. As was pre-
viously shown the current taken by the compensator
would be from 80 to 90 per cent of the locked current.
Starting on the high-voltage taps of the compensator
the line current taken is not much less with the com-
pensator than with the resistance-type starter. If the
iron of the compensator is worked at a high density,
so that the magnetizing current of the compensator is
large, the current may be less with the resistance
starter. The relation between the two is shown in
Fig. 6.

As was shown previously however, it is not the
current alone which is of importance in determining
the degree to which the line voltage will be disturbed
but the wattless component of the starting current.
It can be readily shown (see appendix A) that the
wattless current at start in the two cases is exactly the
same provided we neglect the losses and the leakage
reactance .of the auto-starter. Actually the wattless
component of the starting current is decidedly greater
with the auto-starter than with the resistance type
starter.

Thus in the case of the motor first considered, the
line current was 75 amperes. It can be readily shown
that the power factor or cosine of the angle of lag was
0.55. The sine of the angle of lag was 0.836 and the
lagging component of current 0.836 X 75 = 62.7 amperes.

The same motor with a resistance starter takes 110
amperes at 220 volts to develop the same torque. The
power [actor however rises to 0.86 and the sine of the
angle of lag is 0.513. The lagging component of
current 1s therefore 0.513 X 110 = 56.5 amperes. The
wattless component of the line current is therefore in
this case only 90.2 per cent as much with the resistance
starter as with the compensator.

Fig. 7 shows the relative value of the wattless
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components of current for the compensator and the
resistance-type starter in the case of the second motor
tested. From Fig. 6, the wattless components of line
cwrrents were computed in the case of both the resist-
ance-type starter and the.compensator. It will be
seen that the wattless component, which is mainly
responsible for the drop in line voltage when a motor is
started, is materially larger with the compensator.
The method of computing the points for the curves of
Fig. 7 is explained in detail in appendix B.

To confirm the above conclusions, tests were made of
the drop in voltage when the same motor was started
first with a compensator and then with a resistance
starter. The motor current and the torque developed
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were the same. No difference could be detected in the
momentary drop in the two cases but the disturbance
was of shorter duration with the resistance starter.
We may conclude that the drop in voltage when a
motor is started is very nearly the same whether a
compensator or a resistance starter is used.
Frequently the case is even more favorable for the
resistance-type starter since these are usually so
constructed that a relatively high resistance is inserted
at the start and this is gradually cut out until the
motor starts. The motor is therefore started with the
minimum possible disturbance to the line. Moreover,
even though no provision is made for cutting out the
resistance gradually, the motor need never be entirely
disconnected from the line. There is, therefore, no
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reason for a large momentary rush of current as des-
cribed in connection with the compensator method of
starting. ﬁggﬁ

It should be mentioned, in justice to the compensator,
that in the case of compensators for large motors,
provision is sometimes made so that the motor is
never entirely disconnected from the line and this
large momentary rush of current is therefore avoided.
This is done, however, only with a considerably
increased expense and complication.

In this connection it may be of interest to note that
the Carnegie Steel Company of Duquesne, Pennsylvania
1s now attempting to do away with all auto-trans-
formers in motors up to 100 h.p. Resistance-type
starters are being used instead. It is stated that in
one instance a 200 h.p. motor is being operated with a
one step resistance starter without any difficulty
(see Proceedings of the Association of Iron & Steel
Electrical Engineers for 1921. Page 291.)

Star Delta Starting. The star-delta method of
starting has several points of advantage when it can
be used. The voltage across a winding at start is 58
per cent of the line voltage. The torque is, however,
reduced in proportion to the square of the applied
voltage or to one third of the locked torque. A simple
caleulation will show that the current is reduced in the
same proportion. By using this method the expense
of transformers and the loss incident to their use is
avoided. The method however is inflexible in that
only one value of starting torque can be obtained and
that only one third of the locked torque. Unless the
starting load is light it is therefore usually impossible
to make use of this method. The cost of bringing out
the leads and providing a delta winding for the motor
1s also considerable.

It may be worth while noting that in the case of
two-phase motors, by providing two separate circuits
in each phase it is possible to obtain a starting torque
of one quarter of the locked torque with one quarter
of the locked current or one half of locked torque with
one half of locked current depending upon the con-
nection used. To obtain one half the torque at starting
requires a change from the series connection to a so-
called box connection.

ENERGY REQUIRED

The power taken from the line will be greatest when
the first method is used, namely, connecting the motor
directly to the line. The time required to start is
however so much reduced that the energy required
will be less with this method than with either of the
others.

Comparing resistance type starting with that by
means of a compensator it will be obvious that the
resistance method requires a greater amount, both of
power and of energy. This is of course due to the
loss in the resistors employed. Unless a motor is
being continually started and stopped the actual
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difference in the power bill will be inappreciable.
This will be particularly the case when the starting
conditions are severe.

In considering the bad effect upon voltage regulation
the lagging component of the current is not the only
element that should be taken into account. If the
current alone were considered the compensator would
be hopelessly outclassed, since, as previously shown,
momentary current may reach a very high value.
The time during which the current lasts should also be
considered. It is difficult to say what the exact
criterion should be. If we assume however that the
bad effect of the voltage disturbance is proportional to
the product of the wattless current and the time during
which it flows, it will be apparent in view of what has
been said that the disturbance will be least when the
motor is thrown directly on the line, somewhat greater
with the resistance-type starter and greatest of all
with the compensator method of starting. The author
would not care to maintain that the product of the
wattless current and the time is necessarily the best
criterion, but it is perhaps as good as any that we
know of at the present time. The question is a very
involved one so far as the effect of poor regulation
upon lighting is concerned on account of the psycho-
logical effects involved.

EFFECT IN LARGE INSTALLATIONS

So far, we have considered starting as applied to a
single motor only. “When a large number of motors
are supplied from the same transformer or other source
the conditions become radically different. Suppose,
for example, that a single transformer feeds three
motors of respectively 714, 50 and 100 h.p. The
installation rules of most central stations require that
all these motors be provided with starters. Perhaps
some companies would even insist that these starters
be of the compensator type to avoid the supposed bad
effect of the larger starting current taken by the resis-
tance-type starter. The fallacy of this supposition
has been previously shown. It is difficult to under-
stand why the 50-h. p. and the 714-h. p. motors must be
equipped with starters when the maximum current
which the 50-h. p. motor can take when thrown directly
on the line is less than that taken by the 100-h.p.
motor starting through a compensator and that of the
714-h. p. motor is far less. Some companies, notably
the Philadelphia Electric Company have been far-
sighted enough to recognize this fact. The rules of
the above mentioned company state ‘“Where an in-
stallation consists of a number of motors, the starting
device may be omitted from any motor which, with the
starting device omitted, would have a starting current
less than the permissible maximum for the largest
motor (other than a fire pump motor) in the
installation.”

It is possible to go still further and show that when
a large number of motors are installed in a factory the
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maximum current and the maximum kilowatts taken
from the supply lines will be less if the motors are
thrown directly on the line than if starters are used.
This condition arises from the fact previously mentioned
that the ampere seconds and the kilowatt seconds
required to start a motor are both less when the
motor is thrown directly on the line than when it is
started through a starter. It is true that the peak both
of eurrent and kilowatts of a single motor is greater
without a starter, if we neglect the momentary peak
which occurs when the motor is thrown from the
starter to the line. It is obvious however that in a
large factory the motors will not all be started at the
same instant. The peaks of the motor starting loads
will therefore not coincide and the maximum peak for
the factory as a whole will in many cases be less with-
out than it would be with starters. Certainly this will
always be true for a large system. It may or may not
be true for a small factory depending upon the number
of units installed and their relative sizes. In a paper
by P. M. Lincoln, printed in the TRANSACTIONS of the
A. I E. E. June 27, 1912, are given the results of an
investigation carried out to find the effect of a starting
load of induction motors upon a large power system.
Mr. Lincoln investigated the case of nine large mills.
The number of motors installed in the different mills
varied from two to 257. The size of the motors varied
all the way from very small ones to 200-h. p. In only
two cases was there any excess demand either in kilo-
watts or in kilovolt amperes during the starting period
over the running period. The two exceptions were in
the case of factories in which only two and three motors
respectively were installed. The biggest excess
amounted to 50 per cent in kilovolt amperes and in this
case the installation consisted of one 200-h. p. and one
100-h. p. motor. The results clearly indicate that in
an average factory installation having five or more
motors we need anticipate no peak whatever of either
current or voltage during the starting period in excess
of the normal full-load peak of the factory. It is true
that in the cases investigated by Mr. Lincoln the motors
were equipped with starters. It is evident that in
view of the fact that the motors would not all be started
at once that substantially the same conclusions would
have been reached if no starters whatever had been
provided.

CONCLUSIONS

In view of the above facts it seems clear that it is
entirely practicable to dispense with starters for poly-
phase squirrel-cage induction motors in a great major-
ity of cases. No harm will come to the motor. The
voltage regulation of the system in a majority of cases
will be just as good as it was before and will be even
better in the case of large installations and the pur-
chaser of the motors will have saved a large sum of
money and will be spared a large amount of trouble
due to the derangements to which starters are liable.
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10t is felt that some form of starter must be used to
protect connected machinery against too rapid accelera-
tion the resistance-type starter produces rather less
line disturbance, is cheaper but takes somewhat more
power from the line.

It is perhaps well to add that the writer has no con-
nection with any manufacturer of motor starters.

Appendix A

Assume that the ratio of the voltage applied to the
motor to the voltage of the lineis K. If the transformer
used had no losses and no leakage flux, we should have
I, =KI,

In which I, is the line current and I, is the motor
current.

Also if E, and E,, are respectively the line voltage
and the motor voltage E,, = K E..

With the rotor locked, if the motor has an equivalent
resistance of R and a reactance of X , the motor current
will be

o AR
" VR X
and the line current will be
K*E,
I, = ———
v R+ X2

The wattless component of the line current will be
obtained by multiplying the current by the sine of the
angle of lag or

K2E1____ . x K*XE,
VR +X* R4+ X R4 X

If in the resistance type starter we use a resistance
R ., such that the motor current is the same as with the
transformer (giving of course the same starting torque)
we have

Ilw=

I 7 e B ‘]{E_‘__
" VEYR+X  VERix
and as before
Ln=1 2 SO
Y VRYRA+ X VERETRI4X
__ XE,
~ R+ R+ X?
_ R* + X?
But R+ R?+ X2 = - K and
B KZXEI_
IL'”_ R2+X2

Thus for the same torque developed the wattless
component of the current taken from the line is the
same whether a motor is started through a compensator
or by means of a resistance starter, provided the com-
pensator has no losses and no magnetic leakage. In
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actual practise the compensator will draw ahout 10
to 15 per cent more wattless current from the line
than the resistance starter.

Appendix B

The curves of Figs. 6 and 7 are based upon the fol-
lowing data:

Volts Amperes IKilowntts
| |
Taps | Line Notor Line | Motor l Line l Motor | Turque
Line | 220 | 220 | 102,00 98 2 20 1 19.8 16.28
1 220 171 [ 625 755 Y2 47 LLoan 26 50
2 220 | 128 319 54 0 ¢ .50 n8 1271
3 290 8356 | 151 32.2 | 256 1.O8 | 450

The voltages of the circuit used in obtaining these
readings were well balanced. In every case the read-
ings of all three phases were taken and the values given
are the averages.

Curve 1 was obtained by drawing a straight line
through the point representing 45 28 pounds-feet and
98 2 amperes. It gives the line current with a perfect
transformer for the particular motor tested.

Curve 2 was plotted by using the actual torques and
the line currents required to produce them.

A B

-

el

/r e !

o 1

2> '

sl i

3 D
Fic. 8

Curve 3 was plotted in a similar way using the motor
currents. It gives also the line current required if a
resistance-type starter is used, since in this case, the
motor current and line currents are equal.

The points of Curve 4 were obtained by dividing the
ordinates of Curve 1 by those of Curve 2. It indicates
how well the compensator performs its funection of
reducing the current taken from the line.

A comparison of Curves 2 and 3 will give the relative
line currents taken by the auto-starter and the resist-
ance-type starter. For large starting torques the
resistance starter takes but little more current and for
very great torques may even take less than the com-
pensator.

But as pointed out it is not the line current that is of
importance but the wattless component. This can
be readily computed in any case. Thus, consider the
data taken with tap 2.

The cosine of the angle of lag (when the compensator
is used) is given by

cos f = ———2590-—— 0.488
220 X v/ 3 X 34.9 '
sinf = +/1-— (0 488 = ( 872
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Then wattless component of line current = 34.9
% 0.872 = 30.4 amperes.

Fig. 8 represents the voltage relations in the case of
the resistance starter. If O D represents the phase of
the current the motor voltage will lead by an angle 6,
as shown. The drop over the starting resistance will
be A B and the applied voltage over the motor and
resistance will be O B. Then

5800
128 X +/ 3 X b4

cos 8, =
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sin 6, = v/ 1— 0.486> = 0.873

AC =0.873 X128 =111.8

sin 6. = 111.8/220 = 0.508
Wattless component of line current = 0.508 X 54.0
= 27 .5 amperes.

The other two points were computed in the same
manner. The results show that the wattless current
taken from the line with the resistance-type starter
is decidedly less than with the compensator. With a
perfect compensator the currents would be the same,
as proved in Appendix A.

The Use of the Scalar Product of Vectors in Locus Diagrams

of Electrical Machinery”
BY VLADIMIR KARAPETOFF

Fellow, A. I. E. E.
Professor of Electrical Engineering, Cornell University

OST engineers interested in alternating-current

apparatus are familiar with the usual represen-

tation of currents and voltages by means of
vectors. Such vector diagrams are in common use in
the treatment of transmission lines, transformers,
alternators, etc. When the performance of a machine,
say of an induction motor, varies, due to a changing
load, the end of the current vector describes a curve.
When this curve can be predetermined, and especially
when it is a circle, the study of the performance of that
particular machine is much simplified and the electrical
relationships are readily visualized. Such locus dia-
grams are used to a considerable extent for the induction
motor and for certain types of alternating-current com-
mutator motors.

The purpose of the present article is to show the ad-
vantages of the branch of mathematics known as Vector
Analysts in the deduction of alocus diagram, over the
usual method involving plane geometry and trigonom-
etry. The proofs are shorter and the relationship
between the physical and graphical concepts is more
direct. In order not to repeat the well-known theory
of alternating-current motors, the present article is
written with reference to Mr. John I. Hull’s paper
“Theory of Speed and Power Factor Control of Large
Induction Motors by Neutralized Polyphase Alterna-
ting-Current Commutator Machines,” A. I. E. E.
J OURNAL, Vol. 39, 1920, p. 458. A number of standard
diagrams will be found in his paper which can be
readily proved by Vector Analysis. As a matter of
fact, the present article originated as a brief discussion
of Mr. Hull’s paper. It is not necessary to read his
paper in full in order to understand the method pre-

sented in this article, because his diagrams are used only
as examples.

*Manuseript of this paper received at A. I. E. E. Head-
quarters, January 31, 1921.

The only concept from Vector Analysis that is needed
here is that of the scalar product of two vectors. By
definition, the scalar product of two vectors, a and b, is

a-b=abcos(a,b) (A)
In this expression the letters in bold face type represent
the vectors themselves, that is quantities which possess
both magnitude and direction, while the letters in
italics stand for the lengths of these vectors (scalar
values), without any reference to their directions in the
plane. Cos (a, b) is the cosine of the angle between
the two vectors. The dot between a and b signifies
the scalar product, or the presence of the cosine of the
angle, and should never be omitted. Some authors
even call the scalar product the ‘“‘dot” product, to
distinguish it from another product of two vectors with
which we are not concerned here.

The scalar product of two vectors is a scalar quantity
and has no direction. A well known example is that of
a force F and of the work 1 done by it on a path s.
The usual mode of writing is W = F s cos (F, s), while
in Vector Analysis the relationship is simply written as
W = F .s. Here both F and s are vectors, while W
is a scalar quantity. .

From the definition of the scalar product it follows that

a.-b=20 (B)
when two vectors are at right angles to each other. It is
this particular method of expressing two mutually
perpendicular vectors that is valuable in the deduction
of circle diagrams of electrical machinery.

This article is also a plea for a wider use of Vector
Analysis in electrical engineering, and the author hopes
that other parts of this method will be found equally
useful. Dr. Coffin’s little book on the subject (pub-
lished by Wiley’s) will be found an excellent introduc-
tion to the subject, and it contains a list of more ad-
vanced works.

In the following discussion a curve, such as M N in
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Fig. 1, is referred to an origin, O, and points on the
curve are defined by the variable vector r from the
origin. Since r implies both magnitude and direction,
no other coordinate is necessary. A given point on the
curve, say P, is determined by a known vector A from
the origin. A chord, such as P (@, is the geometrical
difference of r and A, or

PQ=r—A (C)
Geometric addition or subtraction is always understood
in equations which contain vectors.

Fra. 1 Fia. 2

THE CIRCLE DIAGRAM

Proposition 1. Let a circle of diameter D (Fig. 2)
pass through the origin 0. For any point, such as Q,
the vectors D — r and r are at right angles to each
other. Hence the equation of the circle is

D—r) .r=0 (1)

¥ Proposition 2. L a ecircle (Fig. 3) be given tybe
vectors D, and D, so as to determine one of its diame-
ters. The vectors (D, — r) and (D — r) are at right

Fic. 3

angles to each other; therefore the equation of the
cirele 1s

(Di=r) . (D:~rx) =0 (2)

These two propositions will now be applied to a
proof of the circle diagram of the induction motor.
In Fig. 4 the same notation is used as in Fig. 1 of Mr.
Hull’s paper, viz., A H = I, is proportional to that
part of the total primary flux which would be trans-
mitted into the secondary, if the primary current were
acting alone. The total primary flux, tothe same scale,
is proportional to A I = al, where the primary
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leakage coefficient a, > 1. Similarly HG = [ K is
proportional to the transmitted secondary flux, and
H D = ay1, is proportional to the total secondary
Hux, where the secondary leakage coefficient a, > 1.
Using geometric addition we see that

a1, 4+ L ) (3)
where A I/ = [, is proportional to the actual flux link-
ing with the primary, when hoth the primary and the
secondary circuits are excited. Neglecting the primary
ohmic drop, I,, is constant and normal to the vector
E, of the applied voltage. Similarly

I, +a.1, I, (4)
where A ) = I, is proportional to the actual flux link-
ing with the secondary, when both the primary and
the secondary circuits are excited. The physical
conditions in the machine are such that I, is perpendicu-
lar to I, that is, the only free voltage left in the second-
ary is used up in its ohmic drop. Thus, in vector nota-
tion

by X = £ (5)

Eliminating I, from equations (3) and (4) and solving

Fic. 4

the resultant equation for I,, we get the following vee-
torial relationship:
g I2 = al I.i— Im

(6)
where (6a)

The coefficient o is known as the dispersion factor of
the machine.

Equation (5) becomes

(IL—-1./a) -1, =0 (7

Comparing this expression to equation (1) we see
that point D moves on a circle, the diameter of which,
A B, is in line with A E, and is numerically equal to
I./a,.

To find the locus of point H, which is that of the
primary current, we again use equation (5), only we
how express I, and I, through I, using equations (3)
and (4). The result is

(In/ai— 1) - (@ 1./~ 1)) = O (8)

Comparing this expression with equation (2), we
see that the locus of I, is a circle passing through point
B, for which D, = I, a1, and through another point
on the same line, for which D;, =a,1,./0. The first
point corresponds to the no-load current, the second

o = 0,0, — 1
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to that of an ideal short circuit, without any ohmic
resistance.

While this problem of finding the loci of points D and
H can be solved in the well known manner by elemen-
tary geometry, it has been selected as the first illustra-
tion to indicate the following two advantages of the
Vector Analysis:

1. Each physical relationship is represented ana-
lytically by a definite vectorial equation.

2. The locus is determined from these equations in
a straightforward manner, without the necessity of
finding equal angles, similar triangles, and other geo-
metric artifices which may or may not be apparent to
the investigator.

THE EFFECT OF A SERIES-CONNECTED REGULATING
PorLYPHASE COMMUTATOR MOTOR

Proposition 3. The equation
[(F-—r) e’ .r=0 (9)
represents a circle (Fig. 5) given by means of a chord
F = O B and of the inscribed angle 90° — ¢.
To prove this proposition, from the origin O draw the
diameter D = O C. For any point on the circle, such
as A, we have: /CAB =/COB = ¢, and CA is

perpendicular tor. ButAB = F—r;and A B turned
to coincide with the direction of A C is (F—r) €°.

Here ¢* = Cos ¢ + jsin ¢, is a factor which turns
a vector by the angle ¢. See for example the author’s
“Electric Circuit”, p. 97. Thus equation (9) simply
expresses thefact that A C is perpendicular to r. While
'Fhe lengths AB and AC are different, this does not
impair the truth of equation (9) the latter merely states
that certain two directions are normal to each other.
Since B C = F tan ¢, the diameter

D=0B+BC =F(l+jtan¢) (10)
Numerically, the diameter of the circle is
D = F/Cos ¢ (11)

‘ The series regulating motor possesses the two proper-
ties stated on p. 461 of Mr. Hull’s paper, column 2,
near the top. Let in his Fig. 6 the angle A F G be
denoted by ¢, so that the secondary induced e.m.f.
fonps the angle ¢ with I,. Denoting, as before, the
variable vector A D by 1,, the condition that A F is
perpendicular to A D is expressed thus:

(IL¢”) .1, =0 (12)
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Using the value of I, from equation (6), the preceding

expression becomes
[(In/a;— L) €% 1 -1, =0 (13)

Equation (13) is of the same form as equation (9)
so that the locus of I, is a circle drawn upon the chord
1,/a;, with the inscribed angle equal to (90° — ¢).
Equations (10) and (11) give the diameter of the circle
in magnitude and position. Equation (13) isa general-
ized form of equation (7). An equation similar to
equation (8) may be established to prove that the
locus of I, is also a circle.

Just as proposition 3 is a generalized proposition 1,
so proposition 2 can be generalized as follows:

Proposition 4. Let vectors F; and F, define the ends
of a chord instead of a diameter (D; and D, in proposi-
tion 2), and let the inscribed angle be (90° — @). Then
from propositions 2 and 3 the equation of the circle is

[(Fi—r) €] - (F;—x) =0 (14)

THE EFFECT OF A SHUNT-CONNECTED REGULATING
PoLYPHASE COMMUTATOR MOTOR

The conditions shown in Fig. 9 of Mr. Hull’s paper
can be expressed analytically as follows: Let the vector
of the resultant secondary flux A D’ be again denoted

by I,. Then
AF =LR +pl g t? (15)
Geometric addition is understood as before. I, R,

is the secondary ohmic drop; p I, is the induced e. m. {.
of the commutator motor which e. m. f. is proportional
to I,, and p is a coefficient of proportionality. The
exponential factor turns I, by the angle (7 = + 7).
The condition that A F is perpendicular A D’ thus
becomes

(LR, +pL ¥ t7] .1, =0 (16)

Expanding the exponential expression, this equation
becomes
{LR+pL[Cos(Gm+ v) +ysin(Gw
+ 7)1} -L=0

The last term containing j I, represents a vector
perpendicular to I,; hence its scalar product with I,
is equal to zero, and may be omitted. Instead of Cos
(m/2 + ) we can write—Sin vy, and the preceding
equation becomes

(12 R2 — P Is Sin 'Y) . Is =0 (17)

Substituting the value of I, from equation (6) we finally
get:

- R2 '
[Im @ Ry—poSiny I'] L=0 Q8
where ¢ is defined by equation (6a).

Comparing this expression to equation (1) we see
that the locus is a circle, and the first term gives its
diameter. When the commutator motor is not in the
Pirquitx that is when p = 0, equation (18) becomes
1dentical with equation (7) and gives the ordinary
circular locus of the induction motor.




1184

DISCUSSION AT MIDWINTER CONVENTION

Journal A, [ 1. K,

Discussion at Midwinter Convention

ELECTROMAGNETIC FORCES:s A PROPOSED RE-
VISION OF THE LAWS!

(MeniNG), New York, N. Y., Feuuuany 16, 1923
ELecrroMaaNETIC THEORY AND 1T8 BEARING ON Tui PiNcH
AND StrETcy PuENomENA

C. 0. Maillouxs The features of commauding interest in
Dr. Ilering's paper are the ‘‘pinch’ and *“‘streteh” phenomena,
both discovered by him; and the difticulty of explaining these
phenomena by the existing theories of electromagnetic fields
is what has ted Dr. Hering to urge the revision of these theories.

The diseussion of the paper nust, at the outset, recognize the
polemie situation due to the very interesting and significant
circumstance of the apparent antagonism to the paper, which
has resulted from the necessity of questioning the conipleteness
and adequacy of certain theories, notably those of Maxwell, in
regard to electromagnetic fields, because, as will be seen, the
limitations of Maxwell's theories are of the greatest importance
in this case. It is as if it was not known that flaws have been
found, even in great numbers, in Maxwell, years and years ago,
and by men who were Maxwell's peers,—Hertz, Henri Poincaré,
Helmholtz, Heaviside, Bjerkness, ete. When facts and theories
fail to agree, the theories usually have to yield ground in the
end. It is the speaker’s opinion that the facts have the best of
it in this case.

It seems hard to believe that any teacher could expect un-
questioning faith in Maxwell today, in the light of the commen-
taries and revisions made by the men just named, to mention
no others. For over twenty-five years Maxwell’s treatise,
though a great classie, and a valuable work of reference, has been
obsolete as a text book, and as a means of presentation of Max-
well’s own theories. The reasons for this were made very clear
by the very man—Hertz—whose research work on electric
waves supplied experimental evidence of the accuracy of Max-
well’s electromagnetic theory of light, and helped to prove that
theory.? Hertz’s two papers on the ‘‘Fundamental Equations
of Electromagnetics,” published in Wiedemann’s Annalen, in
1890, (and which constitute Chapters XIII and XIV of the
English translation published in 1893), were an attempt to
simplify and elarify Maxwell’s equations and to make them
more consistent with Faraday’s fundamental idea that the
““fleld of action” of energy was an intervening medium known as
the ether. As Hertz put it, Maxwell frequently wavered
between the conceptions that he found in existence and those
at which he arrived himself. Herty points out that between
the concept of direct action at a distance, springing across
space, and the concept of an action which is propagated from
point to point in a hypothetical medium, four distinet methods
of reasoning and mathematical treatment can be distinguished,
and that Maxwell, in different parts of his treatise, leans
towards two of these modes of thought, each involving a dif-
ferent conception of “electricity.” He says: ““And so, unfor-
tunately, the word ‘electricity,” in Maxwell’s work, obviously
has a double meaning.”” After giving the two meanings, he
adds: “If we read Maxwell’s explanations and always interpret
the meaning of the word ‘electricity’ in a suitable manner,
nearly all the contradictions which at first are so surprising ean
be made to disappear. Nevertheless, I must admit that I have
not succeeded in doing this completely or to my entire satis-
faction.”

1. A.I. E. E. Jour~aL, 1923, Vol. XLII, February, p. 139.

2. Although Hertz was one of the first workers in this field, his first
experimental determinations of the velocity of propagation of electro-
magnetic waves gave erroneous results—only about 200,000 km. per second
(instead of 300,000)-—which threw serious doubt upon the correctness of
of Maxwell's equations. Blondlot, in France, was the first physicist to
obtain experimental results by two independent methods that were in

complete accordance with Maxwell's theory. Hertz’ ex periments confirmed
these results subsequently.

Poinearé oxpressed a similar opinion in his disenssion of
Maxwell’s theories in Vol. [ of his “Ilectricité ot Optigue.”
Also seo on this point Poinearé’s “La Seicnco ot VHypothésoe,"
page 250 and page 259,

While Maxwell is always given the highest eredit by all
anthorities for the marvelous gigantic work done by him as a
pioncer in the development, fornwulation, and demonstration of
new theories and prineiples, it is admittod gonerally that his
worle was not so completo and perfeet as to vequire no ulterior
revision or modification,

The work of revision of Maxwell's oquations was egun us
early as 1885 by Heaviside, and the importance and valuo of
Heaviside's contributions are admitted by all those who have
participated in the work sinee then. For twenty years or more
it has been eonsidered necessary, in order to obtain a complete
understanding and a satisfactory interpretation of Maxwell's
theories, to diseard Maxwell’s own methods, and to resort to
more modern methods of presentation which include the ideas of
Heaviside, of Hertz, Poincaré and the other eminent authorities
who have gone into the subject exhaustivelv. The study of
Maxwell without the guidance of these authorities is apt to
be misleading and harmful. Admiration of the magnificent
structures erected by the genius of Maxwell does not make it a
duty for his admirers to close their eyes to certain defects in
these structures, or to insist upon their being also acknowledged
as perfect anyhow. Wae would not proceed far hefore re alizing
the absurdity of such a policy.

Thus, Hertz has called attention to rudimentary ideas of a
physical and of a mathematical nature “vector-potential,”
being cited as an example of the latter), used by Maxwell, which
are now regarded as being superfluous and really encumbering
scalfolding. Ile says, significantly, that there is no ohject in
replacing the forces themselves by potentials unless a mathe-
matical advantage is gained thereby. He sees no such advan-
tage in the introduection of the vector-potential in the fundamen-
tal equations; and he adds:

“Furthermore, one would expect to find, in these equations,
relations between the physical magnitudes which are actually
observed, and not between magnitudes which serve for caleula~
tion only.”

It is for such reasons that vector-potential has been eliminated
altogether, and that other concepts have been modified in the
modernized form of Maxwell’s equations,

Having thus brought out the now recognized fact that Max-
well’s work was not invulnerable, but that it was wealk in spots,
and has had to he retouched, we may next consider the funda-
mental limitations of the Maxwellian theory, to see it perhaps
too much has not heen expected of it.

Poincaré, the peer of all his contemporaries in pure and applied
mathematies, and the greatest genius of all time in mathematical
philosophy and logie, said:

(“La Science et Hypothése,” page 249):

“Maxwell does not give a mechanical explanation of electricity,
and of magnetism,

He merely shows that such an explanation is possihle.”

The notes obtained from some courses of lectures on Maxwell’s
theories presented in the revised form above mentioned. which
the speaker attended many years ago, as a graduate student,
contain the following interesting commentary :

“It should be stated and understood at the outset that the
Maxwellian theory does not tell us anything of the true ultimate
nature of electricity and magnetism, or of electromagnetic
Processes. What it tells us is how certain vectors, namely,
vectors of electric and of magnetic force and flux, vary in space
and in time. It furnishes a fairly complete geometrical theory
of the space and time relations of these vectors and of the forces
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. or fluxes which they represent. While it tells us of these things
to a satisfactory degree of completeness, it gives us only limited
information—satisfactory as far as it goes, but not going far
enough—regarding the dynamic theory of these forces and of the
phenomena in which they are involved.”

These views were confirmed and corroborated in convineing
manner by Prof. V. F. K. Bjerknes, in his lectures on “Fields of
Foree’ delivered at Columbia University in 1905, which the
speaker attended. In his introductory remarks (See the printed
aceount of these leetures, Publication One of the E. K. Adams
Fund for Physical Research, Columbia University Press, 1906),
Prof. Bjerknes said:

“The idea of electric and magnetic fields of force was intro-
duced by Faraday to avoid the mysterious idea of an action at a
distance. After the victory which Maxwell’s theory gained
through the experiments of Hertz, the idea of these fields took its
place among the most fruitful of theoretical physics. And yet
if we ask, what is an electric or a magnetic field of force? No
one will be able to give a satisfactory answer. We have theories
relating to these fields, but we have noidea whatever of what
they are intrinsically, nor even the slightest idea of the path
to follow in order to discover their true nature. Above all
other problems which are related to fields of force, and which
oceupy investigators daily, we have, therefore, the problem of
fields of force, namely, the problem of their true nature.”’

The method of research followed by Prof. Bjerknes consisted
in generating what he termed “hydrodynamic” fields of force
in masses of water by means of motion of vibratory nature,
produced by pulsating and oscillating bodies, and then tracing
analogies between the phenomena of attraction and repulsion
produced in these “hydrodynamic” fields and those produced in
electric and magnetic fields. By means of beautiful experiments
he showed that the lines of magnetic force in a magnetic field
can be represented in perfectly analogous manner by lines of
oscillation in a hydrodynamic field. The hydrodynamic field
experiments produced phenomena resembling magnetic attrac-
tion and repulsion so closely as to suggest a very close analogy,
if not an identity, hetween the physical principles involved in
both cases; and explanations of electric and magnetic phenomena
were sought by the aid of these analogies. It was found, how-
ever, that the analysis and interpretation of the phenomena was
much less difficult in the case of the hydrodynamic field than
in the case of the electric and magnetic fields. Prof. Bjerknes
says:

“The extent of our knowledge of the different kinds of fields
differs greatly. All the properties of the hydrodynamic fields
follow directly from the most trustworthy laws of nature, that
is from the principle of the conservation of the mass, and from
the principles of dynamics. With reference to electric or
magnetic fields, on the contrary, we have only formal theories.
First we have an extensively developed gecometric theory of the
distribution in space of the vectors, which describe the field.
And then, in a more or less superficial eonnection to this geo-
metric theory, we have a very much less developed theory of the
dynamic properties of the fields.

Taking the facts as they lie before us, we shall be obliged,
therefore, to give to our theory a dualistic form, comparing
separately the geometric and the dynamie properties of the two
kinds of field. It may be reserved for the future to penetrate
to the central point, where the geometry and the dynamics of the
question are perfectly united, and thus make the comparison
of the two kinds of field perfectly easy.”

In reference to the dynamics of the electric or the magnetic
field he says:

“Our knowledge of the dynamies of the electric or magnetic
field is very incomplete, and will presumably remain so as long
as the true nature of the fields is unknown to us.

“What we know empiricaly of the dynamies of the electric
or magnelic field ig this:—hodies in the flelds are acted upon by
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forces which may be calculated when we know the geometry
of the field. Under the influence of these forces the bodies may
take visible motions. But we have not the slightest idea of
the hidden dynamics upon which these visible dynamic phe-
nomena depend.”

Faraday'’s idea, for instance, of a tension parallel to, and a pres-
sure perpendicular to the lines of force, as well as Maxwell’s
mathematical translation of this idea, is merely hypothetical.
And even though this idea may contain more or less of the truth,
investigators have at all events not yet succeeded in making this
dynamical theory a central one, from which all the properties
of the flelds, the geometric, as well as the dynamie, naturally
develop, just as, for example, all properties of hydrodynamic
fields, the geometrie as well as the dynamie, develop from the
hydrodynamiec equations. Maxwell himself was very well
aware of this incompleteness of his theory, and he stated it in
the following words:

“Tt must be carefully borne in mind that we have only made
one step in the theory of the action of the medium. We have
supposed it to be in a state of stress but have not in any way
accounted for this stress, or explained how it is maintained.
I have not been able to make the next step, namely, to account
by mechanical considerations for these stresses in the dielectrie.”

In spite of all formal progress in the domain of Maxwell’s
theory, these words are as true today (1905) as they were when
Maxwell wrote them.

In reference to the geometric properties of electromagnetic
fields according to Maxwell’s theory, Prof. Bjerknes says:

“Our knowledge of electromagnetic fields is contained in
what is generally called Maxwell's theory. This theory does
not tell us what electromagnetic fields are in their true nature.
It is a formal theory, bearing upon two aspects of the properties
of the fields. What are called Maxwell’s equations give a
very full description of the variation from time to time of the
geometric configuration of electromagnetic fields. To this
geometric theory is only feebly linked the muech less developed
theory of the dynamical properties of these fields.”

In reference to the geometric description of electromagnetic
fields, Prof. Bjerknes says:

“To give this deseription, a series of special electric and special
magnetic vectors has been introduced.

“Woe believe that these vectors represent real physical states
existing in, or real physical processes going on in the medium
which is the seat of the field. But the nature of these states or
processes is perfectly unknown to us. What still gives them,
relatively speaking, a distinet physical meaning is, as we shall
show more completely in the next lecture, that certain expres-
sions formed by the use of these vectors represent quantities,
sueh as energy, force, activity, etc. in the common dynamical
sense of these words. These quantities can be measured in
absolute measure. But their expressions as functions of the
electric or magnetic vectors contain always two quantities of
unknown physical nature. When once the discovery of a new
law of nature allows us to write another independent equation
containing the same unknown quantities, we shall be able to
define perfectly the nature of the electric and magnetic vectors,
and submit them to absolute measurement in the real sense of
this expression. Provisionally, we can only do exactly the
same as does the mathematician in problems where he has more
unknowns than equations; viz. content ourselves with relative
determinations, considering provisionally one or other of the
unknown quantities as if it were known. But we retain the
symbols for the unknown quantities in all formulas bearing
upon the pure theory of electromagnetic phenomena, for this
will be the best preparation for the final solution of the problem.”

“This imperfect knowledge is, of course, also the reason why
our theory of eleetromagnetic fields is split into two different,
loosely eonnected, parts; first the geometric theory of the fields,
where the relation of the vectors to time and space is considered
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independently of overy question of the physieal senso of the
veetors; and, second, the dynamioal thoory of the fields, whore
the question of the nature of the veetors is taken up, but only
imperfaotly solved."

It we bear in mind tho obviously electrodynamic nature of the
new phenomena mentioned in Dr. Hering’s puper, and for which
the classie laws of electromagnetism fail to give an adeuatc
explanation even when they are strained by more or loss sophistic
expedients (sliding contacts), we can apprecinte the foree of the
preceding comments of Prof. Bjerknes upon the limitations of
Maxwell's theories from the electrodynamic point of view.
Indeed, in the opinion of the speaker, the burden of proof may
be eonsidered as having been thrown back upon the Muaxwellites,
meaning those of the orthodox school, because the Maxwellites
of the reformed school would have been less militant, precisely
because they are informed in regard to the flaws, the gaps, and
the wenk joints in electromagnetic theory as it stands today.
It is dangerous in physies, as in other things, to claim more than
the physical facts will warrant. The true office of physical
laws is to explain physieal facts and not to contradiet them or
deny their possibility.

The reference made by Bjerknes to Faraday’s idea of a tension
parallel to, and a pressure perpendicular to, the lines of force
in a magnetic field, indicates that he attached much importance
to further development of a dynamie theory based upon that
idea, in a manner that would malee it possible, as he says, for
all the properties of magnetic fields, both geometric and dynamic,
to be developed naturally. Dr. Hering comes very close to
Bjerknes when he expresses the belief that a satisfactory theory
could be based on the assumption of only a single magnetic
force, the tension along a line of foree, the other property, the
repulsion of like lines, being then deduced from the first.

Unfortunately, this is easier said than done. We may see the
goal that it is desired to reach, but as Bjerknes well said: “We
have not even the slightest idea of the path to be followed in
order to attain it.”

The trouble appears to be that the specification of the physical
characteristics and properties of magnetic fields is not yet com-
plete. That is why, as Bjerknes says, we have more unknown
quantities than equations. Nevertheless, Dr. Hering’s paper
contains many suggestions and cautions that will prove of great
value, as a means of keeping on the right traclk whenever we do
succeed in finding an entrance to the right path. The paper is
filled with ideas, the complete discussion of which, in some cases,
would lead us far into physical and philosophical problems of
more or less abstruse character.

With regard to the stretch phenomenon, which seems to be the
prineipal cause of objection to Dr. Hering’s views, it may surprise
those who dispute its existence and even its possibility on Max-
wellian or other theoretical grounds, to learn that two very
distinguished disciples of Maxwell, Mascart and Joubert,
disagree with it very seriously. This may be due to the
fact that the treatment of electromagnetism in their own cele-
brated classical treatise on “Electricity and Magnetism” does
not follow Maxwell very closely, but follows more the French
School of Physics. In Volume I, Part IV, Chapter I, Paragraph
455, after the statement that “the action of a current upon
itself, can also produce deformations or continuous motions,”
some experiments with a movable portion of eircuit are deseribed ;
and the discussion ends with the following significant remark:
“If the wire is elastic it will streteh until its elasticity balances
the electromagnetic forces.”

This may be considered expert opinion of highly qualified and
competent character in defense of Dr. Hering’s views.

Dr. Hering’s suggestion that the mathematical theory should
avoid integrations around complete circuits and should, instead,
be based upon limited portions or elements of cireuits, is of great
importance. He sees the same dangers in going too far, or
beyond proper limits, that oceurs in the case of the mathematies
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of the soap buhble film, mentioned in the paper, in whiech
formula thut is quite rational for finite values of the radius of the
buble, becomes “'insane’ when the radius is inercased to infinity,
This is a matter of such importance, and similur ounses of matlie-
matioal insanity are so frequent, that it is worth while to oall
attention to the simple moans of preventing it, namely: * fte
ware of absolute infinity,” “No thoroughfare here.”” 'That is
perhaps the first thing that every student of muathemautica)
physics should learn by heart. It is the one and ouly unfuiling
preventive of that form of insanity. It muy be consoling to
learn that many of the greatest mathematicians that the world
has known were not free from attacks of that form of insunity
but that is no excuse for not taking measures to stamp out the
disease.

Ask any student to draw two right lines, one perpendicular
to tho otlier, at or near its middle, and then to lmagine both
lines to be prolonged indefinitety; and ask him if he ean possibly
conceive that as the two lines were inere ased in length, there is
at any stage even a faint resemblance of the T to a seclor of
circle. e will say “no.” Let him, now, start with a small
sector of circle, and let him imagine the radius of the cirele to
be increased indefinitely; and then ask him if, ultimately, the
arc of the cirele will become a right line. The chances are that
he will answer “yes;” although the correct answer should he:
“There can be no eircle whose periphery is a perfectly right
line.” What is the reason for this error? In the first example,
the mind was left free to see and to reason; in the second ex-
ample, the mind was hypnotised by a question which assumed
the possibility of doing something that is impossible physically,
metaphysically, and mathematically, for human beings, namely,
the crossing of the abyss that extends from the limits of the
finite to the infinite. That impossible kind of circle s the
hypothetical “cirele of Paseal” whose center is everywhere and
whose eireumference is nowhere. The limit of the finite is only
a relative infinity. The other is an absolute infinity. The rela-
tion between these two kinds of infinities has been treated
exhaustively in the work of Henry Fleury (“Théorie rationelle
de !'Infini mathématique et du Caleul Infinitesimal,” Paris
1899, pp. 324). Under the heading of “‘Properties of Infinity”’
we read: “Infinity has no other property than that of heing
tmpossible.  Any calculation based upon absolute infinity, or
upon any function whatever of absolute infinity, is itself absurd.”

The following quotations are of Interest:

“In analysis as in geometry, I distinguish between two
infinities; one which I term absolute infinity, is impossible;
the other, whiech I term relative infinity, consists of a very
large fictitious value which is assigned to a variable.”

“To tell the truth, there is no tnfinity in mathematics; Because
absolute infinity is tmpossible, and relative infinily is essentially
Jinite, since it is a very large value assigned to a variable. Hence,
mathematies, like the infinitesimal caleulus, eould get along
without it perfectly. Just as the harm does not consist so much
n believing in witches as in burning them, so the harm does not
consist so mueh in admitting the existence of infinite quantities
as in attributing fantastic properties to them. I concede to
absolute infinity only the property of being impossible. As
Jor relative infinity, since it is essentially finite, it will have all
the properties of finite quantities, and it will have no other
properties.”

“Whenever, in mathematies, we come up against a stumbling-
block, a scandal, or a paradox, you can ask where the infinily
ts: I'mean to say that the error is the result of attributing some
false property to infinity, which, I repeat, has no other property
than that of being impossible. s

Sinece absolute infinity is impossible, any property assigned
to it, any operation performed upon it, will be absurd. On the
contrary, since relative infinity is essentially finite, it will have
the same properties and it wil] be subject to the same operations
as finite quantities. It follows that any property which does
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not apply to finite quantities cannot apply to either absolute
infinity or relative infinity. I therefore declare absurd any
reasoning which assigns to infinity a property that does not
also apply as well to finite quantities.”

«“The distinetion between the two infinities (absolute and
relative) exists in geometry as in mathematical analysis; hence,
if by an infinite right line we mean, a right line having no ends,
it is absurd and impossible; but if we mean a right line which
is extremely long with respect to others that are considered
finite, it will still have ends and it will in reality be finite; it
will be a relative infinity.

Likewise, since every plane necessarily ends at a line which
is its contour, then if by the term plane, we mean 2 plane de-
prived of this contour, or perimeter, it is absurd and impossible.
But if we mean an extremely large plane, bounded like any other
plane, by its perimeter, it will, in reality, be a finite plane. If
we call it infinite, it will be a relative infinity. An infinite right
line whieh has ends can be doubled or tripled in length. A right
line having no ends, being an impossibility, it cannot be
lengthened or shortened.

In geometry as in mathematical analysis, the general proper-
ties of finite magnitudes apply to infinite magnitudes; when we
mean relatively infinite. But if we mean an absolutely infinite
magnitude, or one without limits, it is impossible and absurd,
and so is any property that may be assigned to it.

The circle of Pascal, whose center is everywhere and whose
circumference is nowhere, is an absurd infinity. The same
would be true of a square whose eenter would be everywhere,
and whose perimeter is nowhere. It is not necessary to inquire
which is the most round or the most square of these figures.
Any comparison would be absurd.”

We can now see clearly enough why the formula for the tension
of a plane soap bubble film gives infinity, which is not true, as
Dr. Hering says. According to Fleury, the very idea of at-
tempting to use such a formula with any infinite values is
absurd, and the alleged result is simply impossible from every
point of view.

It is easy to reach equally absurd and impossible conclusions
in electrodynamies, and, for example, to aseribe infinite values
to the magnetic flux around a conductor under conditions where
we know and can demonstrate experimentally that the flux
decreases with the distance from the conductor. In one case,
it was actually contended that the magnetic flux, though de-
creasing until it was less than any assignable value at “relative’”’
infinity, suddenly jumped_ to an infinitely great value when
“‘jockeyed” across the abyss between relative and absolute
infinity. This wonderful acrobatic performance was indeed
taken, in some cases brought to the speaker’s attention, as
evidence that Hering must he wrong and Maxwell must be
right. It is to prevent such fool jumps that the signs “Beware
of absolute infinity,” “No thoroughfare here,” should be ever
present in the mind’s eye of mathematical physicists, especially
those of the amateur class.

Dr. Hering’s idea of using a counter e. m. f. generated some-
where in the eircuit as a criterion and a measure of mechanieal
motions appears acceptable, but it does not tell where or how
the motions are produced; it gives the end-result without
definite information in regard to the path, agency and process
by which this result is reached.

His idea that ‘“the flux around a conduetor or magnet should
be pietured as though it were in some way elastically attached
to the material in which its source lies,” would be acceptable if
there wis not some doubt left as to his precise meaning by the
statement previously made to the offect that ‘‘it seems to be
much hetter to consider the magnetic field around a current-
carrying conductor to be merely an action at a distance, as
Faraday proposed, the seat and source of the foree being in the
material of the conductor and not in the space around it.”
Now the very thing that Faraday denied consistently was the
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possibility of action at a distance under any circumstances. The
reference to hydrodynamie action made further on by Dr.
Hering shows that he himself has realized the necessity of an
intervening medium having the physical properties of a fluid.
In a previous paper on ‘“A New System of Electromagnetie
Forces Needed” (A. I. E. E. April, 1922, Vol. XLI, No. 4,
pp. 305-307), reference was made to ‘“hydraulic action in the
ether” as a possible explanation of the “pinch” and “stretch”
phenomena.

The speaker finds himself at variance here with Dr. Hering’s
views.

The speaker has believed for more than forty years, and he is
still of the opinion that actions and reactions of elastic charac-
ter play a role of paramount importance in eleetromagnetic
phenomena. In his opinion, a liquid having merely hydraulic
properties and characteristics can exhibit some of the mechanical
or dynamical, (let us rather say physical) properties and charac-
teristics of magnetic strains and stresses, but it cannot exhibit
them all. Indeed, some of the phenomena observable in
magnetic fields indicate rigidity, stiffness and springiness, which
are properties that only certain metals, (e. g. tempered steel),
can exhibit, and which no liquid of any sort can even
approximate.

Just forty years ago, the speaker, then a very young man,
delivered an experimental lecture before the New York Elee-
trical Society on “Action and Reaction in Magnetic Fields.”
The condensed report of the lecture, which appeared in the
Electrical World of March 10th, 1883, was prepared by the
lecturer himself, who was then the editor of that publication.
The lecturer mentioned, among other things, an interesting new
property of lines of magnetic force observed by him a few years
before (1879) in the course of an experimental study of magnetie
fields, namely, the property of resiliency or rebound, under certain
conditions.

The following is an extract from a reference to the lecture and
to the property in question contained in the A. I. E. E. Trans-
acrions (Vol. VI, 1889, pp. 288, 289):

“T have believed in the theory of the elasticily of lines of
force for some years. I employed the term resiliency in my
lecture, and I still adhere to it as being, in my opinion, somewhat
more appropriate, and I have believed, for a long time, that
when the mathematical theory of elasticity shall have been
developed to a sufficient point, we shall have all of the data
necessary for working out a perfeet theory of magnetism. In
other words, I believe that magnetism is nothing more than
a manifestation due to the elasticity of the surrounding medium,
that it is an elastic disturbance, and I may state, in passing,
that it is here that 1 differ with the coneeption advanced by
Faraday and Prof. Thomson as to the shortening of the lines of
force. I think that the idea of shortening is rather vague.
I hardly think that we can say that lines of foree shorten as
such. It would probably be more appropriate to express it
in some other way. What seems to us to be shortening is
probably merely the manifestation of some other phenomenon.
Another point is the snapping of the lines of force. I shall
endeavor to present some experiments which illustrate the faet
that lines of force do snap and break, as I did in the lecture of
1883, and that the snapping is not simultaneous.”

Theso remarks would need very little modification today, so
far as their substance is conecerned. They might be amplilied
somewhat so as to make clear what were (and are still) the
gpeaker’s views in regard to the so-called “shortening” of lines
of magnetic force. "Thero was also a slight error in saying that
lines of magnetic force “break’ without explaining more fully
what was meant. The fact is that lines of magnetic force do
not “break’” in the senso of being severed or parted like a
string or a wire that is broken into two pieces; but they may
break away and be parted from an “anchorage’ such as from ar
iron armature which is moved in front of the poles of a magnet
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or in any magnetie field. That “break away'' movement is
sudden or “snappy,” but it does not ocour simultaneously for
all the lines of foree in a given portion of magnetic field; it
occurs for each “vortex’ by itself when the eonditions are
right for that vortex or line of force.

The additional details promised wero not sent in, partly from
lack of time, hut. mainly from a realization of the importance of
reviewing the whole subjeot fully before adding to the extempore
diseussion relerred to.

The earliest conjectures of the speaker, as outlined in 1879
(in the unpublished paper mentioned in the previous A. I. k&, I,
discussion) are not without interest on this oceasion, when it is
desirable to gather together all ideas that may prove helpful.
These conjectures were:

That lines of magnetic force were elastic like steel rings or
hoops; that they tended, normally, in a homogeneous dia-
magnetic medium, to take the form (figure) of perfect concentric
cireles; that any departure from the circular concentric form
was, in a sense, abnormal, being due to disturbing conditions
and forces, and that it was always attended by reactions which
tend to restore the eircular form; that there was a limit to the
extent to which they could be swerved or distorted from the
circular form; and that, at the limit of distortion, they would
“break away” and assume a more cireular (“*normal’’) form, and
would do so in a sudden, snappy manner as if they were resilient,
and recoiled like an elastie ring that has been distorted and is
suddenly released or else suddenly hreaks loose from the dis-
torting force that was acting upon it.

The process of reasoning followed was as follows:

it a hoop made of tempered steel wire forming a perfect cirele
is distorted in any way and then released suddenly, it will
instantly recover the form of a perfect circle. A perfectly
elastic steel hoop would be a good physical model of a line of
magnetic force or of a bundle or coil of such lines, in regard to
the manner in which it is influenced by, and reacts upon, outside
forces; but such a model is incomplete and inadequate for the
representation of the reactions which the magnetic field itself
exerts upon the forces producing it. Aeccording to Newton's
principle, dynamic action and reaction are always equal and
opposed to each other. On the theory that, in this case, an
elastic disturbance is produced in the ether surrounding an
electric conductor, a line of magnetic force may be regarded as
being a dynamic reaction against some dynamiec action which is
exerted by the electric current passing through the conductor
It we picture the action at each line of forece as comparable to
that of a conical wedge which is forced into a rubber ring, then
the reaction is made intelligible to us as a state of tension which
causes the ring to be stretched into a larger, thinner ring; and
the tension thus produced is the complete measure of both the
reaction and the action. If the action is increased, the reaction
will increase enough to balance the action and the rubber ring
will be expanded into a still larger circle. If the action decreases,
the ring will shrink in size until the decreased reaction in the
new state of stretch balances the reduced action. This is what
the speaker had in mind when he said (in the A. I. E. E. dis-
cussion in 1890) that we can hardly say that lines of force shorten
as such, and that the shortening is probably the manifestation
of some other phenomenon. The phenomenon which he had in
mind was the elastic reaction of the medium against the action of
the current producing the lines of force. In this case, the
“action’’ is, in all probability, different from that represented by
a mechanical pressure exerted radially like the pressure exerted
by the conical wedge above mentioned; and, consequently, the
reaction is entirely different from that represented by the tension
of a stretched rubber ring. The speaker early acquired the
habit, which he has never lost, of using elastic steel rings as a
mechanical model or analogy in explaining magnetic action.
Thus in a note-book under date of August 11, 1889, we have:

Theory of Magnetic Attraction and Repulsion (based on
experiments of 1879), (with two diagrams):
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“Iaking two conduetors parallel to onch other and enrrying
currents, as tho simplest illustration, wo have:

tat, attraetion whon the currents are in the sume direetion

2nd, repulsion when the currents are in contrary directions.

(1) In the first cuso, 1 regarded the attraction as duo to the
blending of the magnetie cireuits into one ¢ireuit, as shown in the
sketeh, and the effort made by the resultant eireuit to assnme the
coneentrie circular form. In other words, when there is only
one conductor it tends to maintain itself in the center of the
vortex; when there arc two or move they tend to go to the conter
of a combined or resuttant vortex, and consoquently to come
together.

In such a case I can eonceive that, instead of being short. ned,
some of the lines immediately surrounding the conductors, might
be on the contrary actually stretched or distended. In fact,
they would all be in a sense stretched as long as the vortex did
not resume the perfect ecircular form.

(2) The second case (of repulsion), I regarded as that of the
compression of a steel hoop or ring, by contact with another
steel hoop or ring, with the conductor impelled as before to
maintain itself central with respect to the rings, and being
consequently, urged in a direction opposite from attraction.
In this case, we might consider that the lines of force act rather
by expanding than by contracting or shortening.”

In a note made the next day, the concept of a vortex-like
disturbanece of the ether is introduced.

The vortex-motion theory always was interesting to the
speaker largely because it is a kinetic theory. He helieves, with
Maxwell, Shelford-Bidwell, and others, that kinetie theories of
magnetism are the only ones that will stand serious ser utiny.
Even in a medium which is infinitely tenuous like the ether,
kinetic energy can still be developed in measurable quantities,
since the decrease in mass ean he made up by an increase in
velocity. In the formula E = m v2/2, the value of E will
remain constant as long as the produet m v? remains constant,
and when the mass (m) is reduced to 1 /n of its value, the veloeity
(v) does not have to be increased n times but only the square
root of n times. Now the elastic properties that make lines of
magnetic force act as they do are just such as might be expected
to result from kinetie reactions in which the mass is ery small
but the velocity very great. Tt is interesting to note in this
connection that the speaker succeeded in making vortex rings
of the kind known as “smoke rings” exhibit the phenomena of
attraction and repulsion which are illustrated in the two diagrams
(in the note of August 11, 1889). He has made two smoke rings
coalesce into a single larger ring which tended immediately to
assume the figure of a larger circle; and he has made smoke
rings repel each other exactly in the manner indicated in the
note. Although the real physical character of the “action’
and of the “reaction’” are not vet (and may never be) definitely
known to us, we are, nevertheless, justified in describing the
characteristics of the reaction as comparable to those of an
elastic disturbance. Things which are equal to the same thing
are equal to each other, in mathematices; and in mathematical
physiecs, they can be treated as if they were equal to each other,
and they can be substituted for each other. Therefore, even
if, in the end, we should have to modify our views as to the
causes, we are not likely to be obliged to revise them in regard to
the effects.

The “pinch” and “streteh” phenomena were regarded at the
outset by the speaker as being merely natural and logical
consequences of the ‘“‘theory” of magnetic action which he had
built up for his own private use, so to speak. To his mind, the
pinch effect was an elastice reaction, equal and opposed in its
effect to the action of a force produced by the electric current
passing through the conductor. He looked upon the action as
being comparable to a pressure applied to the inside of a eylinder
made of an elastic substance possessing some peculiar properties,
such as he conceived might be exhibited by vortex motion of
quasi-infinitely great velocity, in matter of quasi-infinitely small
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mass; and he pictured the reaction as comparable to the stress
or tension produced in that elastic substance. He did not
picture the substance, as Dr. Hering did, as one having. the
characteristics of a liquid, because his study of the subject had

taught him that the characteristics implied physical properties.

like stiffness, strength, elasticity, resilience, which recall steel and
other metals. Kelvin, years ago, in presenting the undulatory
theory of light, postulated the existence of a transmission-
medium having, at times, the properties of jelly, and, at other
times, the properties of arigid but elastie solid like steel.

The speaker’s views in regard to the nature of magnetic action
makes him feel warranted in reasoning about the outward
physical effects produced in a magnetic field as if these effects
were not only analogous but equivalent to an elastic disturbance
in a medium where kinetic energy is developed which is due less
to mass than to velocity (as in the case of a vortex-ring). (A
vortex-ring illustrates a condition where elastic and resilient
properties are due to velocity-effects). To his mind, the
‘stretch” effect seems as natural and as reasonable as the
“pinch” effect, being merely the same “reaction”’ manifesting
itself against the “action” in an axial direction. In other words,
it seems reasonable to him that the reaction should manifest
itself physically by a tendenecy not only to pinch but also to
stretch the conductor carrying the current which produces the
magnetic field around that conductor.

The preceding considerations show why the author does not
support the idea of hydraulie action in the ether, while helieving
strongly in the idea of elastic actions and reactions. The
author’s “‘conjectures” of 1879, have rendered good service on
many occasions as the basis of a working theory, in making
clear many phenomena and facts about magnetie fields. Seeing
the difficulties that seem to confront all other working theories
in regard to “action and reaction in magnetic fields” in spite of
the efforts made in the last forty years, the speaker has been
wondering if, perhaps, the “‘conjectures” could not be utilized
to a good purpose in other attempts to revise and extend the
present theories.

V. Karapetoff: In discussing this paper it is necessary to
use certain well established laws of mathematical eleetricity.
I will write them down, so as to make it clearer as to what
the controversial matter is. One of the established laws of
electro-magnetism is that the stored energy in a circuit without
iron is equal to one-half the square of the current times the
co-efficient of inductance, or W = 0.5142 L. This may be taken
as the definition of inductance as well, so that if you know the
energy and the current in the eircuit, you can compute L.
The same coefficient L is sometimes defined from the induced
e.m.f. as E = — [, di/dt. All this is not a controversial
matter, but that of definitions. Now we come to the fundamen-
tal law of mechanical forces which law is somewhat assailed in
the paper. In the first place, Maxwell himself gives credit for
this law to Lord Kelvin, referring to Nichols Cyclopaedia of
Physical Science, edition of 1860, so that that is not Maxwell’s
Law, but Lord Kelvin’s Law. Itisrather surprising that in the
paper under discussion, Kelvin, the originator of the law of
electro magnetic forces is not mentioned at all. This law applies
specifically to a constant eurrent and no iron must be present.
Consider a small deformation in space and impose the condition
that the current during this deformation remains constant.
The cireuit is such that o part of it is flexible, or has a sliding
contact. What aro the energy relations during this small
displacement? Lord Kelvin's answer is that the energy brought
from the external source, let us say from a battery, is twice as
greal as is necessary to perform tho mechanical work. The
excess goes to increase the stored energy of the eircuit. T have
repeatedly called attention to this law in some previous volumes
of our TranNsAcTIONS, for instance, in the discussion on the
opening of disconneecting switches on short circuit, on stresses
in hus-bars, and so forth. The last chapter of my ‘“Magnetic
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Gircuit” is devoted to the subject of mechanical jforces in ‘a
magnetic field, to which chapter I refer for proofs. %"

With a constant current, the infinitesimal energy brought
from the source of current is d Wi = i*d L, since it is equal to
the change in electromagnetic linkages. The increase in the
stored energy is 0.51*d L. Hence, the energy converted into
mechanical work, equal to the difference of the two, is

Fds =054¢dL
Therefore, the mechanical force is
F =0.5:(dL/ds)
where s is the direction of the virtual displacement. It may
also be of interest to state that the coefficient of self-
inductance may be conveniently represented in the form
L = n? Py

where n is the number of turns and P.q is the equivalent perme-
ance of the magnetic circuit (Magnetic Cireuit, p. 184).

1 shall limit myself to one feature of Dr. Hering's paper,namely
that of mathematical relationships which are entirely independent
of our ideas or pictures as to what electro-magnetic phenomena
are. Even if our physical conceptions should be radically
changed tomorrow, we. could still define the co-efficient of
inductance and use the foregoing formulas just the same.

Those of us who know at what personal sacrifice and with what
persistence Dr. Hering’s experiments have been performed
realize the debt of gratitude that we owe him. I say this, even
though I do not believe that his experiments have in any way
disproved the accepted laws. The experiments are purely
qualitative, and in none of them, as far as I can see, the coefficient
of self-inductance is smaller at the end of the motion than it is
at the beginning. The derivative d L/d s is positive, as it
should be according to Kelvin's law. As to whether or not the
actual mechanical foree observed checks with the theoretical
formula, the burden of the proof is entirely with Dr. Hering, or
with someone who wishes to defend his views. The experiments
in the present inaccurate form can hardly be used as a basis for
a scientific diseussion on such a fundamental law of nature.

John H. Morecroft: Dr. Hering’s paper is rather difficult
to discuss, as he makes so many ambiguous and general criticisms
of our present laws, trying to show their inadequacy, but never
apparently doing so, when one analyzes his methods. Such
ideas as conveyed by the expressions ‘‘reactions of these forces
on each other, or on a foreign forece”’ and ‘‘abutments or anchor-
age of the forces in a field”’ certainly do not tend to clarify his
arguments.

When one conceives of the electric ecurrent as moving electrons,
as he is evidently beginning to do, it seems rather inappropriate
to speak of the energy of the magnetic field as potential energy,
as he does; this energy is due entirely to the motion of the
electrons and so would naturally be classified as kinetic energy,
while the energy of the electric fields of the electrons, present
when the electrons are stationary, is better called potential
energy.

The whole paper is so full of ambiguities and misleading
statements that a complete discussion is out of the question, but
an analysis of a few points Dr. Hering brings up is attempted in
the following notes.

In disecussing Fig. 1, in his paper he apparently thinks
that the idea of current flowing in such a ecircuit is a
new one; it seems well to point out therefore, that every

time he telephones he 1is probably sending his voice
current through just such a elrcuit, and that the tele-
phone engineers use cireuits of this make-up probably

more than any other kind. The cireuit of his Fig. 1
is closed through a condenser, the two plates of which consist
prinecipally of the two spheres A and B; the ordinary telephone
cireuit is closed in just the same manner, but there the condensers
have a somewhat larger capacity than is the case in Fig. 1. In
spite of this statement to the contrary, it is necessary to consider
every circuit closed, if we wish to calculate how much current
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will flow in it; what seems to constitute an “open eireuit’’ in
his IMig. 1 is rather a capucitive roastance botwesn plales A
and B, a reactance so high for ordinary frequencios that neg-
ligible eurrent can flow and so it is olassed by engincers dealing
with ordinary power cireuits, an open eiveuit. But thore is no
real distinetion between an open eireuit and a ¢slosed eircuit, from
the theoretical viewpoint; enrrent will flow in any cireuit in
which there is electromotive force acting, especially if this is an
alternating e. m. I.; the amount of current may he so small that
its effects are negligible and the circuit is therefore called open.
Actually the same law of current flow holds good for all eircuits,

In such a cireuit as that of his Fig. 1, this eurrent would be
so small in the ordinary test as not to be measurc able und so the
circuit is said to be open; if however a frequency of one hundred
million eyeles is used the capacity reactance of the condenser
A-B is sufficiently low to permit the passage of measurable cur-
rent and so the circuit would not be called open; the writer sees
ho reason at all therefore for any argument about this cireuit;
it follows the ordinary laws of eircuits, as do all the rost of his
circuits, one or two of which will now he discussed.

To clarify somewhat (even though only a little) some of the
material presented in the paper, and to show how the author of
the paper thinks and reasons, I will recall an argument he pre-
sented about fifteen years ago; I hope he will bear with me for
doing so as the experiment he then desecribed contains what
seems to the writer a fallacy, which rallacy is present in some of
the experiments contained in the present paper,

Can a ecireuit, being linked with some magnetic flux, be un-
linked from this flux without having a voltage induced in it?
That was the question Dr. Hering put to himself, and his answer

Fig. 1

was-——Yes, arrived at as a result of the experiment now to be
described.

His experiment was arranged about as shown in Fig. 1.
An electric circuit consisting of the galvanometer G, two flat
brass springs D, D, fastened to a wooden block C, and in contact
at E, is linked with all of the flux through a bar magnet, shown
in section at A. Around the bar magnet is fitted a smooth brass
ring B.

By pulling block C (towards the right in Fig. 1) the springs
D-D come in contact with ring B, further motion in the same
direction opens the contact at E, and still further motion carries
them around the ring, until they finally slide over the ring and
again come in contact on the right side of the ring. This se-
quence of events is suggested in Fig. 2. In Fig. 1 the circuit
evidently is linked with the magnet’s flux, and in condition ¢
of Fig. 2 it evidently does not, and hence, as the galvanometer
has shown no deflection during the progress of this ingenious
experiment, the author would have us conclude that a circuit
can be unlinked from magnetic flux without having an e. m. f.
induced in it. The results of this experiment, however, con-
stitute no reason at all for the conclusion; our old ideas about
changing interlinkages generating e. m. f’s. are just as trust-
worthy after the experiment as before.

It will be seen that in position a Fig. 2 there is no longer a
circuit involved in the argument, but there are two circuits, one
of which (springs and left hand side of ring) still links with the
flux and another (springs and right side of ring) which does not
link with the flux. So, the experimenter has replaced a circuit
by two cireuits, one of which does not link with the fluz at all.
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I suggestod at the time that the audicnce would understand
the experimont belter if it were performed as suggosted
in Kig. 3, the sequonee of ovents being oxactly the same
a8 it was before, but the various stops being somewhat more
evident. A circuit shown by tho full lines of Rig. 3 links w ith the
flux of magnet 4 ; the wire of which the ¢irouit is comprised being
twisted togother at a to complete the circuit.  This is the 801110
circuit as the experimenter startod with in IYig. 1. Now a wire
18 counectod from b to ¢, the wires are untwisted and separated
at ¢, the magnet is moved through the opening thus eroated, the
wires are again twisted together at a, the wirc from 6 to ¢ is now
removed, and lo, the cireuit ias been unlinked and the gulvano-
meter has not budged! Ilas the eircuit heen unlinked without
generating an e.m. f., as indieated by the quiescent ‘galvano-

Fig. 2

meter? Certainly not—the circuit has been opened at a, the
magnet has been carried through the opening, and then the gap
in the circuit has been repaired. The fallacy of sueh an experi-
ment is evident to every one yet the author wished the teachers
of physics to revise the theory they had been professing, on the
basis of it.

This fallacy occurs repeatedly in the paper under discussion.
When trying to show that a eireuit does not have to move so as
to include more flux in the cireuit involved (a prineiple we still
teach) he cites the case of the motor—*‘In the most usual case
of the motor the flux does not inerease but remains constant,
hence the law fails even in the most usual case...”” Here the
brushes sliding on the commutator continually change one cir-

Fic. 3

cuit for another just because the law does hold good; if the cireuit
involved were not continually changed for another the motor
would not turn. Let Dr. Hering solder two wires on opposite
sides of the commutator of a bipolar motor and try how far the
armature will turn. He will find that in this case a circuit
(ensured in this case by soldering the wires in place) the armature
will turn just as long as further movement will make the total
interlinkages of the system a maximum, and there it will stop,
Just because the law does hold good in this case.

Although it would undoubtedly prove a fascinating pastime it
is obviously impossible for one man to carry out all the experi-
ments suggested by the author, unless he devotes considerable
time to the task; one easy experiment he suggests however,
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which seems a typical one, so I took the time to carry it out more
carefully than he had apparently done. The experiment is the
one indicated in Fig. 4; the question is—which way will the wire
W move? The results of the test are supposed to disprove the
theory we teach, namely that the wire will so move as to make the
included flux increase.

The older law (which presumably is at fault because predicting
the wrong answer in this case) says that the cireuit should so
re-arrange itself as to make the flux interlinkages increase—yet
according to the author the wire W moved in such a way as to
decrease the enclosure, and so presumably disproves the law.
(It is to be noted that here also the circuit is not a definite one,
the motion of the wire making the length of the circuit greater
by the amount of mercury trough introduced into the circuit by
its motion). It is a fact that if one tries (and understands the
old fashioned law) he can so fashion the circuit that the wire W
moves in, as stated by the author, but that same knowledge will
give him the idea as to how he can fashion the cireuit so that it
will move out. The phenomenon needs no new laws for its expla-
nation although such is apparently believed by the author. The
explanation of the result of the experiment is this—the circudt will
so rearrange itself so as to include the mazimum flux, the current
presumably being held constant. But this is the older law.

I made up several circuits with mereury troughs and movable
wires and tried the motions of the wires under various conditions.
After eliminating the effects of the earth’s field (this can be done

1|
|

Mercury
Trough

Length of

Mercury Trough
Movable Wire

Fic. 4

by using very large eurrents in the circuit) I found certain com-
binations which would make the wire W move out, and others
which would make it movein. In Fig. 4, for example, if the wire
I is put a sufficient distance inside the rectangle to start with,
it will move inward and find a position of stable equilibrium;
if the wire is pushed farther into the rectangle the forces exerted
on it push it outward; there is a definite position of equilibrium
for a definite circuit. If the back wire of the eircuit (on the side
of the rectangle opposite to W) is too close to W, that is, the
rectangle is a narrow one, the wire W will always move outwards.
All of these effects can be calculated by the older laws but as it
seems that the author is more amenable to experiment than to
the calculus, I made some quantitative determinations on some
of the circuits. As the interlinkages of a circuit are measurable
by determining the self induction of the circuit I used this method
for finding out if the circuit did always so move as toincrease the
inter-linkages. One turn of wire, a few inches in dimensions, has
a rather low value of self induction so it is necessary to use fairly
high-frequency current to make the determination. I used a
frequency of four million cycles a second.

A heavy current was sent through a circuit essentially like
that given in Fig. 4, letting the movable wire come to its position
of stable equilibrium. By a resonance method I then determined
the self induction of the circuit for various positions of the

movable wire, obtaining results in a typical case as recorded
herewith.
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The position of stable equilibrium for the movable wire was
when the length of mercury trough was eight inches, thus showing
indisputably that this experiment, which the author of the paper
thought disproved the older laws, actually vindicates them.
He evidently jumped to the conclusion that if the enclosed area
became smaller the self-induction must also necessarily be
smaller. Thisisonly the case if the length of the wire comprising
the eireuitis constant in length; here the circuit becomes actually
longer as the movement of the wire includes more of the mercury
trough in the eircuit; the circuit is thus indefinite, sufficiently
so that this very thing led the originator of the cxperiment to jump
to the wrong conclusion.

In a similar way the motion of the conductors in all of the
combinations shown in the authors Figs. 3 to 11 so take place
that the flux inter-linkages increase. For example, in his Fig.
6 the more that trough M (of large cross-section, and hence
low L per unit length) can be replaced by trough m (of smaller
seclion, hence greater L per unit length) the higher will be the
self induection of the circuit.

In such an experiment as that shown in Fig. 5 of the author’s

paper we have to bear in mind that we do not have a circuit

to deal with, length being continually added to the eircuit
conductor as the bridge moves. From what has been
said and shown above it seems evident to the writer
that we may still use the old laws in our teaching,
without running the risk of teaching any fallacies. We
must, of course, try to instill into the student’s mind that he
must think accurately, not confusing one circuit with another—
he must not be willing to apply a law to a case which involves
premises which the law does not. It seems to the writer that
the older laws, about which doubt was supposed to be cast by
these experiments, are rather substantiated by them.

John Mills: I have had no opportunity unfortunately to
try out any of these experiments. I approach the problem very
much from the standpoint of the remarks of past President
Mailloux and I wish to use the occasion to arouse a further
interest in the mechanisms which underlie the phenomena Mr.
Hering describes.

I think Mr. Hering’s interesting paper should be approached
in the spirit of one who recognizes that the past twenty-six
years, since J. J. Thompson identified the electron, have been
revolutionary and scientific concerts. He calls attention to a
much needed reconsideration of our formal expression and
exposition of electro-magnetic phenomena. Today, we have
electronic mechanisms which Maxwell and his immediate sue-
cessors did not have. Today the ether is the most debatable
assumption and energy and an electrical matter are the two
entities with which the electronic physicist deals most con-
sciously. With Mr. Hering’s fundamental appeal for recognition
in our expositions of underlying mechanisms I am most heartily
in accord. I have tried some missionary work along that line
myself but with relatively small success.

Without any regard to the criticism which, can be directed
towards the experiments which Mr. Hering has presented let
us consider his Fig. 4, and look at it without reference to the in-
ductance. Imagine billions of electrons rushing along from the
negative terminal of the battery, along the connecting wire and
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plunging into the liquid of the trough.  Then remember that
oach of these elootrons is about 1/ 1845 of the mass of a hydrogen
atom.  Remember that for the curronts used there would b
about a thousand billion billion of these oleetrons taking that
plunge each second. Now I simply raise the question: Is it
inconeeivable that, as they do plunge, they should kick back on
the slider? 1 do not believe it is inconesivable,—and I eannot
seo—and here is where 1 differ and am unpopular—1I cannot see
that flux and other Maxwellian coneopts enter into the problem
at all.

Whether or not, however, these electrons, in their obedience
to Newton’s third law of equal action and reaction will result in
a perceptible motion of any given slider is a question that the
electroniec physicists can answer for us, either from data at hand
or by simple but refined researches.

I admit our knowledge is incomplete, but it seems to me our
knowledge has to be expressed in terms of the electron of which
we have heard for twenty-six years. We may apply the same
ideas to other figures of the paper by Mr. Hering and reach similar
conelusions. In each case, however, the problem is one of
electrons and is not a problem of flux nor a problem of “stretch
effect.” If there is a stretch effect it must he explainable on
an electronic basis.

Two of the experiments, namely thosc of IMigs. 3 and 6 are
conceivable upon the electronic basis mentioned above bhut
requive a recognition of the fact that bscause the shape and
sizes of the vessels, into which the moving wire dips, are dis-
similar there will be possible dissimilar conditions of turbulence
due to thermal effects. One could have wished that Mr. Hering
had approached this investigation more directly from the view
point of electronics and obtained quantitative results.

H. G. Brinton: In connection with the subject of funda-
mentals, I would like to say a few words about fundamental
electric fields and the electron theory.

The electron theory is not completely perfected. There
are some phenomena which it has not yet explained, although
it is accepted as our most fundamental theory and deals with
‘the constitution of matter as well as electric and magnetic
phenomena. The phenomena of gravitation and of the propo-
gation of electromagnetic waves through space are two of the
most interesting cases of unexplained phenomena. There is
also need for more clear and fundamental explanations of other
phenomena, as pointed out by Dr. Hering. These unsolved
problems make a consideration of the fundamental theory still
more fascinating. I have made a study of this subject as a
matter of personal interest and have worked out a development
of the electron theory which affords a basis for the explanation
of gravitational as well as electromagnetic phenomena.

The point of view of this discussion is based on the idea or
fact that we have no coneception of the ultimate essence of
electrons, protons, and fields of force. We only know how
they act. The human mind has not been capable of going
further than that. What is spoken of as “knowing the ultimate
nature of matter’”’ can only consist, under present conditions at
least, of a detailed knowledge of the nature of the behavior of
the smallest units. We consider matter as made up of a large
number of fundamental units. From this point of view, an
explanation of complex phenomena involving fundamental units,
will be a statement of the actions taking place, in terms of the
actions of fundamental units and in accordance with fu ndamental
laws. The things we now consider most fundamental cannot,
now be explained in terms of anything more fundamental, but
our ideas in regard to what is most fundamental are subject to
change. Our fundamental ideas must be Judged by their con-
sistency with each other and by their utility as a basis for
explanation.

The fundamental units of matter should involve electrons and
protons in some way. Since we regard electrons and protons
as primarily centers or terminals of fields of force, it seems
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logiond that the fundawmental units should involve eleetrie field
of foree. ket us thorefore take, for a fundamental unit, the
lield of foreo oxtending fronr a singlo proton Lo u single oloetron
Wo will retain the idea that electrons and protons maintain
their identity and assumo that the fundamental wnit ficlds of
foreo mmintain their idontity under all eonditious. There i
such a field of forec oxtonding from ench proton to ove ry clectron,
What we usually have ealled an “electric field” must now be
callod a “resultant oleetrie fiold” to distinguish it from the
fundamental unit electrie fields.

We have Lo considaer next the inter-action of these fundumen tal
fields. The action of a single field neods no deseription here.
Let us consider the case of two positive particles with fields
directed outward from each particle, or the case of two i gative
particles with fields directed inward to cach particle. In these
cases the adjacent fields are in the same direction or have eon..
ponents in the same directions, and we know that thero is a
resultant foree tending to move the two particles apart. We
may, therefore, say that two adjacent fundamental fields in the
same direction tend to move apart. This is the same action
that takes place within a single field. If one field is super-
imposed on another field having ecomponents in the same direc-
tion, but of varying intensity, the first field tends to move
away from the stronger part of the second field as a result of the
combined actions of adjacent parts of the fields. This re sultant
action is what determines the direction of the resultant force
tending to move two positive particles or {wo negative particles
away from each other.

In the case of two particles, one of which is positive and one
negative, we have fields directed outward from tl positive
particle and fields directed inward to the negative particle. In
this case the two adjacent fields have components in opposit
directions and we know that the two particles tend to move
together. To be consistent, we must say that two fields having
components in opposite directions tend to move together. This
is the direct opposite of the action between two adjacent fields
in the same direction. There is, however, another action to
consider in the case of a positive and a negative particle. In
addition to the fields referred to above extending to and from the
surroundings, there are fields extending from the positive particle
to the negative particle. These fields, which are an inherent
part of this particular combination, make the resultant attractive
force between a positive particle and a negative particle slightly
greater than it would otherwise be.

Now consider the case of two neutral particles. In this case
the field directed outward from each particle is exactly equal
and opposite to the field directed inward to that particle. The
field directed outward from one particle tends to move away
from the outwardly directed field, but toward the inwardly
directed field of the other particle. Theresultant of such actions
in this case is zero. There 1s, however, a resultant force of
attraction, which is due to the fields extending from the protons
of each body to the electrons of the other body. This particular
resultant force is called “the force of gravitation.”” We know
that a gravitational field of foree is not affected by the presence
of any other gravitational or electric field. This is due to the
fact that a gravitational field is composed of two equal and
oppositely directed fields and the resultant action upon other
electric fields is zero.

From this point of view, we may easily show why we have
electromagnetic waves but do not have gravitational waves.
A gravitational field, being composed of two equal and oppositely
directed electric fields, cannot set up any magnetic field by
its motion in one direction. On the other hand, the movement
of a magnetic field does result in actions upon gravitational
fields, moving one eleetric field in one direction and the oppositely
directed field in the opposite direction. Thus, when an slectro-
magnetic wave is moving in space, the resultant electric fields
are due to the separation of the component electric fields which
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form the gravitational field. When the electric fields separate,
energy is transferred to the electric fields. When the électric
fields recombine, this energy is transferred from the fields at
that point. Thus, energy is transferred from point to point as
the wave moves through space. The magnetic field must have
been set up in the first place by the movement of a resultant
electric field. For example, the movement of electrons sets up
magnetic fields and results in electro-magnetic waves.

The fact that electrons play a more active part than protons
play in electrical phenomena may be explained as follows:
The number of electrons in this universe is much greater than
the number of protons. There is a fundamental field of force
extending from each proton to every electron. The number
of fundamental fields of force terminating on a single proton is,
therefore, much greater than the number terminating on a single
electron. That is, the total field centering on a proton is much
greater or more intense than the field centering on an electron.
For this reason an electron can be moved by electromagnetic
actions much more easily than a proton.

Gravitational actions are comparatively simple and the
explanation is therefore correspondingly simple. In the case of
the actions and interactions of electric and magnetic fields, the
phenomena are very complex in most cases and the explanation
is correspondingly difficult and complicated. We will consider
at present two of the more simple cases. '

We know that the effect of inductance is to oppose the increase
or decrease of a current in a conductor. Consider the case of a
current flow in a wire. When such a current starts to decrease,
the magnetic field around the wire contracts and the moverent
of the magnetic field results in a pressure upon the inwardly
directed field, causing such fields and associated electrons to
move in one direction along the wire. We need not consider, for
present purposes, the action upon protons, because it is prinei-
pally the electrons that move as stated above.

Tn the case of a loop of wire rotating in a uniform magnetic
field about an axis at right angles to the field, we know that there
is flow of current and an induced voltage in the loop. In this
case we have to consider the action of the magnetic field upon the
fundamental fields between the two sides of the loop which are
parallel to the axis of rotation. There are two equal and
oppositely directed sets of fundamental fields to consider. These
fields extend from the protons of each side of the loop to the
electrons at the other side. As a result of the motion of these
fields relative to the magnetic field, the electrons (referring to
those that move) in one side of the loop are moved in one direc-
tion and the electrons in the other side of the loop are moved in
the opposite direction. There is thus a tendency for the cireula-
tion or flow of electrons around the loop. The direction of
motion may be found by the well-known three finger rule for
induced ¢. m. f. taking the direction of movement of electrons
as opposite to the direction of the e. m. f.

The electron theory is our fundamental theory and should be
used for the explanation of electromagnetic phenomena. The
electron theory has, however, been in need of some development
and improvement before it could form a satisfactory basis for
explanation.

R. E. Doherty: I wish to discuss in particular the state-
ments made in the appendix of this paper, since this is the only
place where either a numerical value, or an equation appears.
[ submit that although a number of our so-called physical laws
may posgibly be wrong, including the one attacked by the author,
it 18 not a sound policy to conclude that the law is wrong just
hecauso the force on some part of a complicated electromagnetic
system does not happon to bo in the direction one would expect,
from a knowledge of the law and a visual inspection of the appa~
ratus. IFrom a tilted railway car, a streamn may appear to run
up hill, but in faet, of course, it doos not. And justasin the
railway car a propor sol of measuremonts could show whother the
law of gravity had ceased to operate, so in tho prosent case, quan-
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titative tests could show whether the law is actually or only
apparently wrong. This may well be left to physicists.

But the ideas developed in the Appendix can be discussed
in a decisive way. Starting with a neutral copper ring of zero
resistance, it would be very interesting to learn the details of the
author’s process of establishing a magnetic field linked with
this ring, and a current in it which will flow indefinitely. The
current will flow indefinitely, of course, if a magnetic field linking
the ring is established; but establishing such magnetic linkage
in the given neutral ring is the first point which I cannot fathom.
If there is a single law which can be used as a starting point, it
is that in a closed ring

d
—d—t—(Lz)+rz—O

If r is zero, then

d
2 (L) =0
' (L %)

That is, constant magnetic linkages. Hence, if the linkages are
initially zero, they must remain zero.
Or for two closed rings,

d d
W (Ly 1) +T1il+—(ﬁ (M1;) =0

d d
and —:i—t (Lgi2) + 722 + "‘21—‘ (M%) =0
If r, = ry = 0, as assumed, then
d
0 (L1t + M) =0
d . .
and —dT (Lz 12 + M 11) ='0

But the first of these gives the magnetic linkages of the first
ring, and the second, the linkages of the second ring. That is,
the linkages must be constant in each ring. And if they are
zero initially then they must remain zero, whatever else happens,
so long as the rings are closed and have zero resistance.

Therefore, the deductions in the appendix are wrong. The
magunetic linkages cannot decrease or increase in a closed ring
without resistance.

Inasmuch as the equations used by the author assume the
validity of the above equations, the conclusion would seem to
be clean cut.

It may be of interest to further point out that the author’s
proposed law is merely a specialized re-statement of the com-
monly applied principle that the electromagnetic force acting on
any part of a circuit is

dL
dzx

S =1/2%

dL
where, Te = the rate against distance, not time, at which

the total induetance of the circuit would change if motion of that
part of the cireuit occurred in the direction of the force.
1+ = instantaneous value of current.

The author's proposed law is: ““in an electromagnelic system
in which the current is being maintained by a source, any and
only sueh mechanical motions of the conductor will tend to take
place as will gonerate a counter e..m. f. somewhere in the eireuit.”

The counter e. m. f. which the author defines here is,
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Of courae if there are eirovits in induotive relation to the ono
in quostion, tho foree is given by
d L )
d 'I' \ il Ty
dzx ]

(l A’[l,

= 1/242
f /21, -p

and the counter e. m. I. reforred to, is given hy

(, IJ] d Mla

>
dt odt

Yurthermore, using the above familiar expression for foree,
it is easily demonstrated that it is not necessary to assume, as
the author does, the special ease of eonstant current. The ex-
pression gives the force existing for the particular current,
whethier the latter is rapidly varying or constant.

In other words, the proposed law is not new, and hardly
merits the name of a law, for it is merely a re-statement, with an
unnecessary limiting eondition, of a long established corollary
of the Law of Conservation of Energy, from which the above
mathematical expression at once follows.

Thus to summarize, all of us will probably agree that, for the
profession, it is a wholesome and commendable thing to review
and question, as the author has done, the validity of our funda-
mentals, and to demand an explanation of eertain observations
which appear to him to be in contradiction to the so-called lqws.
However, I do not agree that he has demonstrated the invalidity
of the law of electromagnetic induetion in’the partieular applica-
tion of determining forees. On the other hand, the fundamental
assumptions involved in the equations given in the Appendix,
contradiet the conclusion there arrived at. Also, the proposed
new law is merely an incomplete re-statement of a well-known
corollary of the Law of Conservation of Energy.

E. H. Kennard: Dr. Hering's paper arouses in me very
mingled feelings. With his eriticisms of the texthooks I feel
compelled to sympathize to a considerable degree. The writers
of textbooks ought, 1 think, to remember that their books are
sure to be employed more or less as reference hools and the text
ought to be so written that it cannot be misunderstood by any
attentive and thoughtful reader. Every exception or restriction
upon the scope of a law ought to be mentioned, at least in a foot-
note. And then, besides imperfections of statement, many
books contain a distressing number of genuine errors. But to
err is human and we shall never see perfect books.

Let us take up Dr. Hering’s chief points in order.

1. Do circuils tend always lo increase their Auz? 1 think that
they do; Dr. Hering's own experimernts confirm thislaw. Of
course, in calculating the change in flux one must imagine the
current to be kept constant. This assumption will be found to
underlie all deductions of the law, although I am afraid that
textbook writers do not sufficiently emphasize the point.

In Dr. Hering’s Fig. 5, a careful study of the flux shows that
the motion increases the flux no matter on which side the battery
is placed, for when we flop the circuit over to the other side of the
mercury troughs we reverse the direction in which a line of flux
must be called positive as it passes through the plane of the
paper, and this reversal compensates for the change in the loca-
tion of the area enclosed by the circuit.

What this experiment really shows is that a circuit does not
always enlarge under the action of its own flux—and [ must admit
that some textbooks make wrong statements about this. I think
that any plane circuit so shaped that it bends always toward
the same side as we go round it, will always tend to enlarge under
its own electromagnetic forces, whereas this may not hold if the
cireuit contains a part shaped like an S or a Z.

The law holds also for Dr. Hering’s imaginary experiment in
which two rings of no resistance have currents induced in them
and are then brought toward each other; for the currents in the
rings do not remain constant. We can write for each ring
Ldi/dt = —d ¢/dt where ¢ is the flux through the ring due
to the current in the other one; this equation gives by integra-
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tion Li 4+ ¢ = const., which shows that the flux through each
ring remains fixed forever. Hence as tho rings approach and
the mutual flux inereases, the flux of soll-induetion, L €, must
dooroare, and 80 must the eurrent, i. Thus the chango in flux
produced by the motion, which determines the meshanies!
foree, is exactly compensated for by anothor change cansed by
the ehango in the eurrent, and this is why the flux through each
ring romaing eonstant.

2. A General Law of Motion. Dr. Horing emphagizes two
prineiples, (1) that potential onoergy tends to hecome kinetic. and
(2) that no motion can he produced by clectrie curre nts, at least
in the absence of iron, without the generation somewhere of an
e.m. f. These two prineiples are, of course, well known botlh
to physicists and to engineers, although the proposal to mako
them the foundation of the theory of electromagnetic forcos I8,
perhaps, new. The merits of this proposal are a matter of opin-
ion; for myself, I cannot feel that the proposal is a good one,
but the subject is too large for discussion hero.

3. A longitudinal force is not shown o exist by Dr. Hering’s
experiments, which are entirely explained by the aceepted laws,
as I shall show presently.

4. Sliding Contacts are a Nuisance. So they are. To the
mathematical theorist every discontinuity or abrupt change in
conditions is a, nuisancee and requires a speeial explanation.
The usual practise among physicists (except, perhaps, among the
French) seems to be to state the general laws of physics as if
such diseontinuities did not exist, and then to replace the dis-
continuous cases by an equivalent continuous one.

The law of induetion I like to state in three st ps as follows:

(@) Definition. A circuit means a closed filament of matter.

(b) The E. M. F. induced in any circuit (measured in electro-
magnetic units) equals the time rate of decrease of the flux that
is linked with the cireuit.

(e) At a sliding contact one may imagine a thin layer of con-
duecting liquid to ‘be insertoed between the sliding surfaces, so
that there will be a continuous gradation of motion through this
layer and permanent clementary circuits can be drawn through
the layer.

There are other good ways of treating sliding contacts, of
course; the essential thing is to have some sound method of
doing it that one understands. My own opinion is that such a
transition layer really exists, in the form of interlocking electron
atmospheres if not in the form of a layer of pulverized metal.

This law refers ounly to closed circuits but has, T think, no
exceptions. Open circuils are a different proposition.

Of course a statement can be given in terms of the cutting of
the magnetic lines by the conductor which is mathematically
equivalent to what I have Just stated. But I do not think that
physicists will ever wish to substitute this statement of the law
in terms of line-cutting for their own formulation, hecause in
many cases, such as a transformer, one has to introduce a motion
of the lines themselves that is imaginary and arbitrary, or at
least not susceptible of observation, and then in order to make
any calculations one passes right back from the line-cutting
conception to the variation of flux that is referred to in the
physicists’ statement of the law.

If it were possible to state a simple general law for the electro-
motive force imduced in each part of the circuit, this sliding-
contact difficulty would disappear. For the dynamo type of
induetion, where the conductor moves and cuts the flux, such
a law can be given, and is, in fact, well known. But in the
transformer type of induction, where the flux itself moves or
changes, the exaet location of the induced e. m. f. can be found
only by solving the Maxwell equations for the electromagnetic
field, and such a solution has to be worked out anew for each
special case. Under these circumstances the simplest plan

would seem to be the one actually adopted, to state the value of
the e. m. f. in the whole circuit in terms of the total flux.
Hering are interesting

5. The experiments deseribed by Dr.
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but are quite inconclusive. Every one of his results is easy to
explain in terms of the familiar “motor rule’’ for the transverse
force on a conductor, although in the absence of quantitative
measurements one cannot always be sure which of two or more
factors is actually effective.

Thus in Figs. 3 to 7 inclusive the magnetic field produced by
the liquid part of the circuit has in all cases the right direction to
aceount for the motion, which is due to the transverse forces
thereby exerted upon the moving piece. In Figs. 3 and 6, this
force must be greater upon the vertical part that dips into the
narrow trough than upon the wire dipping into the broad one
because of the difference in concentration of the current. I feel
pretty sure that this explanation is'correct but eannot be quite
certain of it in the ahsence of exact data which would make
possible a numerical check.

Figs. 16-17 are unusual only in the presence of a sliding contact,
which has to be treated here in the same way as one treats it in
applying the law of induction if one wishes to deduce the motion
from the law that a circuit seeks to increase its flux. Or, the
usual “motor rule”’ for the force on a conductor is also easy to
apply and gives the correct results.

In Figs. 9 and 12 the argument turns upon an application of
Newton’s Third Law. But, owing to experimental difficulties,
the validity of this law has never heen established for current
elements. As a matter of fact, if the modern theory of the
electron is correct, Newton’s Third Law does not hold, in general,
for the mutual actions of two moving electrons (although by
modifying its meaning the law can be made to hold for the elec-
trons and the ether taken together), and it follows that action
and reaction are not usually equal for two current elements
(or for a current element and a magnet), although the law is true
for an element and a closed cireuit. Thus, before Dr. Hering
ean infer from the existence of a force upon V in Fig. 9 that there
will be a longitudinal forece upon H, he must prove by experiment
that Newton’s Third Law holds for parts of circuits. Otherwise
he is himself guilty of that blind dogmatie faith in old laws of
which he accuses the physicists.

The observed motion of /I in Fig. 9 arises, I think, from forees
at the ends, where the currents are unequal.

As to the motion in Fig. 18, I shall associate myself with
thosewho, according to the author, ascribe it to the pinch effect.
The magnetic field at the mouth of the tube leading to R pushes
the mereury toward the axis of the other tube and so causes the
flow. That is, the mercury just at the end of the side-tube is
itself squeezed toward the axis of the main tuhe and so is prevented
from escaping into I2, as Dr. Hering thinks it should. I have no
desire to he presumptuous, but in reading Dr. IHering’s dis-
cussion of such cases I am sometimes led to wonder whether he
has not underestimated the training in habits of exact and
consistent thought whieh is necessary in order to reason correctly
about, hydrodynamieal phenomena. .

The more complicated motions in Figs. 8, 10, 1, I should also
ascribe to the same action as that which produces the pinch
effcet or to analogous aetions upon solid eonductors.

Thus none of these experimenis points unmistakably to the
existence of a longitudinal force.

Carl Hering: The present diseussion, the far more extended
though unfortiunately unrecorded personal discussions for some
years, and the republieation of a translation of the entire paper
in a Freneh journal, in many of which there are a number of
quite favorablo comments, are far more oneouraging than was
to he expecled from the strenuous efforts which were made
ugqirmt the neceptance, publication, and reading of this paper.
It is no eredit to our profession that modest attempis, based on
expurimental reseorchos und diseussions extonding over years,
to bring some of the acknowledged antiquated factors in our
branch of scionee up-to-date in order 1o correspond botter with
modern developments and to open up new fiolds, if any, which
orthodox tenchings bad elosod to us,—should be discournged hy
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being met with such strenuous efforts chiefly by book writers and
teachers, to suppress their publication, even including public
attempts at personal ridicule, instead of being welcomed and
encouraged by co-operation and constructive eriticism. A true
seientist is characterized as one who is grateful instead of angry
to have pointed out to him any shortecomings, imperfections,
inadequacies, omissions, possible errors, etc., in the orthodox
views, and suggested improvements open for criticisms.

Apart from attacks on things I did not say, the discussion
did not prove a single error in any important point, and it is safe
to assume that if the paper had contair}ed any actual error it
would surely have been brought out and used as ammunition by
the opponents to the suggested reforms. Hence the statements
in the paper must be allowed to stand on whatever merits they
may have. Differences were entirely on matters of opinion and
not on matters of fact; attacks on things I did not say are not
proper discussions. Many of the unorthodox statements were
not attacked at all, which may be significant.

The proposed general law of electromagnetic motions was
not only not attacked but was upheld and proved by others;
engineers and students may, therefore, now teel safe to depend
on it; I have for years found it far more useful, clear and direct
in practise than the older laws which it is intended to replace.
Students will be pleased that they need no longer burden their
brains with complicated and confusing definitions of that
subterfuge ‘“sliding contaets.”

The strenuously opposed and long neglected longitudinal
foree was strongly upheld by some able discussers and disproved
by none; the worst that opponents could say about it was to the
effect that they could get along without it. The verdiet of the
opponents is to the effect that the old laws are good enough for
them; their students and followers may fall into the same pitfalls
that I did years ago while I still had gospel faith in our old laws,
and they will not be able to use some useful available new tools,
the lack of which may handieap them in competition with those
who are not hidebound to traditions, and in the developments
in new, formerly forbidden fields which now appear to he open
to us.

Practically the only attack of importance by several discussers,
coneerns those old laws which are to the effect that there must
always be an increase of flux and of self inductance when a
gystem does mechanical work. These critics claim that 1 have
denied the corrections of these laws. As there is no such denial
in the paper, these critics in this case as also in several other
cases in whieh I did not say what they are attacking, have merely
set up a straw man in order to have something to knock down.
Discussers ought to read a paper carefully before they attack it.

I had even admitted that in many cases these laws apply
correctly, although in some a highly involved, very artificial,
confusing definition of sliding eontaects (like the very old one
used in Prof. Morecroft’s disecussion), or other limitations, must
be included to mako them apply. Many misfits can be mado to
fit, and our ignoranece be made to appear to be wisdom (at least
to the unsuspecting student), hy resorting to an involved
definition of sliding eontacts, especially when the student eannot
understand the definition.

What | did elaim, and do so still, now even stronger than
hofore, ag my opponents could not deny it, is that theso laws are
special ease laws, and not the most fundamoental or universal
ones. A universal law is one which ean have no oxcoptions, bt
these oldor laws have, as was clearly shown. To exclude these
exceptions (and probably others also) it is absolutoly necossary
to rond somo limitations, restrictions or qualifieations into the
law, 80 that it will it and not mislend; these, of ecourse, mako it
n spocial case law, as it then adiittedly does not apply outside
of these limitations. This, of course, leaves us without any law
for all ensos outside of those limitations, whieh is the best proof
that il is not a univorsal law. "Thore may perhnps ho very
useful cases which are outside of these lLmitations. One of
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these proposed rest.rictimm:is “provided the m. m. . does not
change;” another is “provided there are no struoturnl ehanges,”
yet in every motor there aro eontinunl structural changes of the
oirouit at the commutator. Moreover it is surely no erime to
change the m. m. f. or make struoturnl changes, il something
useful may be gained thereby, and for these cases wo had no
laws.  One of the chief purposes of this paper is to help those
who desire to work in new and formerly forbidden fields.

In my opinion taking refuge behind a “sliding contact”” to
make misfits fit, is unseientific and a tacit admission that there
is something wrong somewhere, cither in the subject or in the
teacher or book writer, when that old fashioned subterfuge
becomes necessary. Sliding contacts used as a subterfuge in
explanations ecan now be (as I have shown), and should now be,
ruled out as obsolete, if they are not, the students have my
sympathies. Moreover these laws seem to be taught so as to
leave the impression in the mind of the student that such inerease
of flux and self induction were in some mysterious way the
cause of the motion (which they are not, though in many cases
they are incidental to it, due to the connected outside souree of
energy, as I showed), and that without sueh inerease there could
not possibly be any self produced motion; this is not true and
ought not to be taught.

The self inductance (a purely geometric quantity) depends
greatly on the number of turns, while the flux and flux energy
(on which the forces depend) are quite independent of the number
of turns being a fuoction only of the ampere-turns; for the
same ampere-turns and a given reluctance, hence for the same
flux and flux energy, the self inductance may have very greatly
different values when the number of turns is changed; to give
the student the impresssion that the self inductance and the
flux and flux energy always go hand in hand, is positively wrong.
To define 4 in terms of B when B varies greatly with a factor
that does not affect A4, is not a proper definition. By combining
the self inductance and the current as one quantity (representing
flux and flux energy) useful laws and undoubtedly correct
caleulations may be made, as admitted in the paper, but the
student should by all means be told (though apparently he is
not) that this is limited to special or restricted cases, and is not
universally true; this was shown in the paper.

The presence of iron moreover increases the self inductance
and the flux very greatly, yet the flux in the iron may not always
be free to produce motions; an iron pipe around a centrally
located conductor would presumably not increase either the
pinching or the stretching forces, notwithstanding the greater
flux and self inductance. Hence formulas based on self in-
ductance may sometimes give wrong results.

The chief other point in the paper which the opponents
attacked, though ineffectively, is the one concerning the two
rings at nearly O deg. absolute, though no one has shown the
statements made in the paper to be incorrect; this ecase shows
clearly that the flux and flux energy dimninish when there is self
produced motion. In this case the two rings were, and must of
course be, considered together as forming one system; to treat
one ring and its linkages by itself, as some have done, leads to
nothing new and useful, and is improper as one ring does not
constitute the whole system.

The real purpose of this example was apparently lost sight
of or was not grasped by the opponents, namely to completely
separate an electromagnetic system, containing stored energy,
from any outside source of new energy, in order to be able to
study this stored energy alone and by itself without any inter-
ference by new energy. This can easily be done with electro-
static systems, but it is believed that this is the first time an
experiment was devised in which this could be done with an
electromagnetic system. Our old book laws (like the very old
Kelvin law) were always based on the wunited action of two
things, the stored energy and a source of new energy inseparably
connected; never before (I believe) could the stored energy be
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experimontally studied separately, and this is very necossary in
ordor to got at the roal fundamentals. A singlo equation with
two unknowns cannot give tho values of each by itself, it is
incomplote information; 8o is an experiment or luw imvolving
the inseparable joint action of two factors, as in the old Kelvin
law.

The above answers the discussion in general. "The con-
structive discussion of Dr. Mailloux is a contribution of value and
importance. Iis remarks about infinity are espeeinlly im-
portant, as they explain the absurdities, inconsistencies and even
serious fallacies arrived at by even able expert mathematical
physicists when they have recklessly jumped into that dangerous
abyss, infinity; and still worse, have thon tried to force thoir
unaceeptable conclusions on to the more cautions thinker or on
to the trusting, unsuspecting student, thereby tending to muddle
his brain and to ehecle progress. The bringiug out of his dig-
cussion on infinity has been one of the uscful fruits of the paper.

His references to the able work of some of the older FFrench
physicists who sometimes disagreed with Maxwell, will no doubt
surprise the orthodox, hidebound, Maxwellians who seem to
consider it a erime to even question anything which that ad-
mittedly brilliant mathematical physieist said 50 years ago, as
though progress in science was not possible. The write r, who
has discussed these subjects for years with many, has found that
there are many progressive physicists who do not consider all
the 50-year-old Maxwellian views to be incontestible today, and
who admit that progress has since heen made. Able physieists
have admitted that the Maxwellian “‘complete circuit” restriction
has long ago been abandoned as the most fundamental ease and
is now out of date and behind the times; it refers to a special
case only (though the most usual one) and when so restricted is
very useful. Today we must admit that an electron can start
from rest at a point A, move to a point B and stop there, that is,
1t is no longer necessary to involve all the other electrons in the
world or universe in this localized action. The old coneeption
that the “complete circuit” is the most basie fundamental one
has checked progress and is now antiquated: students should
be told this.

Dr. Mailloux’s statement that Mascart and Joubert recog-
nized the stretching force, is interesting in view of the strong
opposition from lesser lights. That Bjerknes thought all the
actions in his experiments could be explained with a single
force, is of interest as his experiments were made in liquids
which we know act hydro-dynamically. Dr. Mailloux’s criticism
of the clause “‘action at a distance” seems to be due merely to
different uses of the term; moreover it is used only ineidentally
in the paper.

Prof. Karapetoff lays great weight on the old Kelvin law.
The pioneer dynamo and motor builders, who were no doubt
brought up on that law, as I was, soon had to unlearn it in order
to construct dynamo and motor installations having a greater
efficiency than 50 per cent, which is the greatest that this law
proclaims. Practical men must sometimes set aside old theories
that mislead. His insistance on a “constant current’”’ shows
that this law does not apply to my two-ring example in which
there is intentionally no source attached to the system. He
evidently did not read the paper carefully as the paper does
show several cases in which ““the coefficient of self inductance is
smaller at the end of the motion than it is at the heginning.”
To exclude these exceptions so-called ‘“‘patches’ (limitations)
must be put on the old law to cover the dents made in it by these
cases; the law then is admittedly mno longer a universal law.

He condemns the paper because it does not also give quan-
titative results and for that reason calls the experiments
“inaccurate,” which seems improper criticism as the results in
all cases were very decided and left no doubts. In every new
investigation qualitative experiments are, and should always be,
conducted before the quantitative ones, and the fact that they
must be made first should not condemn them. To condemn a
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paper because it does not contain what it was not intended to
contain, is not fair eriticism.

But in this eriticism he (like others) ignores completely a
most important and cruecial quantitative result shown in con-
nection with Fig. 6, namely that the longitudinal force so strongly
opposed by the orthodox physicist, actually overpowers the
standard perpendicular forces on which the orthodox physicist
depends entirely for the support of his theories; this surely is
decidedly a quantitative result, not only in amount but in
sign also.

Prof. Morecroft admits he does not understand the paper;
as many others have understood it, it seems that the fault is not
mine. Yet he discusses at great length what he admits he has
not understood! As he differs from many others in his views,
his free and unqualified use of the term “fallacy” is not a serious
matter; it expresses only his opinion. The difference between
kinetic and potential energy is a relative one; the pressure of a
confined heated gas often and properly considered as potential
energy, is a bombardment of the molecules, hence kinetie, in a
sense. Maxwell has also treated magnetic energy as potential.
The kinetic energy in a spinning gyroscope may be considered as
potential in some problems; it is a case of relativity again.
There is nothing in the paper which warrants his saying that I
thought “that the idea of a current flowing in such a eircuit
(Fig. 1) is a new one,”" in fact I said “it is known.”

The conception in Fig. 1, is as old as the electron theory. In
saying ‘‘it is necessary to consider every circuit closed” he is
not in accord with many of his more progressive colleagues.

His long and very complicated deseription of my 15-year-old
experiment, is a mere republication of an old argument published
fifteen years ago, which I thought by this time was considered
out of date and behind the times. It well illustrates the des-
perate efforts which many make to seek refuge in the “sliding
contact’’ subterfuge. There are at least several other cases
(Jour. Frank. Inst. Nov. 1921 Figs. 4 and 6) and probably many
more, of which he does not appear to be informed, in which the
linking and unlinking of flux with a closed eircuit induces no
e. m. f., and for each of these he would have to invent a new
theory of the “sliding contact.” The alternative to his long,
complicated description is the simple statement that to induce an
e. m. f. the flux must cut the material of the conductor and not
merely the eircuit. 'This I understand also agrees with the more
modern electron theories. It ean safely be left to the students
and engineers which of the two explanations they prefer. If
they are not taught the latter, they have my sympathies, as they
may then fall into the same pitfalls that I did before I found this
important difference between the eircuit and the conductor,
which I believe is now generally recognized by progressiv‘e men,
as it is easily proved. It has now been known for ahout 15
years and no one has shown that it is not correet, although
strenuous attempts have been made for years by theorists to
digprove it, or failing in this, to suppress it, merely because it
interferes slightly with their 50-year-old theories and their
present teachings.

Prof. Morecroft says that it seems that I am ‘“more amenable
to experiment than to caleulus.””  Yes, this is true when the
caleulations arpg hased on man-made laws; in experiments nature
talks to us.

His explanation of the constancy of the flux in a motor rests
on the sliding contact subterfuge, hence involves a complicated
dgscripbion, which the student could be spared. Concerning
hig very extended remarks about my (and his) Fig. 4, he again
accuses me of saying what is not in my paper and which I
purposely avoided saying, as I knew long ago and published it,
that the flux does increase; he evidently is not posted on what
has heon published, and hig experiments were not nocessary.
What had misled so many physicists to giving the wrong zmswt;r,
was the impression which the old law gives, and which I think
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is even stated in those words in some books (as is admitted above
by Prof. Kennard) and by some teachers, is that ‘“‘a circuit
tends to expand” which are the words used in my paper. It
was therefore not I but others who had “jumped to the wrong
conclusions.” That a cireuit can “‘so arrange itself” that the
flux diminishes, was clearly shown in the paper, as he will see if
he reads it. His law needs a ‘‘pateh” to make it fit; as he states
it it is not a universal law.

The remarks of Mr. Mills, as also unpublished discussions of
other progressive men who are versed in the new electron theory,
are very encouraging. It seems that many of the proposed
reforms suggested in the paper, fit in with the electron theory.
“Thermal effects” do not necessarily enter into the experiments
Figs. 3 and 6; the action is instantaneous.

Mr. Doherty, like others, has overlooked the decidedly
“quantitative test’” shown in Fig. 6, in which the longitudinal
force was greater and opposite to the perpendicular force in
which many physicists rely. He is evidently unfamiliar with
the now classic Onnes experiment; the explanation which he
says he “cannot fathom’ is that the current was generated by
drawing a single magnetic pole through the ring, as described in
the paper. He has not proved that the deductions made in the
paper “are wrong.” I have replied above to the discussion
of this experiment. To avoid the dangerous “jump to infinity’”’
so ably discussed above by Dr. Mailloux, I have assumed that the
temperature was.only very near zero (as it actually was) aud that
the experiment was performed quickly. In reference to the
general law proposed in the paper, he says I had assumed a
“‘constant eurrent;”’ he will not find this in the paper; he ought
to have read it more carefully before making that statement.

Prof. Kennard says “Of course, in caleulating the change in
flux one must imagine the current to be kept constant.” This
is just what I claim should not be done when one is seeking the
fundamentals. In my two ring experiment I have succeeded in
separating the source (which ordinarily keeps the current con-
stant) from the stored energy of the flux, and this shows (what
no one has or can deny and what he himself proves) that the
current (and therefore the flux also) diminishes when the flux
energy is used up in doing work.

He refers to .one ring; the “system’’ consists of two rings
and they must, of course, be considered together as one system,
as I did. I am pleased that he admits that ‘‘some text books
make wrong statements”’ about a circuit tending to enlarge
(my Figs. 4 and 5). In saying that “sliding contacts are a
nuisance”’ he ought to have added, to the theorist who tries to
make misfits fit (and to whom they are really a blessing) ;
starting with better laws they drop out completely as a subter-
fuge; sliding contacts are extremely useful in practise. Ap-
parently in order to meet the well known exceptions gto the
linkage law, he says *‘a circuit means a closed filament of matter.”
I differ with him decidedly, as I have shown in the paper some
extremely important differences, which every student ought to
be taught, between a “circuit’”’ (as usually considered) and the
“material”’ of the conductor. Moreover an e.m.f. can be
induced in an open circuit, a straight bar for instance. To me it
seems clear that a line of flux ean vanish by converting its energy
into mechanical energy, hence be unlinked (in effect) without
inducing an e. m. f.; but this view may not yet be generally
accepted. In his thought that physicists will never adopt the
line-cutting eonception for that based on linkagos, he is mis-
taken as there are prominent ones who long ago have done so;
students ought to he taught both.

I am quite willing to leave it to students whether my expori-
ments are quite “‘as easy to explain” by the old laws as by the
proposed new ones. Surely no one but a “heretic” would ever
have thought of making these experiiments (which even oppo-
ents admit are interesting) and in every c¢ase tho results were as
predicted. Irepeat here what | have often said before, that if
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a teacher, who is responsible for what his students have learned,
were to ask them what would happen in somo of these casos,
they would probably give the wrong answer or none at all. In
questioning the validity of Newton’s third law, I think Prof.
Kennard has few if any followers. I admit having “blind dog-
madtic faith” in this law. Iis explanation of the forces in I'ig.
9, are contradicted by the facts. In not accepting tho longi-
tudinal force he differs with many others, including more
especially some noted French physicists, like Ampere, Mascart,
Joubert, ete. When he says that Fig. 8 can be explained by the
pinch effect, he shows that he has not read the paper or does not
understand the pinch effect, as the observed motion of that chain
Is in the reverse direction to that which would be produced by the
pinch effect. In conelusion he seems to intimate that I have not
been trained “‘in habits of exact and consistent thought.” As I
have also been accused of exactly the reverse (being too exact
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and consistent in interproting the old laws), Ileave the verdict
to tho studonts and ongineers who may read the paper.

In conclusion, now that these proposed reforms have been
thoronghly discussed, some of them for years, the engineor and
the studont may form their own opinion as Lo whether they find
the new or the old more usotul, direct, eorrect, reliable and I 88
misleading. In some respeets, the choice is & matter of opinion.
With liquid eonductors, like in electric furnaces and in clectroly-
sis, in which these foreces have greater freedom of action than in
solids, the new method will be found to be far more helpful and
reliable.  The open minded progressive student may find inter-
esting departures in new fields formerly closed to us.

Those interested in the subject of this paper will find some
additional matter in a note on “Magnetic Flux Around a
Conductor,” by Carl Ilering, A. I. E. L&, JournarL, May, 1923,
p. 519,

Discussion at Spring Convention

SOME FUEL DETERMINATIONS MADE ON LOCO-
MOTIVES OPERATED BY THE SOUTHERN
PACIFIC SYSTEMS!

(Bascock), PirrsBurcH, Pa., AprrIL 25, 1923

Cary T. Hutchinson: There are several deductions from the
test data with which I am not in entire agreement. These
concern the method of analyzing the data rather than the
routine of the tests, of which I have no know ledge other than
given in the paper. Using the data presented by the author, I
am led to certain results which do not agree with his; possibly
some of these can be charged to the small scale of the diagrams
presented in the paper and others possibly to my failure to under-
stand the method of presentation. It seems worth while to call
attention to them, if only to bring out an explanation.

The author says (p. 338) ‘“wherein the curve (of Fig. 5) as
drawn has heen adjusted to give fuel requirements for constant
speed.” This, I believe, is the only explanation of the method
of construeting this curve and it is not at all clear to me just what
is meant by the sentence.

The curve is straight in its upper branch. This means that
the oil-rate in gallons per thousand ton-miles (abbreviated
M-t-m. herein) is a minimum at maximum values of tractive
force. The equation of this_line is

G = gal. per M-t-m. = 1.3 + 0.78 1b. 'ton (1)

For a 1 per cent grade and 7 lb. /ton, this gives G = 22.3.

This form of equation cannot be correct since at maximum
tractive force the engine is working at maximum cut-off, and
necessarily at higher steam rate; the curve should he concave
towards the z-axis.

Equation (1) represents the author’s conclusions with respect
to the oil-rate at constant speed. Presuming it for the moment
to be correct certain deductions follow:

For oil weighing 81b. per gal. having 18,000 B. t. u. per lb.
equal to 144,000 B.t. u. per gal. the equation connecting oil
rate and thermal efficiency is:

e.n =237 )
where n = gal. per kw-hr. and e = thermal efficiency in per cent.

The equation connecting tractive force, or any force, and the
work done per mile by that forece is:

Watt hours per mile = 2 X force in pounds and in the
present case

K = kw-hr. per M-t-m. = 2 X 1b./ton 3)
From equations (1) and (3)

G/K = gal. per kw-hr. = »n =0.39 + 0.65/(1b. /ton) (4)

This equation gives for the maximum value of n, 0.39 gal.
and the corresponding maximum efficiency 6.08 per cent. For

1. A. I. E. E. JourNaL, 1923, Vol. XLII, April, p. 335.

Ib. per ton = 53, the maximum value found in the tests, n = 0.40
and the efficiency = 5.93 per cent.

The author, however, on page 338 deduces a maximum thermal
efficiency of G.41 per cent; the reasoning followed in deducing
this figure is, in my opinion, erroneous; it gives the thermal
efficiency of the increment load and does not carry with it any
allocation of the no-load losses. It is, therefore, not correct to
say that it represents the thermal efficiency of the engine under
any conditions. The actual maximum thermal efficiency, based
on the author’s curves, is about 5.93, 0.5 per cent less than the
figure given by the author; this “maximum,” referred to draw-
bar, hecomes 4.45 per cent as ¢ xplained hereafter,

The author says (p. 339) “the over-all efficiency determined
by this test was 5.57 per cent. It is the ratio of the integrated
foot-pounds of work done by the engine whenever the draw-bar
pull was positive, to the total energy in the fuel used over the
same time. Apparently it is constant for all grades greater
than 0.5 per cent.”

As already explained, the curve of I'ig. 5 is not hased on con-
stant efficiency, but on efficiency increasing with tractive force.
For an 0.5 per cent grade the efficiency is 5.57 per cent; for
1 per cent grade, 5.7 per cent, for 2 per cent grade, 5.85 per cent.
The author does not give the derivation of this value 5.57 per
cent as the average, but it may be taken to represent the average
thermal efficiency when the engine is doing work, based on the
oil used during those periods, eliminating all oil used at terminals
and also all oil used when the tractive force is negative; this
efficiency is referred to the rim of the driver and not to the draw-
bar. Using this value and the equivalent grades, the author,
in Table V, parts 2 and 4, computes the oil consumption when the
engine is doing work, and from other tests adds the oil used when
the engine is at terminals or drifting. Using these tables I
find the following:

East- West-
bound bound Both

Total oil, for positive tractive force. .. . .. 1550 547 2097
“ “ stand-by and negativet.f...... 291 409 700
« “ fortherun.... .. . . .. . . 1841 956 2797

The thermal efficiency, based on total oil used referred to
drivers, is then

5.57 per cent X 2097/2797 = 4.17 per cent
But, the only efficiency that is significant in a comparison with
electric drive or with any other form of motive power is the effi-
ciency referred to the draw-bar. The locomotive is a machine
to do the work of hauling a give n load. This work is measured

at the draw-bar behind the tender. If one form of motive power
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is intrinsically heavier or less efficient, this should be charged
against it in any comparative staterent.

From the data given, the train with the tender about two-
thirds loaded is 250 tons engine and tender, 750 tons trailing.
The efficiency at the draw-bar then becomes

4.17 per cent X 0.75 = 3.12 per cent
Similarly, the maximum efficiency wlen referred to draw-bar is
5.93 per cent X 0.75 = 4.45 per cent

The test results then give an average efficieney, measured at
the draw-bar, of 3.12 per cent, equivalent to 109,000 B. t. u.
per kw-hr. This is the result of test runs, and there can be no
doubt that the average results under service conditions will not
be as good. If the fuel under service conditions be assumed
about 15 per cent more than under test conditions, a conservative
estimate, the average use corrected to service conditions, is
125,000 B. t. u. per kw-hr. at the draw-bar. This is equal to 10
Ib. of eoal of 12,500 B. t. u. per Ib. The corresponding thermal
efficiency is 2.72 per cent.

In a word, assuming the author’'s fundamental result, “5.57
per cent over-all efficiency,” the correct statement of this result
is an over-all thermal efficiency at the draw-bar of 3.12 per cent
with a maximum of 4.45 per cent.

A very different picture!

There are apparently several slips in the text of the paper;
for instance: The author says (p. 338) “‘at constant speed would
be 10.25 gal.”’ This does not correspond with curve which
shows a consumption under the conditions stated of approxi-
mately 8.0 gal. instead of 10.25.

Again, on page 338, second column, is the following: ‘‘and for
a 1 per cent grade, 23.3 gal.” I find from the curve, 22 .3 gal.
This is a material difference, as it changes one of his fundamental
data from 14.7 gal. to 15.7 gal., and also changes the figure for
the total resistance given at the top of first column of page 339
from 11.7 1b. to 8.4 1b. This, of course, necessitates changes in
the deductions in the next paragraph and in other places.

I am unable to check Fig. 6, using the data given by the author.
Tor the oil in question, having 144,000 B. t. u. per gal., a 5.65
per cent thermal efficieney is equivalent to an oil consumption
of 0.42 gal. per kw-hr.

The formula for kinetic energy is

(Miles per hour)?

Watt-h ton = 6
att-hours per ton % 6)
and hence
M. p. h.?
Gal. per M-t-m. =0.42 X M. p @

40

This gives 26.2 gal. for 50 m. p. h. instead of 27.74. The entire
curve is somewhat off.

The figure 259.7, in the last column of Table V, part 4, should
be 359.7. The addition of the column is correct.

I do not understand why the point Q of Fig. 5 should not be
on the curve; precisely the same argument applies to Q west-
bound as to H, eastbound.

These are all of minor importance.

The electric drive to replace this steam service would be a
4-axle, 110-ton electric locomotive for 750 tons trailing weight;
at 15 m. p. h. on the limiting grade, the input to the locomotive
will be less than 2000 kw. If the efficiency from power house to
locomotive drivers is taken at 63 per cent (the author assumes
70 per cent in an earlier paper) the ratio of power at draw-bar
to power house will be 0.63 X 750/860 = 0.55.

This section is ideal for regeneration and, as a matter of course,
it would be availed of. The comparative figures for the energy
used are given in Table I. The calculations of work done are
based on the data given by the author for elevations and curva-
ture, with 7 1b. for track resistance.
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TABLE I
WORK DONE AT DRIVERS, STEAM DRIVE
East- West-
bound bound
1. Weight of train tons 1000 1000
2. Work at drivers kw-hr. 3700 1250
(a) Grade................ 2760 985
(b) Curve..............-- 250 25
(€) TracKke..e..wab s obdon 690 240
3. Available for regeneration |
@ — b+ 1820 720
4. Deliverable to contact sys-
tem (75%). .« ooan - 1365 540
5. Deliverable at driver (80%) l 1090 430
6. At driver as per cent of total
VWOTK ym s mmmbe e pa bt sai 29.4% | 34.4%
7. Same, for round trip, same
tonnage both ways... ... | l 30.6%

Assuming then that 30 per cent of the total requirement 18
furnished by gravity and 70 per cent by the power station, the
relative energy requirements for a round trip are:

TABLE II
RELATIVE HEAT REQUIREMENTS STEAM AND ELECTRIC
FOR SAME SERVICE

| [ Steam Electric
i
1. Weightoftrain............... I Ton 1,000 860 °
2. Energy atdriver, total. .. ......| Kw-hr. 4,950 4,250
3. “ “ “ fromoil...... “ 4,950 2,970
4. CHENC T AT Qo % 100 60
5. Heat required at draw-bar per| l
Kw-hr.. ey ene a g ARk i B.t.ou. 109,000 45,500
6. Total heatrequired. ... ....... 108 X B.t.u.| 540 135
7. 5 2 A me b 100 25

This means that in comparison with the author's test result,
electric drive would reduce the fuel required by 75 per cent—a
ratio of steam to electric of 4.

If allowance be made for the difference between test and serv-
ice conditions this ratio will be even greater.

These results are in practical agreement with the estimates of
the Super-Power report.

N.W.Storer: Now, I think Dr. Hutehinson has struck some
of the very points that I had in mind. In the first place, the
train friction, train resistance, is a variable quantity as every
one knows. We know it is lower at low speed than it is at high
speed. Seven pounds per ton seems to me to be too high to
assume for the train friction over that entire line, and then, too,
the attempt to find the locomotive friction is taken as the dif-
ference between two per cent and one per cent grades.

Well, that assumes identical conditions of train resistance and
of locomotive efficiency for the two grades. We know that they
were running at different speeds, and therefore, at different
efficiencies, and different amounts of power required for train
resistance.

W. J. Davis, Jr.: The tests of the oil burning Santa Fe type
of locomotive as carried out by Mr. Babecock are particularly
interesting and valuable because of the accuracy of the methods
used and the detailed analysis of fuel required for the various
demands of the locomotive before and after being called for duty.

It is to be hoped that further tests may be made on other
types of locomotives such as Mallet compounds, Mikados and
Pacifics and under a wider range of operating conditions.

The results of these tests appear to be materially better than
would be expected from a coal burning locomotive; due possibly
to the elimination of cinder losses, which often exceed 10 per
cent in heavy grade work, improved adjustment of the air supply
and closer regulation of the steam pressure. The superiority
of oil over other kinds of fuel is even more marked in railway work
than in central stations which are under no restrictions as to
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methods of hundling the sonl or regulating the tring and stonm-
ing conditious of the furnaces und boilers.

The paper is opened with the statement that “one of the prin
aipal arguments advanced in fuvor of olectrifiontion is the large
saviug in fuel sure to result therefrom.”  While the item of tuel
consumption is undoubtedly important in muking a detailed
comparison of steam with dleotrie power, 1t is doubtful if this
fenture has proved a countrolling fuctor in any olectrification so
far earvied out in this country. Although of sonsidernble mag-
nitude, the sa 7ing in fuel is usually offset by the fixed charges,
maintenance and operating expenses of power house, substations,
transmission line and dist ributing systen, so that as a rule, thero
is just about an even break between the cost of olectrie power
and the cost of locomotive fuel.

The most important reasons for electrification are, that it is
the most reliable. the most flexible and under certain conditions
the least expensive in capital cost of all available methods of
transportation. The absenco of any practicable limitations to
power requirements as expressed in terms of tractive efTort and
speed, permits large increases to be made in the capacity of
existing tracks with material reduetion in train and engine crew
wages and particularly in the cost of oy ertime. The greatest
saving however, will be found in the item of locomotive repairs
in which the cost for the electrie locomotive is usually about
1/3 that of steam.

The freight traffic of the railroads is increasing at a rate of
between 7 and 8 per cent per annum which results in doubhling
the tonnage to be handled in 12 to 14 years. By a gradual adop-
tion of eleetric power, provision for handling this future growth
may be made for a less capital investment than would be possible
with steam power, and the savings in operation by reason of
reduced locomotive maintenance and transportation expenses
will amount to 12 to 18 per cent of the net cost of electrification.
Expressed in terms of the three prineipal items of operating
expenses, namely: Maintenance of Locomotives, Maintenance of
Way & Structures and Transportation Wages, the saving will
amount to 25 to 40 per cent. It is these factors rather than fuel
saving whieh it is believed will finally bring about the eleetri-
fieation of our more important railroads.

W. 1. Slichter: We have in this paper what is probably the
most accurate analysis of fuel consumption in railway work and
also probably an example of the most efficient use of fuel in
railway experience. It shows that in burning fuel oil under a
boiler a thermal efficiency of six per eent was attained.

Our geologieal authorities have made a report to the U. S.
Government that our known oil resources are just sufficient to
last fourteen years at the present rate of consumption. With
this exhaustion of our resources facing us it is a question in which
every citizen of the country is interested as to whether it is wise
to use our oil at this low efficieney when it is needed for internal
combustion engines where it can be used so much more efficiently
and particularly, when electrification would not only malke pos-
sible a more efficient use of this fuel but would malke 1t possible
to use sources of energy which are less limited, sueh as eoal and
water power.

F. E. Wynne: Mr. Babeock’s paper is a valuable addition
to engineering knowledge. He shows how methods of analysis,
more or less familiar to electrie railway engineers, may be applied
to steam locomotive fuel tests to determine the proportion of fuel
used for each of the several portions of the operating cycle. The
test data and derived results should be especially welcome to
those engineers whose duties require them to malke comparison
of the costs of electric and steam operation. Also, the method
may be applied to determine fuel costs for a portion of a division
where the railway’s records show only the division total.

A most commendable feature of the procedure was the selec-
tion of engine 3614 because it had a record of “average fuel
performance.” The assumption is that this engine gave such
performance in comparison with other engines of the same
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olass operatmg betwern Bukersticld and Mojuve,  Refurence
i3 made to the engine’s being preparcd for the tost. 1L wonld
ho interesting to know what this preparation comprired, that
is, was the engine plucad in nverngo oporating condition, or wuN
it brought up to the best possible mechanical condition prior Lo
tho tosts?

Another pruiseworthy feature is tho eorvection of train
waights during the runs for fuel and water con urmed, inoorder
that tou-mile figures may be accurate.  'I'hj precaution s
sometimes ovarlookod in tests. It s stated that the busie
train woights were taken from the yardmastor’ reports at the
initial points. Tt would he interesting to know whaother wo
are correet in assuming that these wore sealeweirhts,  Mr,
Babeock states that a complete vecord of fuel burned by the
locomotive was taken, including both that charged to engine-
Louse service and that charged to road servico. [fo further
states that only the fuel charged to road serviee is taken into
account in determining the “Operating Efficiency-Fuel.”  While
the use made of these values of operating efficieney is legitimate,
1t is important to remember that the fuel charged to road service
does not tell the full story of tlhe fuel-consuming ability of the
steant locomotive.  For gxample, the average value of Y2 5 per
cent given in Table 1V is checked by Tabie V for the period
designated in the caption of Table 1V, However, inelusion of
the fuel burned in "“firing up,” while “standing by" waiting for
crew, and all of that consumed hetween the engine’s arrival at
the terminal and its delivery to the engine-house, (as shown in
Table V), reduces this ratio to 84.7 per cent.

The foregoing items are important in eomparing the per-
formance of steam and eleetrie locomotives.

It is stated that Operating Efficiency-Fuel “is a mecasure of
the operating efficiency of the division organization.” This
statement appears too broad for the value of this ratio is
dependent chielly upon the amount of standing time at terminals
and on the road while efficient operation requires that engi-
neering maintenance ete., as well as dispatehing, be efficient.

It is conceivable that the Operating Efficiency-Fuel might be
high during a period of litile traffie, although the operating
efficiency of the division as a whole might be suffering from
poorly applied and inadequately maintained motive power, bad
firing, uneconomical train malk: -up, ete. Or, as applied to
individual trains, one train may he given preference without
cause and show 96 per cent of its total fuel burned in moving
the train and, at the same time, this may result in highly in-
efficient operation through the imposition of extra stops on other
trains, the production of crew over-time on drag freight trains,
ete.

It is stated that “speeds were determined by counting engine
driver revolutions.” Presumably, no driving wheel slippage,
(except in starting), was encountered during these tests. \Where
a locomotive is operated at running adhesions sueh that the
drivers slip at times, a more satisfactory method of determining
speeds is by counting idle wheel revolutions.

Train resistance is an elusive subject. It is dependent upon
S0 many variables that its value is difficult to determine. The
paper develops 4700 pounds as the internal frietion of the loco-
motive, that is, 27 pounds per ton. When the assumed 7
pounds per ton for rolling friction is added, the total locomotive
resistance becomes 34 pounds per ton, which is consistent with
determinations made for steam locomotives elsewhere.

The exposition in connection witl Fig. 6 presents a point
which, although wel) known, is too often overlooked, that is,
the fuel-saving value of drifting to the greatest extent possible
under the requirements of the schedules. I'ig. 6 is based on a
constant overall thermal efficiency from standstill to 50 miles per
hour. There is some doubt as to whether the use of constant
efficiency is justifiable over such a wide range of speed. Data
derived from Fig. 5 do not cheel very closely with Fig. 6. For
example, from Fig. 5 the fuel cost of aceelerating a 1000-ton
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train from rest at Kern Junction up to a speed of 38 miles per
hour at Magunden is 6.04 gallons of oil per 1000 ton-miles and
the distance is 3. 4 miles, giving a total fuel cost of acceleration
of 3.4 X 6.04 = 20.54 gallons. At 38 miles per hour, Fig. 6
shows 16.3 gallons; hence, the efficiency of acceleration in this
instance was apparently 16.3/20.54 X 5.65 = 4.48 per cent.

From Magunden to Edison, the fuel saved by using a part of
the kinetic energy of the train in slowing down from 38 to 30
miles per hour was 4.32 gallons per 1000 ton-miles (from Fig.
5), and the distance is 3.1 miles, showing a total fuel saving of
13 39 gallons of oil. By Fig. 6, the fuel-saving is 16.3 minus
100 = 6 3 gallons. Hence, Fig. 5 indicates that in this
instance the fuel-saving corresponded to an efficiency of 2.66
per cent.

Similarly, from Edison to Flag No. 1, Fig. 5 shows a total
saving of 21 35 gallons, while Fig. 6 shows only 2.8 gallons, so
that the fuel-saving of Fig. 5 corresponds to an efficiency of
0.74 per cent.

The closing paragraph of the paper carries a recommendation
for further similar tests in other classes of service and with other
types of locomotives. This recommendation should be heartily
endorsed hy all railway engineers, as accurate information
regarding locomotive performance is all too meager.

A. H. Babcock: The trend of the discussion makes necessary
an explicit statement that the paper is the record of a study of
fuel consumptions of a locomotive in service. The purpose of
the study was to obtain information for use by the operating
officials in their fuel conservation work: hence, every precaution
was taken to test under strictly service operating conditions.

Accurate fuel performance records are kept of the fuel per-
formance of every engine on the system. Reference to these
records showed that the No. 3614 was an ‘“‘average performer,”’
and for this reason it was chosen for the test. Offers to reset
valves or to make adjustments of any other kind on the engine
were declined.

The only preparation of the engine permitted was to install a
small fuel oil tank, a pump—to maintain constant level in the
tank,—and the oil meter; all of which was necessary hecause
the engines use gravity feed burners, and the available head
was insufficient to force the oil through the meter to the burner.

Very explicit requests were made that there should he no
special consideration on the part of the dispatcher or of other
officials in helping the test trains over the track. Every effort
was made to impress the division officials that the test was not
to be in any sense a special performance, but strictly on service
runs.  FFurthermore on all of the niee record trips a different
start engine crew manned the engine. In other words, this paper
records serviee operating conditions as nearly as possible as
they can he determined.

The train weights given were not scale weights, hut were the
bill of lading weights plus the tare marked on the carg.

Tho record given in the paper ig, then, merely that of an
espeeially careful determination of service performance without
any attempt to make comparisons; preeisely as the scientist
publishes the results of his rescarch, leaving to others the
practical application thereof in the analysis of their special
problems.

Yor these reasons it is entirely proper for Dr. Hutchinson to
make any application of these figures o pleases; and to argue
himself into any position whatever with reference to stoam vs.
electricity, or any other question. 1lo may refor the officiency
to the drawhar or to any other r¢ference point that fits his argu-
ment. In tho paper it was referred 1o tho wheol rims as heing
the one point at which the total work of the engine is done.
Obzerve please in this caso the distinetion hotween ‘‘ongine
and “locomotive.'”

Dr Hutehinson falls into several oxcusable errors hocauso of
the fuct that the curve in Pig. 5 was somowhat modiliod in the
roproduction, and also becuuse of tho failure to show the curve
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dotted between —0.5 and +0.5 grades. (See par. 2, col. 2,
p. 338).

There is also another source of error, wherein Fig. 6 is a
reproduction of a curve from one run only, whereas the figures
in the text of the paper relating thereto are for the average of
all runs.

His criticism of the shape and slope of the curve in Fig. 5
probably would not have been made had he realized that these
locomotives are designed for most efficient operation at the load
at which they are operated in this very mountain service;
consequently the curve should show an increase in efficiency
with increase in load up to their rated capacity. (See p. 341,
last sent., col. 1).

His paragraphs 3 and 4 give an incorrect picture of the per-
formance of a properly loaded locomotive, because his statement
“necessarily at higher steam rate”” implies that the engine
officiency ‘‘necessarily’’ decreases as its steam consumption
increases; which ecan be true ‘‘necessarily’” only with engines of
poor design or when badly operated. The curve shows increased
efficiency with increased load because they are well designed and
are properly operated. A good engine driver ‘‘feels his engine"’
and operates at practically constant power by increasing speed
where the grade permits. If he fails in this respect, he hears
from the dispatcher. When the loading is increased beyond
the economic point, the efficiency falls off, which is the reason
why point “Q’" is off the curve.

The adjustment of the curve to give fuel requirements for
constand speed, (p. 338), may best be illustrated by an example.
Suppose the train to enter a section of 114 per cent adverse
grade at 35 miles per hr., and to leave it at 20 miles per hr.
Obviously the difference in its energy at the two speeds helps it
over the section; hence the fuel equivalent of the energy dif-
forence must he added to the recorded fuel consumption. This
correction reduces the fuel consumption to that of some constant
speed, different of course for different grades.

e complains that in deducing the average efficiency no
account is taken of oil used while standing on sidings or at
terminals, or on assisting grades. Any application of this kind
atl once converts the question from a general to a special prob-
lem. The data given in the paper were segregated in such
fashion that an engineer considering any special case can make
accurate and precise application of the information, to any
length of delay on sidings or at terminals or roundhouses, that
may be necessary to fit his particular prohlem.

In the paragraph where he deduces an efficiency of 2.72 per
cent all his argument falls to the ground when it is remembered
that service conditions were recorded in the test, and not special
test conditions. The ‘‘very different picture’’ he draws as a
result of his studies may be turned into as many different
pictures as he pleases, by special applications of the data;
without disturbing in any way the fundamental fact that the
information given him is merely a record of service operating
facts, of goneral application.

ITis oquations (6) and (7) will agree with [ig. 6, when ho adds
the usual 5 per cent for energy of rotating parts.

Point Q does not fall directly on the curve of I"ig. 5 because
the time card rating of the ongine calls for a different load west-
bound from eastbound, and at this particular loading the ongine
was overloaded.

It is thought that if Mr. Storer will eomparoe the method
commonly used for determining locomotive internal Eriction
with that used in the paper, he will come to the conelusion that
the results given are moro than usually aecurate. urther-
more by changing the train rosistance ns givon in the tablo,
from 7 1h. to any desired figure, the locomotivo internal friction
can thon bo doduced for different conditions, with any desired
dogreo of ncceuracy.

Mr. Stiehtor probably does not undorstand that the fuel oil
ugod in the locomotives is the residue after tho motor voliele
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fuel and lubricants have been extracted from the erude oil.
In physical characteristics it is very like tar.

Mr. Wynne refers to the “operating efficiency-fuel” as a
measure of operating efficicncy of the division organization.
A locomotive comes under the control of two separate depart-
ments in railroad organization: in the roundhouse it is a motive
power machine until it passes the turntable; until it returns
to the turntable it is under the control of the transportation
department. It is easy to see therefore that if there is a tend-
ency on the part of the two members of this organization to
“pass the buck,” one to the other, the “operating elficiency-
fuel” may fall very low. The fact that on this division it is
high indicates a maximum of cooperation between the two
departments, While, by favoring the test train at the expense
of the others, it might be possible to show high operating effici-
ency for a single run, or a comparatively small number of rumns,
it would be difficult to bring this result about for the eighteen
trips recorded in the paper.

The author takes a significant satisfaction in noting that the
most valuable comment upon his work, as recorded in this
discussion, has been by those who have been over this district
personally, and therefore are in a position to have better under-
standing of the facts. Mr. Davis, in particular, shows in his
comment, the effect of an intimate acquaintance with operating
conditions on the Pacific Coast, as they are.

PROBLEMS IN ELECTRIC FURNACE
OPERATION! (ANDREAE);
IMPROVEMENTS IN FERRO-ALLOY ELECTRIC
FURNACES OF HIGH POWER INPUT?

(SARLATWALLA AND ANDERSON);
DEVELOPMENT OF THE LARGE ELECTRIC MELTING
FURNACE® (Hobpsox),

PirrsBurcu Pa., ApriL 25, 1923.

J. A. Seede: Iremember distinctly a large smelting furnace
making ferro-alloys in which the condition existed that Mr.
Andreae points out, 7.e., the charge surrounding the left hand
electrode, looking at the furnace from the transformer, indicated
that the temperature was too low to produce the required
metallurgical action while the charge around the other electrodes
indicated that the temperature was high and the metallurgical
conditions satisfactory. Such unbalanced metallurgical condi-
tions never produce satisfactory operation and no one had
made, or has made to my knowledge, such a thorough analysis
as the author has made in this paper.

One plausible reason has been suggested why the electrodes
in electric furnaces do not operate equally and that has to do
with the manner in which the furnace is charged. It is evident
that if the furnace is not charged properly and an excessive
amount of coke happens to be thrown around one of the elec-
trodes the result is equivalent to inserting a resistance between
the electrode and the charge which prevents the power being
concentrated around the end of the electrode and while the same
amount of energy may appear as heat around that electrode it
will be diffused over a large area and the temperature gradient
will be so low that no metallurgical action may result.

I am quite sure we are all much interested to read his analysis
of the conditions in the electric furnace and it is astonishing to
note the difference, where in a furnace taking a total of 2600 k.
there was a difference of 620 kw. between the input to electrodes
No.1and No.3. The suggestions for balaneing the power input
to the furnace are very interesting but it is not quite evident how
a practicable arrangement can be developed as is shown in
Fig. 6.

In Mr. Hodson’s paper a rather general statement is made
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about induction furnaces. Wo know the induction furnace has
not been 100 per coent succossful in its application to the melting
of iron and steel in the past but that does not necessarily hold
for the future and I am looking forward to the timo when, for
certain applications in this line of work, it will be o suecossful
compotitor of the arc furnace.

W. E. Moore: In diseussing Mr. Hodson’s paper on a
50-ton Greaves-Etchells electric furnace as designed for the
Ford works:

Perhaps the greatest limitation in both the design and opera-
tion of electric steel melting furnaces is the weakness of the
refractory linings.

If a refractory lining were known or could be developed that
was ideal as regards resistance to fusion, heat insulating proper-
ties, resistance to slags and resistance to eracking, it would then
be possible to design an electrie furnace in a greut many different
forms, shapes, and arrangement of electrodes and embody oper-
ating features that are not now practicable with the hest refrac-
tories known to the art.

Sueh ideal refractories would make the matter of electric are
furnace design quite simple, but unfortunately in furnaces for
the manufacture of steel the working temperature of the furnace
is so near the critical temperature of the refractories that the
refractory problem alone very largely controls and limits the
design of the furnace.

The electrode is also a very weak element of eleciric are
furnaces. If we had ideal or perfect electrodes, the problem of
furnace design and operation would also become much more
simple. IHowever, the best available materials for electrodes
are carbon or graphite. These eclectrodes are relatively weak
mechanically, comparatively poor electric conduetors, com-
paratively high heat conductors, subject to irregularities and
shrinkage in manufacture and are readily oxidizable and fairly
expensive. Although their limitations are pretty well under-
stood, nothing else is known commercially to take their place.

It is not believed, however, that the size of the three-electrode
arc furnace is limited to 30 or 40 tons. as stated in the paper;
in faet with 24-in. electrodes it is quite possible to build and
operate successfully furnaces having only three electrodes that
are very much larger than 40 tons and, furthermore, the 24-in.
electrode is by no means the limit in size of the carbon electrode.
Electrodes 32-in. in diameter are in quite successful operation
and, furthermore, there is the self-baking type of electrode which
is not limited as to size, especially when confined to the use of
stationary type furnaces such as smelting furnaces.

The wear of electrodes or loss of weight does not seem to be
due, except in a minor degree, to the amount of power passing
from the electrode into the furnace charge, but is almost entirely
In proportion to the amount of electrode surface exposed to
oxidization losses in the high temperature zone of an electric
furnace.

Since the exposed surface of the electrode is proportionate to
the diameter of the electrode and to the length exposed to the
high temperature zone, it is desirable to limit the diameter to
the minimum which will successfully carry the required current
and keep the length exposed to heat as short as possible. The
area or electric carrying capacity of the electrode being propor-
tionate to the square of the diameter and the oxidizing surface
varying only as the diameter, it is evident that a more econom-
ical arrangement is one in which the smallest numberof electrodes
are used of a diameter only sufficient to properly carry the
current: thus the power can be most efficiently brought into
the furnace on a minimum number of electrodes rather than
being divided over a larger number of smaller diameter.

It is therefore evident that in order to reduce electrode costs
there should not be a multiplicity of electrodes.

The arrangement of an are furnace by which the number of
electrode groups is multiplied is consequently moving in the
wrong direction. A lower electrode consumption can always be
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obtained by using the minimum number—-three (if a 3-phase
power system is to remain balanced under all conditions).

In fact, the ideal arc furnace in so far as electrodes alone are
concerned, would be a one electrode one-phase-bottom-contact
electric furnace. However, the power companies will not stand
for any considerable load being supplied from a single phase
of their three-phase power systems and it has been shown to be
practically impossible to carry any considerable current through
conductive refractory bottom or hearth of any size suitable for
ordinary volumes of work or rapidity of operation, since refrac-
tory bottom materials, being a source of uncertainty, give con-
tinuous trouble wherever it is attempted to carry current of
volume through conduetive bottoms in steel smelting furnaces.

There is another point in the design of the large furnace de-
seribed in this paper which is subject to wide criticism. In the
paper great advantage is claimed for the conductive hearth or
bottom carrying one phase of a three-phase transformer group
for each group of electrodes. As a matter of practical exper-
ience, well known to steel furnace operators, the attempt to
carry any considerahle volume of power through a conductive
hearth results in repeated trouble and loss. When cold the
hearth has relatively no electrical conductivity and therefore
the furnace must start as a single-phase furnace—giving a slow
and wasteful start. When the hearth gets hot, its conduetivity
inereases, that is to say, the refractory materials become pyro-
conduective: in other words the bottom materials have a nega-
tive temperature coefficient. This causes the current to center
in hot spots, still further increasing their temperature and
making a streaky and unstable distribution of current in the
bottom, resulting in channels melting through and causing the
hot metal to reach the shell and burn its way through the shell
causing what is known as a “cut-thru”’—a dangerous and vastly
expensive occurrence.

However radical the designer of the 50-ton furnace may he
or however bold and courageous as to developing a larger size,
he nevertheless seems to have been very careful in one way:
viz., he has put a false refractory roof under the furnace to catch
the molten steel, liquid slag, ete. from the ‘“‘cut-thrus” which he
is fearful may follow as a result of putting much power through
the furnace hottom.

I recently became acquainted with a furnace carrying one
phase through the bottom, in which ‘‘ceut-thrus’” had bheen
frequent, finally the hot metal cutting off the tilting serew and
allowing the entire furnace to topple over into the ladle pit. It
is understood that that furnace is being changed over to cut
out the hottom conductive feature and put all the electrodes
on top, extending through the roof.

For the peculiar transformer—eclectrode connections on the
furnace described in the paper—great claim is made as to the
accuracy of the halance of power hetween the three phases on
each electrode group. It seems evident, however, that the power
is not equally balanced on the three phases of each electrode
group.

The peculiar transformer arrangement deseribed might be
known as an un-symmetrical star-connected three-phase system
in which two transformers are of one size and the third (con-
nected to the furnace hearth or hottom) is of a smaller size,
developing practically the samo current at a lower voltage. It
is8 evident that a perfect halance cannot be obtained under all
condilions unless tho throo phases were equally loaded. Since
the smaller transformer works through the variable resistance
of tho hottom or the hoarth, and since the hearth resistance
varies inversely with the temperature, the load on the small
transformer i8 consequontly a variablo and unregulated factor
in this total load. Also it is evident that the hottom, being
non-conductive when ¢old, must he heated by gas or by the two
top electrodos of the group running singlo phaso hefore the bot-
tom will pass curront of any appreciable quantity. Aftor the
bottom becomes hot there is o tendency for the tomperature to
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continually rise and its resistance becomes lower, so that it tends
to “‘hog’’ the power from the low-voltage leg of the three-phase
system and unless that effect be counteracted in some way it
produces an unstable and unbalanced condition. The current
flow through the hearth can, of course, be limited by installing
higher reactance in that phase, but that also means unbalanced
power factor.

It must be admitted, however, if in a given furnace the number
of electrode groups be multiplied and a different phase of each
group be connected to the bottom, that the load and power
factor of the multiple group may then be practically balanced,
but the expense and disadvantage and high electrode consump-
tion and other losses of the multiplicity of electrodes makes such
multiplicities entirely undesirable.

The design embodying a multiplicity of electrodes to allow
the elaim of distributed heat, seems to be a distinctly backward
tendency because it is very important to keep the ares as far
away from the furnace walls as possible, the refractories being
the weak part of the furnace.

The ‘‘hot spots'” between the ares should be limited to the
center of the furnace and, as far as possible, away from the side
walls. By so doing the “hot spot”’ in the bath may be run at
higher temperature without injury to the refractories, permitting
more rapid formation of carbide, quicker work in deoxidizing
and refining the charge.

This single group of three electrodes is only another good
reason for building the furnace in a eylindrical shell, other
reasons being the better support by arcing-in of the refractories,
smaller amount of surface exposed to radiation, and the more
easy working of the charge due to avoidance of sharp corners
to fill with slag and cause inefficient drainage of the furnace.

In short, the design of the large furnace described appears to:
violate many of the best known principles of electric furnace
design and construction and varies so far from present good
practise that it is believed that the furnace will probably never
be completed or, if completed, will not be practical in operation.
without radical changes.

Edward T. Moore: In regard to the last paper of Mr.
Hodson: A resistor when acting as such, is subject to deterior-
ation. It does not make any difference whether it is an air
heater or, acting as it does, in the hearth of a furnace. The
refractory material, however, in the bottom of an electric
furnace depends upon the care given to it while in service.
With proper material and competent attention and repairs, little
trouble should be expected Irom a bottom conducting furnace.

The regulators would be adjusted for regulating the amperes
or voltages or combination of both and should be able to take
care of any reasonable unhalance which may inherently be in
the circuit. The instantaneous unbalancing might be consider-
able, but the average unbalancing, I think, will even up, and 1
am afraid a representative of a central station reading this paper,
not being familiar with the operating conditions, may misconstrue
the author’s intentions hecause, after all, it isn’t the small
amount of unbalancing of the circuits which is detrimental to
the central station; it is more the fluctuation of the load itself.

With reference to the second paper by Mr. Saklatwalla the
means of regulation by the watt meter prineiple on the furnaces
upon which he is working, I think are necessary, but I would
not want it inferred, when it comes to steel furnaces in general,
that this is necessary or even desirable. The regulation by the
current method seems to ho working oul very satisfactorily;
in fact, oxperiments condueted by using a Kelvin Balance
alongside of the comimon regulator dooes not show any particularly
umproved results, -

In rogard to the last paper by Mr. Hodson, a rosistor, when
acting ag such, is subject to doterioration. It doosn't make any
difference whothor it is an air heater or acting as it does in the
hourth of the furnace; therofore, of necossity, tho refractory
material in the bottom of the furnace is bound to disintegrate,
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ca,u..s'od by suel enrrent conduction. 1 think this is borne out
by inspection of the hearth of any bhottom condueting furnaco.

The reference made to the induction furnace I don't quite
agree with. Of course, we know that the induction furnace
at first developed raster {han the arc furnace; following Colby’s
suggestion in 1887, but due to ils limitations, especially in
1‘95:&1'(1 to the fact that low frequency was necessary, the indue-
t.IOII furnace didn’t develop very fast; in fact because of those
limitations the arc furnace, following Siemen’s experiments in
1878, received a very great development, and the induection
furnace was practically lost sight of.

However, with the advance of the art and ability to provide
low-frequency current in a reasonably efficient way, small units
of the induction furnace type have heen very successfully
developed and are giving very good results, and I believe, and
I am confident, that induction furnaces of very much larger
capacity will be developed and will operate suceessfully compared
with are furnaces, hecause for one thing they use no expensive

electrodes. Also the refractory situation is very much more
satistactory.

F. W. Brooke: The author makes many operating com-
parisons between so-called large three-electrode furnaces and
“large” Greaves-Etchells furnaces.

Good comparisons ean only be made on similar practises such
as let us say the American practise of electric steel making.

It would therefore be interesting to wait until such a com-
parison is available. At present the writer knows of several
three-electrode furnaces that have given very excellent operating
results on charges of 50-ton capacity in furnaces of nominal
capacities of 30 and 40 tons, but he does not know of any fur-
naces operating or that have operated on the Greaves-Etchells
system in America that have a nominal eapacity which exceeds
6 tons.

It is also somewhat misleading to state that large Greaves-
Etchells furnaces can be changed from bottom heating system
‘to the top electrode system “by change of switch”, which at
least infers that the insertion of one switech does the trick.
Electrical engineers would be far more interested, and better
able to judge by being shown the difference between the wiring
diagrams of a simple large electric furnace and the wiring dia-
grams of a ‘change-over” large Greaves-Etchells system.

The American steel maker will often put up with small com-
promises in order to obtain all round simplicity and strength,
and a short review of what such a compromise might be (if any)
by the use of the top electrode system as against, let us say, the
Greaves-Etchells system described in this paper may be of
interest to the reader.

1. Complicated electrical apparatus has already been sug-
gested.

2. As the author states, in the secondary windings of each
bank one phase has different characteristics to the other two
and therefore calls for a special transformer and two spare units
instead of one in cases where spare windings are carried.

3. Eight electrodes where six could easily have been used,
introduces complications well known to designers and operators.

4. The value of bottom heating, if obtainable, is too well
known and appreciated to further discuss. What the practical
steel maker is interested in however, in any particular furnace
such as the Greaves-Etchells is, how much bottom heating will
I obtains? And what will it cost to obtain it?

The author unfortunately did not give any data (which can
be very easily obtained) giving the proportionate amount of
“bottom heating” in the Greaves-EtcheHsl furnace. From
actual tests carried out during furnace operation this “bottom
heating’’ was found to be so very small that it can never justify
the compromises it involves.

5, Restriction to the use of basic operation only. Many
attempts have been made to operate a conductive bottom fur-
nace on the acid process but without any success, and it is an
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accopted Tact that present day aeid refractories will not eonduet
the socondary current used in regulur olectric furnace pructise.
It is this feature which has done away with many bottom con-
noections, and has made furnaces such as the Greaves-litehell
furnace look “for soine othor way'’ for the eurrent to flow. [n
the latter case it has brought aboutl a practical condition which
the author himself states when referring to a competitive furnace
as being “one of the objections.”

It is interesting to note the fundamental prineiples which have
so lar prevented any real success in bottom heating in electrie
furnace practise.

In the first placo it is an unfortunate fact that materials
whieh are electrically conduetive are also thermally eonduetive.
Therefore any furnace hearth which is in itsclf eonduetively
electrical, will also dissipate heat more readily and give a high
power consumption.

Secondly, as already stated, only basiec bottoms can be made
to be conduective and once more it is unfortunate that basie
refractories at their present development will only stand up at
their very hest the heat from a steel bath and any external heat
such as "bottom heating” will rapidly effect their life, especially
when put in under the condition employed by the Greaves-
Ltchells system. It is here interesting to note that the writer
in his endeavor to improve this condition once put in a 6-ton
basic lining in the standard “burnt-in” way and soon found it
was non-conduective and had to he torn out.

If the power represented by the “hottom’’ phase of a Greaves-
Etchell system were all converted into heat and this heat applied
as bottom heating then the lining would not stand up for one
single melt.

It will be noted in Fig. 4 that the designing engineers saw fit
to put a double refractory lining underneath the furnace lining
proper, which is referred to as a double lining with an air space
between.

Reference has been made to halanced electrical load being
obtained for any hearth resistance. This would be quite possible
in the Greaves-Etchell system if the hearth resistance were
known, but this hearth resistance is not only unknown when
the transformers are designed but varies to such an extent that
the drop across the bottom ranges from 5 volts to the full im-
pressed voltage even in one heat, and it is easy to see that when
the latter is the case the bank is operating under single-phase
conditions. while this is the extreme condition, there is also the
every day condition of constant hearth resistance variation and
each bottom vary ing according to how it is put in and kept up.
What then is the use of a mathematically proved balance (hy
vector diagrams or otherwise) when any proof presupposes a
known resistance?

If any furnace gives a presupposed mathematically correct
perfeet balance it is surely the simple top electrode furnace
\\.'here we have three phases all alike, and where the only upset-
ting f‘gatures are due to regular furnace design and steel melting
practise and these features are common to all furnaces.

E. B. Dawson: In regard to Mr. Hodson's paper, I think
that possibly a little data in regard to the voltages that are used
on the 60-ton furnace might be of interest. Mr. Hodson states
that furnace users have transformers with a capacity of 12,000
kv-a. That 12,000 kv-a. is divided into four 3000 kv-a. units.
Th.e 3000 kv-a. units are further divided into three single-phase
un¥ts, all the three units mounted in the same tank. The two
units ""hiCh supply the top electrodes have a capacity of 1150
ky—a. w1th a maximum low voltage of 90 volts, with taps in the
high-tension voltages to give reduced volts of seventy and fifty.
The short le'zg has a capacity of 700 kv-a. with a maximum voltage
of thirty-nine volts, and taps in the high-tension for reduced
voltages of 32 and 25.

It might be noted in connection with Mr. Hodson’s statement
regarding reconnecting the transformers to operate with an acid
bottom that such reconnections necessitate the use of a separate
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transformer for each set of two top electrodes which is the reason
that they have the four transformers here for this furnace.

F. V. Andreae: Answering Messrs. Seede and Moore, I am
aware that some of my suggestions for balancing the loads of the
three electrodes are rather unsatisfactory from the point of view
of the power companies.

My aim was to put the whole problem on a solid mathematical
basis, and to show how the equations could be interpreted. Onece
the operator has a clearer view of his difficulties he is better able
to attack them.

In answer to Mr. Moore, I wish to point out that the unbalanec-
ing of which I am speaking is not momentary but continuous,
and is due to the disposition of the bus bars. In a ferro-alloy
furnace of low power factor, say around 75 or 80, the operator
has to choose between two evils. If he tries to keep his high-
tension circuit balanced to please the power company his furnace
will be quite unbalanced. If, on the other hand, he tries to
balance his load in the furnace by equalizing the power under the
three electrodes he unbalances his high-tension circuit. He will
therefore have to compromise and if he has several furnaces he
can easily connect them in such a way that the disturbance of
the power company’s line will be kept within satisfactory limits.

B. D. Saklatwalla: In the discussion the matter of uneven
balance of the electrodes in a three-phase furnace has been
brought out. The conditions of the bath at the electrodes can
be kept uniform, avoiding an unbalance, by proper feeding of
raw materials. In the case of the ferro-vanadium furnace this
is achieved by a continuous feeding of the material between the
electrodes at a rate commensurate with the electrical load.

Another point brought out by the diseussion is the possibility
of the use of the induction furnace in competition with the arc
furnace. Besides circulation of the bath and other mechanical,
or rather hydro-dynamieal, effects, the passage of current through
the molten metal may have effects of a molecular or even elec-
tronic nature depending on the electro-magnetic forces set up
within the fluid metal. A study of such electromagnetic in-
fluences may prove some superiority of induction furnaces over
that of the arc type, achieving a more perfect refinement of the
metal.

A. N. Anderson: Theregulation of the power input in an
electric furnace hy means of a true watt control offers several
advantages over current regulators as there are several factors
entering the problem. Some of these factors lie outside of actual
furnace operations hut are nevertheless worthy of consideration
as they form very important factors in the problem as a whole.

The use of a control mechanism in which the current alone is
kept constant can not govern or regulate other than the current
consumption.

The parties interested in the power consumption of an electric
furnace may bhe divided into three groups:

1. The manufacturer, selling the product of the furnace, who
wants maximum production al minimum expense.

2. The operator responsible for the product.

4. The central station furnishing the power and intercsted
in a high power factor, balanced load and freedom from OXCOSSLVO
fluctuations.

' The control of the energy input is therefore a factor of prime
importance.

Beeause of the prevailing methods of transmitting power a

large majority of electric furnaces now in operation are of the
three-phase three-electrode type whether used for the smelting
of ores or the production and refining of steel.

It is not possible to control and keep constant with any degree
of accuracy the effective power input in these furnaces by
means of current regulation alone or the combination of current
and voltage regulation, where the voltage regulation consists of
keeping a balanced potential between the electrodes and furnace
charge.

All that a central station can do to deliver reliable power is
to guard against overloaded lines and to keep, the voltage con-
stant at the station. It cannot materially regulate the load
factor.

On lines supplying power to customers using electric furnaces
of various types and of more or less intermittent energy con-
sumption it is very difficult, if not impossible, to keep up a steady
voltage and power factor. There are often variations in voltage
between phases of the same line and the power factor in phases
may also vary.

These conditions are not noticeable where power is supplied
to motors or apparatus having balanced circuits, but is notice-
able where devices such as electric furnaces are used.

It is highly desirable both from a technical as well as commer-
cial standpoint to be well supplied with measuring instruments
to keep a check on the various fluctuating factors.

A properly metered electric furnace installation, employing
current regulators, will often show an erratic behavior of the
furnace and irregular power consumption in spite of the control
indicating a steady amperage flowing, as in addition to the com-
paratively small fluctuations in the incoming power lines those
of the transformer secondary vary to a much greater degree,
and it is not at all surprising to find such conditions as Mr.
Andreas has investigated.

On the other hand, a furnace installation operating on a true
watt control principle automatically corrects fluctuations due to
variations in voltage and power factor so that the actual pre-
determined energy is controlled, measured and delivered to the
furnace, and conditions such as Mr. Andreae describes cannot
exist.

Assuming that volts times amperes times power factor are the

factors that produce the heat and temperature required for the
suceessful operation of an electric furpace of the type under
consideration, it is apparent that the control of but one of these
is insufficient unless one assumes that the others are constant,
which unfortunately is very seldom the case. Often a heat gone
wrong, a tap or power ‘“off’ on analysis, has been blamed on the
operator or laid to some other cause when the real culprits were
the current regulators.
% To the manufacturer who pays the bill from the control
station and colleets from his customers for his produet, the watt
regulator serves to prevent peaks much more efficiently than a
current regulator, -thereby lkeeping costs at a minimum; it
regulates the actual power input into the furnace and thereby
maintains the predetermined energy at which the furnace is
sel to oporate, thus helping to produce the desired product
uniformly and at maximum efficiency.

The watt regulator benefits the central station insofar as it
has a tondeney to more effectively balance the load on tho feedor
linos and to prevent prolonged duration of peaks.
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CABDLE CHARGE AND DISCHARGE' (Sreivuaeary
DIELECTRIC STRENGTH RATIO BETWELN ALTER-
NATING AND DIRECT VOLTAGES! Ulaynen & Kooy
CARBLE GEOMETRY AND THE CALCULATION OF
CURRENT CARRYING CAPACITY?® (S1MONS),
Swasmescorr, Mass,, June 26, 1923

J. B. Whitehead: The approximatle exponentinl shupe of
the charge and dischurge curves of composite dicleetries las
long been recognized, and many effurts have heen made to ox-
plain the depurture of these ourves from the pure exponentinl
form, by various assumptions us to the structure of the dielectrice
in various arrangements of high resistance paths in conjunetion
with capacities. Several of these suggestions are in approximaut,
conformity to the experimental observations of the charge aud
dischargo curves us observed with continuous potentinls.  One
of the simplest of all is that used by Dr. Stemnietz in which
assumption is made of a very high resistauce in series with a
capacity, a number of such combinations being assumed with
different relative values of the resistances and capacitios.
Another reeent analysis of the problem has boen given hy K. \W.
Wagner who, with an entirely different method of approach,
through a ‘moditication of Maxwe!l's suggestion of a mixture of
two or more dielectrics, reaches the suine conclusion as does
Dr. Steinmetz, namely that the charge and discharge curves
have one principal expovential term accompuanicd by one or
more additional terms of relatively much smaller magnitudes.

The hehavior of dielectries under alternating stress is very
obscure and presents one of the most important prohlems now
confronting both the physicist and the electrical engineer.
None of the theories of dielectric composition as uffered hy the
physicists is sufficient to explain the diverse bohavior of ordinary
insulation under alternating stress. The general case was
investigated by Rowland many years ago and since by a number
of others. The results of these studies will in many cases conform
qualitatively to some of the main lines of experimental observa-
tion. Quantitatively, however, they are quite insufficient to
explain the facts, and the anomalies of observation are so
numerous as to clearly indicate that our present knowledge is
quite insufficient either to explain the facts of observation, or to
predict heforehand the behavior of even the simiplest types of
insulation. Dr. Steinmetz makes a notablo contribution to the
alternating-current case in reaching the conclusion that the
energy component of the charging current corresponds 1o the
initial value of the absorption current under continuous voltage.
lo doing this he has made certain assumptions which would
appear to demand experimental confirmation. It is highly
importaat, however, in that it appears to link up the dieleetric
phenomena of the continuous and alternating voltage fields.

The real problem of insulation is a knowledge of the ultimate
nature of the processes which go on in the structure of dieleetries.
What for example is the nature of the conductivity of the high
resistance path assumed by Dr. Steinmetz, and how does the
capaeity in series with this resistance arise? Do they exist
independently, or are both properties inherent in the structure
of single molecules or atoms? We have gone so far in our studies
of the wide variety of commercial insulation as to reach the
convietion that it is not possible to design insulation with any
certainty that its various properties can be safely predicted.
Further attacks must be made through simplitied problenms di-
rected toward the ultimate processes involved. The Com-
mittee on lnsulation, Division of Engineering, National Research
Couneil, working in conjunction with the Rescarch Committee
of the A. I. E. K., exists primarily for this purpose. The state-

1. Published in advance copy form omy.
2. A. I. E. E. JournaL, 1923, Vol. XLII, July, p. 706.
3. A. L. E. E. JounnaL, 1923, Vol. XLII, May, p. 525.

ment of The Problum of Insulution us prepured by theess Coge
mittees s published i the June wumber of the Joursay
VL kKD Considurable attention | given in this publinied
report to the phenomenon of absorption.  The Corinnfttons
besponk the hitorest and sooperation of all menibors of the
Institute in attackimg these problems by thu mathods sot forth
tn the report

J. Slepians Do Stewnmetz belioves thiat diclectrie ubsorption
of chargo is 1o bo eapluined eutiraly by the inhomogencity of the
diclectrie.

However, sineo conduction in a dieleetrio ix not us simple ux
otallic conduction, charges may  arise  within an  ontirely
honogeneous substance du sulely to tho pussago of eurrent.
I enn give somo very simiple examples of tin

Undoubtedly the most homogeneous dicleetrie tnuginable iu
a4 perfect vacuum, and thanks to the general interost in rulio
most of us know something about couduetion in a vacuur. We
all know that if two cleetrodes in a high vacuum are sullicio ntly
hot, eurrent may be carricd across the space hetween themn
Thus the vicuum dicleetrie he gins to leak when the eleetrodes
are liot enough. [t is wow well known that the eleotric grasdient
across the space is not uniform under thesus conditions, und that
a spaco charge is produced.  Spaco churge is a very common
tertn now.  "T'his space ¢harge is nothing but a charge souked
mto the vacuum dicleetric. The transient in establishing this
spitee charge is very rapid duc to the high veloeity with which
eleetrons move in vacuum, but it still 18 an ubsorption transient,
sueh as this puper desceribes for eablos, Nevertheless the
vacuum is homogencous.

Passing to the case where we actually have mattur, the next
case in the order of difliculty would be conduetion through
a gaseous dicleetriec. We can make a gaseous space hetween
electrodes eondueting by means of an nizing agent. This
might be w source of X-rays acting uimformly on the guseous
space or ultra-violet radiation acting on the electrodes. The
distribution of gradient and charge for this kind of eonduction
is fairly well known. [ thinlk Mie was one of the first analysts
who worked it out, and you will find his work deseribed in
J.oJ Thompson’s “Conduetion in Gases.”  When current flows
across a uniformly ionized air space, the gradient again is not
uniform, but again spaco charges are produced. These space
charges may he called soaked in, or absorbed charges, if you like.
\guin the transient in estublishing such charges is of very
short duration because the ions in guses also move very rapidly,
but the transient exists nevertheless in spite of the homogeneity
of the gaseous space.

In solid and liquid insulations the carriers of the current
probably move with very slow veloeity so that the time in
establishing the stored up charges will be relutively very long.
I do not happea to know definitely that you do get ahsorbed
charges in strictly homogeneous liquid or solid dicleetrics, but
I strongly suspeet that that is the case.

I do recall that in some respects the conduetivity in some
homogeneous dielectrics js similar to th conduetivity in gases.
For example, with the same gradient larger leakage may be
obtained with the electrodes far apart than wheu close together.
This shows that dielectries do not have a simple ohmic resistance,
and it seems to me that even jn a homogeneous medium space
charges or soaked-in charges may be produced, resulting from
the nature of conduetion in the dieleetric.

D. E. Howes: The labor involved in obtaining reliable

dielectric strength values for such a large number of conditions
is enormous-—a faet, which will be concurred in by all who are
familiar with insulating materials.

The cesults in the Hayden and Eddy baper bear out the fact,
which the practical engineer should consider an axiom,—that
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the most satisfactory test which ecan be given a comnercial
machine or material is that whieh corresponda most nearly to
the conditions under which it is expected to be used. Short
cuts should be earcfully investigated before being adopted, as
was wisely done by the writars of this paper. 1 can take no
excoption to their experimental procedure or results obtained.
Further, 1 do not intand to attempt to fully explain the reasons
for some of their observations. 1t would be. perhaps, impossible
and at any rate bardly worth while. What T do wish to point
out is that, from theoretical considerations alone, it is funda-
mentally wrong to expeet any very simple or reliable diclectnie
strength ratio as defined by the authors of this paper. at least for
practical insulating materials

Lot us barrow again Maxwell's conception (Kl & Mag., Vol.
1. page 453) of a compasite dieleetric, a concephion which has
proven so valuable and so actually real.

Consider two adjacent elements pr strata of diclectrie 1o sories
located any place vou please in A composite dicleetrie, whowe
specifie inductance eapacities, sprcitie resistances are respectively
denoted by K, K. and or

Suppose a direet voltage he applicd to the outer surfares.
It will divide between the two disleetries so that the potential
gradients will bein the mtioof o, and ;. If, however., the volt-
age is changming rapidly, either pulsating or alternating, the
voltage gradients in medium 1 and 2 will be in the ratio of A; N

Suppose g1 p: = 1. Ky Ky = 2 4. Then for dircet voitages
the gradients in the two media wonld be equal.  For a mapudly
changing voltage, the gradients in 1 and 2 would be in the ratio
of 2 1 and we would expect medium 7 to fail prematurely. so
that in this ease the maximum value of the altarnating voliage
breakdown might be Jess than for dirvet voltage, unless of course,
it had a much greater dieleetrie strength. Thus, the distribution
of stress may be widely different, even though the toial voltage
applied be the same. With a differcnt atress distnbution
throughout the insulating material. we would expeet the dielee-
trie strength ta be different.  Only the most homogeneous
material could be expeeted to have a diclectrie steength ratio of
unity. 1t would be reasonable to expeei that it would not vary
widely for a uniform grade of material subjeeted to 5 umform
test.  Far this reason, direet voltage may have a limited appli-
cation where its significance, relative Lo allernating voltage test
values, has been predeiermined.

It is evideut that p, and g. will not vary with temperature
according to the same law. Cootinuing. with reference to the
above conception and its extension by Maxwell to account for
absorption or residual charge, it is obvious that if the rate of
change of voltage be very slow in comparison with commercial
froquencics the relative potential gradients in different com-
ponent parts of the dielectric may be determined partly by the
specific resistances of those componenis. In other words, let
us ask this question,—What is the rate of change of potential
that determines whether the relative gradients shall be according
te K. K, oras o1 p:7 Is there a sharp dividing line’

In view of the well known phenomenon that a condenser ex-
hibiting absorption does not become fully charged for quite an
appreciable time. it seems reasonable {0 expect that there iz no
sharp dividing line, but that both factors contribute, and the
relative importance of each will depend upon the rate of change
of voltage. When the rate is very slow, the specific resistances
of the component media are dominant in effect while, when the
rate is rapid, the specific inductive capacities control. Thus, it
is evident that the dielectrie strength ratio has little meaning
unless we specify very closely the rate of application of voltage.

When we consider the fact that nearly all practical solid insu-
lating materials are composite, and analyze how they should
behave under different types of fields, we must realize how little
real additional information concerning dielectric behavior this
so-called dielectric strength ratio actually tells us. It is realized
that, on the whole, the phenomena are not as simple as explained,
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but 1 believe that in general the theoretical considerations are
very well born out by the experimental data given in the authors’
paper. For obvious reasons, then, I do not think that direct
voltage should be employed for testing insulating materials
which in sorvice are to be subjected to alternating potentials,
where the dieloetric strength is to be determined.  Direct volt-
ages lower than this, however, should be useful in rouline
cahle testing 1o indieate any gradual changes in their quality.

I am of the opinion that we should not draw any new cow-
clusions as to the ultimate nature of a dieleetrio breakdown from
the consideration of this paper. Aside fromm known effects of
temperature ete. [ believe insulation failure is dependent upon
the maximum voltage attained for an appreciable length of time,
regardless of its form.  The ultimate ecause of bivakdown is
doubtless, cumulative ionization, although this itself is influenced
by numerous other {actore

1o conclusion, 1 wish to express the epinion that the real
nature of the mechanism of diclectrie (ailure will not be found by
any commervial or practical engineering tests that we may devise
but by indireet methods. Ry this I mean that we should study
it from a purely scientific viewpoint to determine the location
and behaviar of an eleetron in it

D- M. Simonat [ have just come acnms 3 reeently published
article which bwars so directly upan the papers by Dr. Steinmets
and Messre. Hasden and Eddy that | thought it might be
intervating to mention it briefly. particularly one test that waas
made. 1 am rferning 1o an article by Grunesald eatitled

The Breakdown Strength of Solid, Laminate Insulating
Materials with Varions Types of Electrieal Stress,”” (Archie fur
Elettrotechnid, 1923, Vol. X1I p. 79, Granewald performed
brvakdown tesis on insulation noi oaly with aliernating and
continuous voltages but with various types of impulse.  He did
not show the effects of different rates of applying the voltage, or
of different temperatures, but his work {s of intérest on account
of the variety of impulses impressed on the insulation. His
tosts were mostly upnt mies. and unferiunaiely no tests were
made upon impregnated paper. Gronewald includes also a
mathematical section, and wbile he docs not obtain a solution for
n-lavvrs, he obtains an equation for the voltage distribution
aorass two lavers of insulation ag » funetion of time, and it ia
interesting (o note that Lthis equation (13) can be trandormed to
agrve with Steinmetz’s equation (18],

Befor procecding to deseribe what [ believe is the most
intercsling test made by Grinewald, 1 would like to ask if any
breakdown tests have been made upon a dielectrie which already
contains residual charges. We might donsider the case of a
dielectric which has widely different breakdowns for slowly
applied and rapidly applied voltages. Dr. Sieinmetz has very
clearly explained that the diference in breakdown strength is
due to the {aci that {or the rapidly applied voltage the voltage
di<tribution is determined by the relative permittivities of the
lavers, while for the slowly applied voltage the resistivity is the
determining factor. My particular thought is what would
happen if a coniinuous voltage eloge to but below the breakdosn
voltage was impressed on this dieleetrie until the residual charges
had completely soaked in, and a rapidly applied voltage was
then impressed on the dielectrie. It seems to me that in this
case the voltage distribution would be determined by the internal
charges and would be according to resistivity, and the ratio of
d-c. to a-c. hreakdowp would be reduced to or toward unity.

Grunewald did not perform this test, but he did the opposite.
That is, he performed breakdown tests on condensers which
had previously been eharged in a direction opposite to the final
test voltage, and he found that this had a very great effect in
lowering the breakdown strength. As far as I can determine he
broke down the previously charged condensers with single
steep-front impulses only, and found that in general for this
{ype of surge, the breakdown walue was about halved if the con-
denser was previously charged in the opposite direction.
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Tt wooms that breakdown tests on divleotrios whioh have
proviousty heen charged in either direction may throw ndditional
light on the fundumentals of the bshavior of solid dieloot pies

Herman Halpering Tn his oponiy romurks, e, Btetninets
made some pommuents ubout the relative slow progress that has
been made in the art of insulation. [ think theso PUpPers nre
definite step in the progress that seems to be needed.  The firs
two papoers deal with stresses and the last with heat conduotion
through complicated struotures of conductors and insulations
such as multi-sonduotor cables.

In Dr. Steinmetz’ paper he refers to the deerease in the
internal transient eurrent and gives an example which indicates
aratio of about 20t0 1. Ip some tests nade in Chicago on long
underground lines, we find that the final ourrent was n: small
as 1./150th or 1/200th of its initial value. If we tried to find the
equation for this decrease of eurrent against time by using an
equation with one transient, we would obtain a curve which
would hold only tor the data taken for one minute or su; and it
was during the tirst minute of the test that the decrease in cur-
rent was very rapid. Perhaps it would be neeessary to o use
another transient term, as Dr. Steinmetz points out, in order to
equate the cntire curve.

In connection with the d-¢. a-c, ratio, after we do find just what
is exactly the ratio for one kind of electricul apparatus, for
instance, underground cable, it would still seem neeessary Lo
discover it for joints connected with the eable. 'I'his further
complicates the situation because we might secure a dielectric
strength ratio of 1.78 for one ecable and probably something
different for the Joints; and in making a test the whole line has
to be subjected to the voltage at one time.

In Mr. Simons' paper, he has, | think, done a great deal in
showing how accurately the thermal resistivity of a complicated
arrangement of conductors and insulation ean be determined.
In the appendix, he shows that his more correet method would
indicate an crror of about 20 per cent in some results whieli were
published by a research committee in England; so these accurate
methods greatly help correlate the various reseurches.

Mr. Simons deals mostly with the determination of the goo-
metrie factor. But, of course, for the installed cublo in this
country, there are other very important factors in heat dissipa-
tion such as I, the thermal resistance of the earth per foot of
duct, and the resistance of duet strueture itself. While thore
may be variations for the thermal resistivity of insulations of
as much as about 50 per cent, the heat dissipating ability of the
duet structure and surrounding soil may vary several hundred
per cent. A large percentage of the total drop from copper to
the base soil temperature is through the soil and duet structure
and there is a great deal of work to be done in this field.

H. B. Dwight: Mr. Simons has made 2 distinet advanee in
the calculation of the geometric factor of multi-econduetor cables
and has produced by his graphical method more accurate results
than were available before. The publication of this graphical
method, however, brings up at onco the question whether a djrect
and accurate mathematical ealeulation cannot be made. 'This
would be especially desirable in the present case, for the gruphical
method, besides having the errors of measurement inherent in
any graphical method, has the theoretical approximation in that
the flow lines are not those pertaining to true circles, a fact which
is pointed out in the paper.

A graphieal method was justified beeause the formulas whieh
had been published for multi-conductor cables were all approxi-
mate, since they assumed that the electric charge on each con-
ductor was equivalent to a charge concentrated at a point of the
section of the cable. This, however, gives rise to equipotential
surfaces which are not eireular, and so cannot eoineido with the
surfaces of the round wires or cables.

It appears that practically all formulas for capacitance have
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boon bussd on oharges consentrated wt points, or tiiformly
distributed wong tines or ovier sarfuce Thin 18 triws, at any
rate, of the poblished formules for matti-conduetor endiles
Clurk Maxwell states in Chuptor 7 of his hook on l~.‘lvr-trh-n)
und Muwgnotism published in 1873 that every oloctrical prroblem
of whish we know the solution has bsen sonstructs] by the i
vorse process of tinding the shape of thae condactors from th
potential due to ussumed charges of lectricit Lo bk
that the only method by whicl ong cun 8xXpurt to solves 0 now
problem is by reducing it o one of the cuses in which itailar
problem his been constructed hy the inveorss Proce Muxwell’s
statement has boon quoted in fairly vecent articlos, wnd the
linsitation whieh he gives that the 1nverse process must wlwiys
be used und that one eannot start with b wssumed shape of
condnetor seems to lhold in the most recont culeulations of
capueltancy \ gencral method  which  would correotly  ung
the direct process of sturting with givon shapes of eonductors
would therefore he very  uscful

U wish to presont an accurate method using tho dircet provuss
of calculation of capacitance and geometnic factor of multj-
conductor cables. This method consists tn first assuming u
uniform charge on the surfaces of the round econductors and
thoir images.  I*rom this the resulting eharge at any point of the
conductors can be caleulated. This may be called the first
additional charge, und it is in the form of a Fourier surivs, that
18, a series invol g cos A, cos2 A, cos 3 A, ote. The eosines
often disappear when integrated around the cirele.  "The seeond
additional eharge can now be calculated, resulting from the tirst
additional charge, and so on, until the terms hecome small.

e alno

This method has been used (o determine the eapacitance of u
single-phase overhead lin ., and the result for a given example
agroed with the result]by the standurd liyperbolic eosine formula
to six significant figures. The formula for a two-conduetor cable
1s given herewith. That for a three-conduetor cuble is longer.

Capacitanee of two-conductor cahle

1
T 2legh F

2 logli #

(s—a—u)(s—a N +a—u)(s+a+r)
ru(Za+4r)2s—u

eI PR e A A
+(—:1)J
R My Gt = (e

()]

logh -

e r R?a
AN T e T

T n = F N\ift -r n
A"—(s—a)— Qa‘) +(s+—a)

4__-—__‘




——

Nov. 1923 DISCUSSION AT
- - () + (=7 -5
e () 2L ()

()E AL () &
(N L ()
o - - () el (1)
-(5 >?1 /?n+—k1_/11 (=)
('S Ll ()

For C, and /I, use the same formulas as for 53, and G, except
change A to B and I to G.

For D, and I, change B to C' and G to H, etc.

Ln =An+Bn+Cn+~ 9 1
111n=Fn+Gn+Hn+- . -

It is to be noted that the terms involve only the dimensions
of the cable. The terms can be calculated with a slide rule.
As there is a considerable number of these terms, the method
cannot be said to be a short one.

The formula for a two-conductor cable has been used to check
one of the values of geometric factor in Mr. Simons’ paper within

T+t
less than one per cent. For¢/T =1 and —-;—_— = 1the form-

ula gives 1.730 to compare with 1.718 given by the graphical
method.

R. Notvest: In connection with the Hayden-Eddy paper,
it was very interesting to note the behavior of composite di-
electrics under high direct as well as alternating-current potential
stresses. The authors investigated practically all important
commerical insulation materials from mica, oil, glass to paper
and I regret that they have not extended the scope of their
investigations upon slate, for slate, a composite dielectric of
great commercial importance, is the classical example of the
variation of the dielectric strength ratio of a given material
hetween direct and alternating-current potentials. Slate has
a rather high insulation value for direct current, but may show
considerable leakage under alternating current of such low po-
tentials as from 1500 volts up.

I have made a number of tests which plainly showed that
as far ag slate is concerned, leakage under high a-c. potentials
cannot be ascribed to ionization of the dielectric, but is distinetly
an impedance or condenser effect. This is due to the fact that
slate containg among other ingredients also around 4 per cent of
metallic oxides sueh as ferric and ferrous oxide as well as pyrites
which to all practical purposes are distributed uniformly in
almost molecular form throughout tho otherwise electrically
inert subgtances. Kach such particlo of metallic oxide is
capable of assuming a definite eapacity charge undor alternating
potentisls and is interconnected with the others through an
ohmie resistance of relatively high value, the 0.2 to 0.5 per cent
of carboaaccous matlter which slate contains. Impedanco
leakages actually measured on a numbor of various samples
which wore afterwards chomically analyzed, showed that
variations of tho metallic oxide content, that is, the capacity
offect or the ohmie resistance, that is, the content of ecarbonacoous
substances in graphitic form, corresponded very closely to
ostirnated results basced on Dr. Stoinmotz formulas of a condition
of a circuit having capacitios and ohmie resistances in series.
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I am convinced that additional research on slate would
produce valuable data and would give an insight of the stress
distribution in composite dielectrics and the very pertinent
problem of insulation in general.

Mpr. Davis: Mr. Simons’ paper and the formulas contained
therein will undoubtedly be of inestimable value to engineers
in caleulating current capacities. His errors of twenty per cent
of the approximate formula (I think he said twenty) and the
errors published in the JourNaL of the Institute of Electrical
Engineers can hardly be considered serious when we think of the
possible errors we have in the thermal resistance of this material.

I merely wanted to call attention to the fact that thermal
resistivity as published by the Institute showed variations of
approximately from 350 to 1250 watts per centimeter cube, per
degree centigrade. Tests that we have made but not completed
showed variations running from 300 watts per centimeter cube
per degree centigrade to 1800. In other words, we have a
variation there of about six hundred per cent. Now, the
application of any of these formulas for calculation of tem-
perature vises depends absolutely upon the use of some of those
constants which really have wide variance. Consequently it
gives an error of twenty per cent. That is small when the
amount of thermal resistance varied about six hundred per cent.

C. F. Hanson: Referring to Table I of the paper by Hayden
and Eddy the data given for impregnated cable paper are very
interesting, particularly the data given for a rate of voltage
rise of 5 per cent per second. The dielectric strength ratio of
one paper at 25 deg. cent. is 1.343 when the rate of voltage rise
is 5 per cent per second whereas the ratio of one paper at the
same temperature is 2.470 when the rate of voltage rise is
20 per cent per second. One ratio is twice the other. This
difference indicates that a cable of good dielectric qualities
might be damaged when it is tested with direct voltage if the
voltage is applied too slowly.

These data may also be interpreted in another way. The
alternating breakdown voltage at 25 deg. cent. for 2 papers
is 18.2 kv. when the rate of voltage rise is 5 per cent per second
whereas the breakdown voltage is only 6.6 kv. when the rate of
voltage rise is 20 per cent per second. The difference in break-
down voltage is about 300 per cent which is more than can be
attributed to the difference in the rate of application of voltage
judging by other data presented. The paper used in the former
case, had a higher dielectric strength than that used in the
latter case as determined from alternating voltage tests. It is
then interesting to note that the dielectric strength ratio of the
high dielectric strength impregnated paper is only one-half of
that of low dielectric strength impregnated paper. Ia other
words, if two cables were tested at the factory with alternating
voltage and one was found to have 50 per cent higher dielectric
strength than the other, and if these two cables were subsequontly
tested with direet voltage after installation in the field, the
cable of lower dielectric strength would pass whereas the one of
higher dielectric strongth might fail. As cables are operated on
alternafing voltage, it would soem that the direct-voltage test
had passed a poor cable and had eliminated a good one.

The authors state that they obtained an average value of
1.773 for the dieloctric strongth ratio which corresponds to
2.501 as the ratio between direct voltage and the rool-mean-
square allernating voltage. It must bho borne in mind that
this value was obtained on a ecomparatively thin insulation.
The thickest insulation used was four layers each 0.2 mm.
thick or a total thickness of about 2/64ths ineh.  In high-voltage
cables a thickness of 40/G4ths ineh is used. The diclectric
strength ratio would be considerably less than 1.773 for a
thickness of 40/64ths inch as indicated by tho anthor’s data.
Ifurthermore, the diolectrie strength ratio obtained here is for
momontary application of voltage. It may be dilferont for a
prolonged appliention of voltago. In testing eables the voltage
is generally appliod for 5 minutes. It would, theroforo, be of
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praotical interest to know what the ratio is when the time of
applioation of voltage is 5 minutos.

Harvey L. Curtis: The paper by Dr. Steinmetz ean for
oonvenienco be considered i two parts, first, the mathomatical,
and second, the experimental. It seoms unfortunate to me that
Dr. Steinmety does not. refer to the earlier mathematical work
on this subjest of a stratified dielectric.! His diseussion of
the energy storage in a stratified dielectric is, 1 think, new.
However, 1 am not as yot willing to accept the definition of
“apparent” or “effective” capacitance whieli is brought out as
a corollary to this discussion.

It seems to me that Dr. Steinmetz overlooked at least one
interesting conclusion that can be drawn from his equations.
From equation (36) it is evident that the tangent of the phase
difference (90 deg. minus the phase angle)is C3/Cy. Substituting
the values given in equations (38) and (39), it follows that
as a first approximation, the phase difference is in rersely pro-
vortional to the frequency.

In the paper ahove referred to, I derived an equivalent
equation and called attention to the faet that this conclusion
did not agree with the experimental data then available on
condensers. I have hoped to see this test applied to a eomposite
structure, such as g cable, as I believe that this will tell whether
ornot the theory of a stratified dielectricisof practical importance.

In the experimental part of his paper, Dr. Steinmetz measures
the current which flows into a cable when a constant voltage is
impressed on the cable terminals. The current which flows after
the first charging eurrent he calls “slow transient” or “‘internal
transient.” He then computes the constants in an exponential
equation of two terms so as to malke the observed and computed
curve agree at five points. When he has done this, he finds that
the theoretical and experimental curves agree within experi-
mental error. Since the theory of a stratified dielectrie shows
that under certain conditions such an equation will result, he
concludes that the observed phenomena are explained by this
theory. However, he fails to connect the constants in this
exponential equation with the dieleetric constant and resistivity
of the materials of the cable, which the mathematical part of
the paper has shown should be possible.

Everyone who has investigated the subject agrees that there
1s an “internal transient” due to the stratification of a dielectrie.
However, there is considerable question whether, in any electriecal

structure, the “internal transient” which ig caused by the
appreciable part of that

stratification of the dielectric is an
which is observed. 1 regret that Dr. Steinmetz has not shown
some experimental method by which this question can be settled.
R. J. Wiseman: The paper by Messrs. Hayden and Eddy
is of great value to all who have oceasion to test electrical
insulation on direet and alternating voltage. With the intro-
duction of high potential direct voltage testing the question
naturally arose as to what value of voltage should be used.
Should we take a value equal to the root-mean-square of the
alternating voltage or the maximum value of the altgrnating
voltage? We Lnow that when testing with alternating
voltages, insulation is subject to the maximum voltage
and therefore if it is able to withstand this voltage, the insulation
should be capable of withstanding a direct voltage of equal
value. Instead of taking a value of direct voltage equal to the
maximum value of alternating voltage, we find that a value of
2.5 times the root-mean-square alternating voltage which is
1.773 times the maximum value, has been taken as an arbitrary
one in view of tests made abroad on cables. After giving due
credit to the work done abroad as to what value of direct voltage
in proportion to alternating voltage is necessary to cause break-
down of insulation, the question arises, do we want to make

1. Maxwell: Electricity & Magneltism, par. 328.
Rowland: American Journal Science (4) 4. p. 29; 1897.
Curtis: Bull. Bureau of Standards 6: p. 468, 1910. S. P. 137,
Grover: Bull. Bureau of Standards 7. p. 519; 1911. S. P. 16]
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time tests on insulation using direct voltages 2.5 times r. m, g,
altornating voltage or a diclectric strength ratio of 1.774.

T do not bhelieve we do. "T'he papor by Messrs. Tlayden and
Eddy brings out some very valuable information as to the
comparison of dircet and alternating voltage brealkkdowns of
msulation undor varying conditions. Their Tublo I shows
mteresting data whieh should causo us to defor deeiding definitely
on the factors to use in determining the value of dircet voltages
in proportion to alternating voltages. Different insulations
give different valies of dielectrie strength ratio and for the
same insulation this ratio changes with temperaturo, thickness
and rate of voltage rise; three important quantities when
testing. In all ecases but Impregnated paper the dielectric
strength ratio is much less than 1.773 and in many cases even less
than one, which means puncturing voltage on direct potentials
is less than on alternating potentials. It would he unfair to
test such a material at a direct voltage of 1.773 times maximum
value of alternating voltage.

Consider the influenco of thickness on the ratio. Take dry
cable paper, four layers, 20 per cent per second voltage rise, the
ratio is 1.790 and for 32 layers 1.085, a drop of 39.4 per ceant in
terms of 1.790 for a change in wall thickness from 0.8 mm.
(31.4 mils) 6.4 mm. (252 mils). As we test thicknesses greater
than 6.4 mm. (252 mils) it appears we may get ratios less than
one for the greater thicknesses and again 1.773 is unfair.

Referring to the rate of voltage rise, we note that u rate of
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1uerease of 0.1 per cent per second gives the lowest values for the
dielectric strength ratio. This rate is equivalent to taking 16.7
minutes to bring the voltage up to cause hreakdown. This is a
slow rise and is almost comparable to a constant voltage test.
Some of the values of the ratio for dry cahle paper are slightly
above but the average of all values shown give a value below 1.

When we study the results obtained for Impregnated cable
paper we find values of ratio above and below 1.773 not con-
sistent, the range being from 2.775 to 1.238. In view of the
wide range in value of ratio it doesn’t seem possible we have a
right to average all values and take this average as representing
the ratio for Impregnated cabhle paper because it is the average
of several variables for which the ratio itself is quite a variable.

Tables II and I1I also show tbat the ratio is different for each
kind of insulation and departs considerably from 1.773.

As the paper shows that in the data reported the ratio of
direct voltage breakdown to maximum value of alternating
voltage breakdown is different for each kind of insulation, we
should not establish a general value of direct voltage in terms of
alternating voltage for insulation testing but give a value of
each type of insulation.

Aside from considering that in some cases much greater value
of direct voltage than alternating voltage is necessary to cause
breakdown on constantly rising voltage, let us consider the effect
of the long time application of the high direet voltage on the
possibility of w eakening the insulation.

Referring to the fig.2, ABCDEis one cvele of an alter-



Nov. 1923

nating voltage sine wave. Let us assume that the insulation is
under effective electric stress, for one fortieth of the time each
sideof the maximum, thatis we will consider the insulation as heing
stressed for test purposes as soon as the voltage rsaches the
instantaneous value corresponding to 99.7 per cent of the
maximum value and lasts until the voltage again reaches this
value when decreasing. This is shown by the curve b Bc. The
line F B G represents a direct voltage equal to the maximum
value of alterpating voltage. The line H K represents a direct
voltage 1.773 times as great as the maximum value of direct
voltage. The area a b ¢d represents the product of alternating
voltage and time of application and may be taken as a measure
of the stress under alternating voltage. Likewise the areas
AFGC and A H K C represent the product of direct voltage and
time of application for the respective voltages.

These areas are a measure of the relative stresses which the
insulation is subject to. Although we cannot say, two equal
areas, one having twice the voltage of the other, give the same
effective stress, still on a time basis for the sake of discussion
we can say the net effect is the same. Taking this viewpoint
and calling the area a b ¢ d unity, then the area 4 F G Cis 12.73
and the area A H K C is 22.6. This means the voltage time
stress is 12.73 times greater for a direct voltage equal to the
maximum value of alternating voltage and 22.6 times as great
for a direct voltage 1.773 times the maximum value of alter-
nating voltage. Referricg to the results which have been
obtained by Messrs. Hayden and Eddy this may be a serious
problem for some kinds of insulation and result in weakening
of the insulation.

Another source of possible weakening of the insulation is the
value of dielectric stress resulting from the high direct voltage
test. The stress equivalent to the maximum value of alternating
voltage is not great enough to permanently weaken the insulation
without chance of recovery. It may so happen that the stress
equivalent to the direct voltage will be sufficiently great to
permanently damage the insulation, yet not cause it to break-
down and the usefulness of the insulation greatly lowered as a
result. If a lower value of voltage had been used, possible
sources of weakness would have been found, and yet the in-
sulation have a high factor of safety.

I am a believer in direct voltage testing of insulation and
look forward to the time when manufacturers and users of
insulating materials will consider'it as the routine method of
test. However, today this method of test is purely in the
formative stage and all the above questions should be seriously
considered hefore we attempt to establish standards for the
testing of insulation with direct voltages.

W. N. Eddy: Mr. Hanson brings out two points on which
we would like to comment. He thinks that the increase of ratio
caused in one case by increased rate of voltage application,
indicates that a cable of good dielectric qualities might be
damaged by the application of direct voltage at too slow a rate.
We feel that such a change of the ratio rather indicates that the
ratio of an insulation should not be specified without including
the rate of voltage application. In fact, one of the prinecipal
points we tried to bring out in the paper was that a d-c.—a-c.
ratio is meaningless unless accompanied by such factors as the
rate of voltage application, the temperature, the type and shape
of the insulation, etc.

He also attempts to draw definite eonclusions from a com-
parison of two hreakdown voltages and two ratios. In view
of the well known difficulty of obtaining eonsistent breakdown
data on insulation, we believe that such a practise should be
avoided, and that in analyzing a collection of hreakdown tests,
Lhe' various values should be considered together, weighed
against each other, and only goeneral tondencies noted.

' D. M. Simons: I am particularly gratified if I have been
in any way instrumental in inducing Mr. Dwight to develop
his formulag for the geometric factors of multi-conductor cables.
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When his formula for the geometric factor of three-conduector
cables is available, this phase of cable engineering will apparently
have received its final answer.

Several very interesting papers on the subject of the carrying
capacity of cables have been published abroad at about the
same time as the present paper. The Second Report on the
Research on the Heating of Buried Cables' is an exceedingly
important contribution to our knowledge of most phases of this
subject. It is noted incidentally that the errors in the cal-
culation of thermal resistivities in the first Report mentioned in
Appendix C have been corrected. It is also very interesting to
see that the geometric relationships of three-conductor cables
were investigated both experimentally and by a graphical
method. The graphical method, which is entirely different
from the present one, checks my values about as closely as can
be determined from the large scale graph on which the English
data is plotted.

Another interesting contribution is ‘“The Heating of Paper-
Insulated Power Cables” by Sacchetto?. I believe that there
should be some word to express the form factor or geometric
modulus to take care of the dimensions of the eable in numerical
calculations. I have suggested the term ‘‘geometric factor” for
this purpose. I was not entirely sure that this was the best
term, although it seemed sufficiently appropriate and was
certainly more concise than some expressions that have been
used, such as “number equal to the capacity if the S. L. C.
were unity,”’ ete. Sacchetto confirms my choice by calling a
similar term a fattore geometrico. His geometric factor is 2/n
times the writer’s. Sacchetto also mentions the fact that
Picou? called a corresponding factor in cable formulas the
facteur geometrique.

I am very glad that Mr. Halperin has emphasized the pos-
sibility of errors due to the duct rise in calculating the allowable
current. There is undoubtedly a great deal to be done on this
section of the thermal path before we can accurately calculate in
advance the temperafture rise of cables.

SOME ENGINEERING FEATURES OF THE WEYMOUTH
STATION OF THE EDISON ELECTRIC ILLUMINATING
CO. OF BOSTON*

(MouLTROP AND PoPE), SWaMPscorT, Mass., JUNE 27, 1923.

S.Z.Ferranti: It seems to me thatwhen once the commercial
practicability of such high pressures as it is proposed to use
have been successfully demonstrated that you can then
take full advantage of this provided you can go in for
a very complete system of progressive feed heating
(bleeding at a large number of points). As you already
know, great economy results from carrying out this process
very thoroughly up to the fullest practical limits. On the other
hand, it is not possible to do this unless you heat the water from
cold up to nearly the temperature of evaporation under working
pressure, hy bleeding. This in its turn necessitates a boiler
which will work efficiently with very hot feed, and this can
only be done by air heating to a sufficiently high temperature,
I am sure you have considered this all very fully, and I should
greatly appreciate your further views oa the subject.

There is another point with regard to the details of your
installation, and this is the necessity of taking steam backwards
and forwards between the turbines and the superbeaters. In
my installation, made over ten years ago, with a 3000-
kw. turbine, with an initial temperature of 750 deg. fahr. and
re-superheating to 750 deg. fahr. I followed the same system,
but the construction was so arranged that the distance between

1. Permissible Current Loading of British Standard Impregnated
Paper-Insulated Electric Cables. Socond Report on the Research on the
Heating of Buried Cables, JounnaL of the Institution of Electrical Engi-
neers, 1923, vol. 61, p. 517.

2. I'Elettrotecnica, 1923, p. 181.

3. Revue Générale de I'Electricité, 1917, vol. 1, p. 410.

*A. 1. E. E. JounnaL, 1923, Vol. XLII, August, p. 799.
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therefore designed and constructed where the tubes are staggered
and arranged with horizontal and diagonal lanes between all of
the tubes, thereby making it possible to clean the outer surfaces
of the tubes through the diagonal lanes from above and below
the tubes. All B & W boilers for the higher pressures are row
fitted with this new form of header. The case is different from
marine boilers, which have a relatively narrow width and where
all of the tubes may be cleaoed on the outside by opening the
side casing doors, and brushing the tubes through the horizontal
lanes between the vows of tubes, vwhich would be an impractical
method for the wider boilers and settings used for power plant
work.

Attention is called in the paper to the use of the forged steel
drum of seamless construction for the 1200 Ib. boiler and to the
hending of the ends of the horizontal circulating tubes which
enter the drum so that they enter at circumferential lires which
are twice as far apart as the distance between the horizontal
c'reulating tubes where they enter the headers, thereby greatly
increasing the efficiency of the ligaments between the tube holes.
There are two circulating tubes running from the top of each
uptake header to the steam and water drum and the ends of the
tubes which enter the headers are bent in such a way that the
tubes enter all of the headers at the same height, thereby making
the ecirculation the same in each header. The boiler is built of
A. S. M. E. Code material throughout to meet all of the re-
quirements of the Code.

The bhoilers for 375 Ib. pressure first considered were 14-high
and 48-tubes wide with the two lowermost rows of tubes exposed
for their full length to the furnace, with a horizontal baffle
above the second row of tubes exposed from the downtake headers
to the bottom of the inclined baffle hetween the first and second
passes, the superheater being placed in the first pass above Six
rows of tupes. A change was made to a boiler 17-tubes high
and 48-tubes wide with the six lowermost rows of tubes exposed
to the furnace, with the superheater in the same position. This
was doae in order to secure the following operating advantages:

1st: Theé furnace temperature will be somewhat lower with
the six lowermost rows of tubes exposed than with only two
rows exposed for their full length to the beat of the furnace and
with a high furnace of the sort that will be used this would tend
to reduce the cost for brickwork maintenance. 2nd: In case a
coal is burned which will cause an undue amount of slagging on
the outside of the tubes exposing six rows of tubes for their full
length will lead to less slagging difficulties than exposing the
two rows for their full length. 3rd: In case of tube troubles
due to impure feed water the tube loss would he less for a given
amount of steam evaporated per hour from the boiler with six
rows of tubes exposed both on account of causing the hot gases
on siriking the bhoiler tuhes to be diffused over a longer length of
tube surfsce and through providing a greater amount of noiler
surface for a given amount of steam generated.

The flue gas temperatures for a given weight of steam evap-
orated per hour hy the 17-high boilers with the six lowermost
rows of tubes exposed will he but slightly lower than would be
secured with the 14-high noilers with only the two lowermost
rocws of tunes exposed. A 16-high hoiler with the six lowermost
rows of tubes ¢xposed would give about the same flue gas tem-
peratures for a given weight of steam evaporated per boiler as
a 14-high hoiler with only the two lowermost rows of iLubes
exposed. The choice of the 17-high boilers with the six lower-
most rows of tubes exposed was not therefore on the basis of the
flue gas temperatures or the efficiencies, but on the broader basis
of seleeling a boiler which would give the best service under the
conditions for use in conneetion with the economizers. If the
17-high boilers were fitted with a system of nhaflling that was
considered for the 14-high hoilers with the two lowermost rows
of tubes exposed, the efficicney of the hoilers for the same steam
outpul under the average service eonditions would be slightly
more than one per cent higher than with the six lowermost
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rows of tubes exposed, aad should no economizers be employeu,
this difference of efficiency would offset a considerable increase
in cost of maintenance of brickwork and difficulties of operation.

P. Junkersfeld: [Five considerations are stated on the third
page of the paper. The third, “The probable effect of increased
pressure upon reliability of operation and its flexibility in
meeting anticipated load conditions with nigh over-all economy,”
and the fifth, “The economic balance of carrying charges and
operating costs over a long period,” are more or less Inter-
related. Under reliability of operation I assume that the authors
have included maintenance. Apparatus of this sort naturally
involves more maintenance or replacement than apparatus that
has been tried out for a longer period of service. With the par-
ticular apparatus operatiog at 1200 lbs. steam pressure some
troubles must be expected to develop during the early years,
which means outages and units available iess hours of the year.

Such outages do not reduce the total carrying charges per
year, but will increase the carrying charges per kilowatt hour
because if the turbine unit or boiler unit 1s out, for example,
twice as many hours as a more seasoned piece of apparatus, it
would double the carrying charges per kilowatt hour due to
that particular apparatus. On the other side of the balance,
if such turbine or boiler unit 1s running only half as many hours
as a more seasoned unit in a year, the savings expected from
the better fuel economy are much reduced. I take it, however,
that these matters have been considered under considerations
three and five, and the foregoing is submitted as a matter of
emphasis on these two very important points in the paper.

Curve 1 Fig. 2, shows a very interesting and not usually
appreciated fact, namely, that the total heat at 700 deg. fahr.
decreases with increasing pressure. That is contrary to our
ordinary expectations. Of course, after the careful analysis
that the authors have made, we can see why it is so. However,
considering Curve 1 and Curve 2 together, we see that after all,
the heat available does increase with the pressure.

Curve 5 indicates that six hundred pounds should give the
highest thermal efficiency. It is not clear to me whether this
represents the expected performance from all types of turbines
or only the particular type of turbine used in Weymouth Station.

On the third page it is stated that 1200 Ib. was selected for
the one new extra high pressure boiler. 1t would be interesting
to know why 1200 lb. instead of say, 1000 or 1500 lb. was
selected. There must have been some reason that led to the
adoption of 1200 instead of something a little higher or a little
lower.

There is frequently a tendency for too much standardization
in power plants. It is a fact that the elements that go into a
power plant like the elements that go into a suit of clothes,—the
cloth, the thread and the buttons, should be thoroughly stand-
ardized, but you can never hope in my judgment to so far
standardize power plants that they will fit every condition any
more than you can hope to make a suit of clothes to fit every
size of man. There would be a lot of misfits. There are a
great many things that will be a good solution for one sel of
power plant conditions and one loeation, that might be a poor
solution for another set.

The two most outstanding conditions that affect the proper
design of plant for a given set of condilions are price of fuel
and load factor. When I say priee of fuel, I mean per thousand
or million B. t. u., or some other equivalent that shows steaming
value. Differential in price of fuel is usually a fairly definite
thing. There is a substantial difference between the price of
coal say in Boston, and price near the coal mines, over a long
period of years. The price of coal on comparable basis may be
two or three times as much in one locality as in another, and the
same plant will not properly {it both localities.

Load factor, however, is a very elusive thing. It depends
upon the general character of the business in the community.
If overy station were operated at exactly the natural consump-



tion of power within s proper area, it would be gne thing, but
Wo ura to longer operating stations, —we are opersting systoms,
and that means one, two, threw, four or even more stations in
parallel.  ‘Theas stutions on the Bume system are in competition
with one another. The better load fastor is allosuted to the
station with the lowest operuting sost, and to an extent deponding
on how muoh lower that station uvperstes thun the other stutions,
Operating oost, not fixed churges, govern this allocation, because
tixed charges ure established when you build the station. T am
assuming now that sueh transmission and distribution handicaps
us might exist between the various statiow: are all tukon into
account in allocating load between stutions.

During the life of the equipment and just as any new station
15 usually lower in operating cost than older stations or units on
the system, so may another new station five yours later be still
lower. Therefore future load factor on a station or unit is a
very difticult question to decide, requiring judgment and ex-
pecience and the very best attention and study

Two other points in the paper would be interesting if amplified.
First,—how is 1t proposed to proteet the rehenter from over-
heating should the turbine loud be suddenly discontinued?
Second,—In view of the fact that we cun so cffectively heat feod
water by bleeding turbines, is there muceh to be gained with
economizers?

The final results from the Weymouth Station are very pro-
mising, indeed, as given in the paper under ideal eonditiuns,
which are the only eonditions under which they can be given at
this time.

L. L. Elden: The Weymouth Station now under constructign
will be operated in conjunetion with the rest of the system
substantially as follows: The area served by the Boston Idison
Company resembles a square looking at it from the water side,
with L Street Station located substantially ut the centre of the
base line. The new Weymouth Station is located at the southern
terminus of the base line about eleven miles from 1. Street. The
present area served by the company is supplied from some 85
substations.

The ultimate growth of the system may be estimated broadly
from the fact that the connected load is increasing yearly at the
rate of about 100,000 kw. With this growth in view, it i1s econ-
ceived that eventually in the interest of economy another large
generating station will be required north of the city, assuming,
of course, that a suitable site ean ho found for the purpose.

To provide a suitable link between the new station amnd the
remote points of the present system, it is proposed to construet
a 110,000-volt ring around the system, starting from Weymouth
and terminating at some desirable location on the north. Lines
from L Street are serving all intermediate territory and will in
the end he interconnected with lines from the Weymouth
Station as business requirements may dictate.

Another project now being seriously considered is the intro-
duction of hydro power in large quantities from the St. Lawrence
distriet. The projected point of contact is at I"ramingham on
the westerly side of our territory where it will intersect the
110,000-volt ring previously referred to. The route of this
proposed ring will be exceptionally favorable for connection on
the southerly side with the proposed superpower system
developed by Mr. Murray and his associates during the war
period.

We also find the location of the new station favorable to the
supply of service to the New Haven and Boston and Albany
Railroads in -the event that the electrification of these roads
becomes a reality in the future. With favorable conditions as
regards coal, water and distribution facilities, we feel that it is
conceivable that the entire proposed development of 300,000 or
more kilowatts will be easily absorbed in the near future if all of
the projects now in view actually eventuate.

Operating methods to which Col. Junkersfeld referred have
not as yet been fully worked out, it heing evident that to deter-
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mine the best method of relay ing and ludling the tweo gerisrstors
oormprising ouch unit, when connsoted to Lhe muin system, will
require considerable stud Thin has not yet heen eomplotasd
hence it is impossble at this time to indisale the relisbility
factor which will be developed in astual servics, 1t would
appear from stadies made up to this time that the miaall 1000
pound unit may prove the oaly unrclinble elment in the whole
development sinee all other cquipment is standurd and already
inextensive uss.  When, however, it is roulized that the enpacity
of the high-pressure unit 8 only of the order of 2500 kw. it
importance hesomes negligible in u large systom like ours, whaor:
nuny interconnections and wmergohey wrrangements provide
monag for instant ubeorption of louds of far greater magnitude
than would be involved in the eveut of faiture of the unit iu
guestion.  Undor these conditions the question of fixed churges
o spare cupucity wt this station to meel snergencies is not
important since the reservos for the system ns a whole will not
bo eurried ut uny one loeution

H. P. Liversidges  The details of the Weymouth plant which
have boen presented hefore this Convention, indicate the ver)
practical consideration which has been given to its design in
order that the generated power may be produced at lowest
over-all cost.

In the consideration of new plant layouts, there is prone to be
a tendency toward maximum operating eflicivney with the pos-
sible sueritice of other tactors which have a decided heuring on
1vestment eostsand over-all operuting costs. [t is quite evident
that these various factors have all been given primary consideru~
tion in this stution layout.

I believe that while this plant incorporates some rudical
depurtures from standard design, it would seem to be very
safe change. 1t is evident that the high-pressure scetion, which
embodies very specinl features, has been so arranged in its re-
lation to the rest of the plant that if an unforseen complication
should arise, no finaneial peualty will he imposed even if it
beeomes necessary to radically change or eliminate this special
part of the equipment. This, in my opinion, is a most important
consideration, and in the development of large central stations,
I bhelieve we should place ourselves in the position of doing not
what we might like to do from the stundpoint of highest eflicicney
alone, but what from a business standpoint is the safe thing to
do,—investment and eurnings being considered.

In designing a plant, another question to be considered is
reliability —the plant must operate. We are in the position
to-day where departures whieh involve radical changes from
standard design must be so planned as not to penalize the high
order of service which must he rendered to-day.

I believe that this plant design presents a combination of
equipment which marks a step in advance in the application of
high steam pressures, and. at the same tinie, eliminates the
possibility of complications which may have their effeet in
either the lowering of reliability of service or inereasing main-
tenance costs.

G. L. Knight: There is one point [ think which has not
been touched on and that applies particularly to those of us
who were compelled to make our decisions, especially on steam
conditions, somewhat before these later developments in hoiler
and steam turbine designs were made available. We are not
going to suffer altogether thereby, 1 think, but can take ad-
vantagoe of some of these developments by using high-pressure
turbines in stations where we have adopted lower steam pres-
sures, installing some of our new boilers at 1000 or 1200 Ib.
pressure and exhausting the high-pressure turbines into our
present steam lines at the line pressure.

H. W. Eales: Attention was called by Mr. Liversidge to the
feature of the design at this station which permitted of the elim-
ination of the high-pressure portion and of the substitution of
the more standardized methods of design in the event of any
difficulties with the design. Being conneceted with a power
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station development whieh is utilizing pulverized fuel, I may say
that the same factors have been carried out there. The design
of the boiler house as laid out will permit of the substitution of
any other form or method of burning coal which experience or
advance in the art may direct.

Reference was made in the paper to the caleulations of the
Weymouth Station with reference to the choice of fuel com-
bustion. It seems to the speaker that much of the discussion
on the relative merits of pulverized fuel or stoker firing of coal
in these super stations is still of the conjectural type. It is my
opinion, therefore, that very little is to be gained by further
discussion of the matter at this time. I would personally much
prefer to delay comments until after experience with our par-
ticular station has demonstrated the results obtained.

The paper, on the sixth page pointed out two ‘methods of
securing power supply for station auxiliaries. It referred to the
securing of power from the main station bus with attendant
disaster to the auxiliaries in the event of general system trouble
and the means of preventing that by using motor-generators
floating between the house turbine bus and the station bus.

I wish to mention a third method, namely, that of using a
saturated core reactor between the house turbine bus and the
main station bus.

As a matter of purely experimental interest the speaker is
greatly interested in the development of the Weymouth Station
which uses an auxiliary alternator on the same shaft as the
main generator. It may be pertinent to inquire if it is possible
to go a step further and use a double-current generator, thereby
deriving the excitation in auxiliary power by the same means.

F. Samuelson: Your plans are very bold and should give
some really valuable information with regard to economy and
reliability of extra high-pressure steam plant. It is very for-
tunate that it is relatively easy to ascertain the efficiency of the
high-pressure end of the plant as the steam will be superheated
on leaving the high-pressure turbine. With known inlet and
outlet pressure and temperature of the steam it is readily found
how much of the energy is converted into work. It is of course
essential that the temperature measurements should be very
carefully taken. There may be a slight error owing to want of
exact knowledge of the specific heat of superheated steam at
such high pressure of 1000 to 1200 lb. per sq. in., but this error
will be small.

A very important matter in connection with the construction
of steam plant at extra high pressures and temperatures, is the
fact that the true elastic limit of most steels is lowered seriously
as the temperature is increased. At a temperature of about
750 deg. fahr. the elastic limit may drop to half of that obtained
at ordinary room temperature, and it is therfore very important
that this loss of strength is understood when the factor of safety
is settled upon.

As the strength of steel is so much affected by heat, I am
strongly of the opinion that the temperature of the superheated
steam should be controlled in some way. I have come across
cases where the steam temperature has heen above 800 deg. fahr.
at the turbine stop valve, and where it has heen necessary to
lower the temperature by removing some of the superheater
tubes, entailing increased drop of pressure across the superheater.
I would advocate that the superheater be located in a chamber
or compartment, prefershle within the boiler itself, and provided
with water cooled dampers, or other means which will eontrol
the flow of the hot guses. Where a reheater element is used this
should he put in the same compartment as the steam passes
through both these in series, and they ought therefore to be
subjected to the same control. The temperature control should
he automatie, regulated by some simple servo motor and pilot
valve, which in turn is actuated by the temperature of the steam
leaving the superheators.

The arrangement you have adopted for providing power for
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the auxiliaries in the station is very economical and commend-
able. A somewhat similar arrangement is in use in the Bir-
mingham Corporation power station on some 18,750-kw. sets,
but in this case the auxiliaries are driven by direct current.
A double unit d-c. generator set is driven direct from the main
turbine, one unit provides excitation, the other supplies power
for the auxiliaries.

With regard to the high-pressure turbine and its separate
generator, I am not sure that this is the best ultimate arrange-
ment. It would seem simpler to run both turbines at the same
speed, putting them in tandem and connecting the two me-
chanically by a shaft having the usual claw coupling element at
both ends. There need be no fear from out of alinement with
this arrangement, and it does away with the generator, its
losses, and some switching gear. The high-pressure turbine
would in this case have more wheels than is indicated in the
paper, but I think this would be in favor of economy, as with
very high steam densities low steam speeds are desirable.

The design of the high-pressure turbine casing will no doubt
present some difficulties with 1200 Ib. initial and 375 lb. exhaust
pressure, the mean internal pressure being in the neighborhood
of 750 1b. It may be impracticable to split such a casing hori-
zontally. The turbine set may preferably be placed at right
angles from that shown on your plan with the high-pressure end
nearest to the boiler house to shorten the steam pipes.

I see no reference in your paper to pre-heating the combustion
air by the combustion gases on their way to the chimney. I
believe this practise will be more and more taken up as it affords
a means of cooling the combustion gases before they escape to
the atmosphere, and also at the same time enables feed water to
be heated to a higher temperature by bleeding before going to
the economizer section of the boiler. With the higher feed
water temperature the size of the economizer can be considerably
reduced—part of this relatively expensive element is substituted
for a cheaper air heating element.

There are some plants in this country in which air heating
has been tried, but full information is still lacking. I
think, however, that the sytem is right, and will eventually be
successful.

I have not had an opportunity to check the curves giving the
effect of steam pressure on the turbine thermal efficiency, but
in general, I would say that they agree closely with similar
investigations I have made, though not at such high pressures.
I would, however, refer to curve No 4. which gives the efficiency
ratio of a turbo-generator under different steam pressures, and
believe that the slope of this curve is somewhat greater than it
ought to be. In other words, that the efficiency of the turbine
will be relatively greater at the higher pressures than indicated
by this curve, which is to the good.

In conclusion, I would emphasize the great importance of
proper control of the superheat in large stations such as yours
at Weymouth. If such control is established the steam tem-
perature may be raised some 50 deg. fahr. without any more
risk than with a fluctuating temperature aiming at a lower
temperature.

Joseph Pope: Answering the questions which Colonel
Junkersfeld has asked, Curve No. 4 and consequently Curve
No. 5, were prepared from data relating to the type of turbine
to be installed in Weymouth Station. The manufacturers of
the turbines, however, are not responsible for the high pressure
end of these curves. Mr. Samuelson has also referred to Curve
No. 4 suggesting that the slope is somewhat greater than he
would anticipate. It isinteresting to investigate the effect upon
the problem in hand if the high pressure end of Curve No. 4
is raised as much as 5 per cent of its present indicated value,
that is, from 72.5 per cent efficiency ratio at 1000 1b. abs. pressure
to 76.0 per cent and if instead of being convex upward the curve
is made a straight line of uniform slope between 300 lb. abs. and



1000 1b. abs. A table shows the result of this change most

conveniently:
| Ky, | [
Rankine Etr. Thermal | 121y, Thermal
Abs, Cycle Ratio | mn | Ratioas | EN. as
Press Curve 3 Curve 4 { Curve s I Modilied Moudified
100 30.75 | 83.30 25.61 | 8330 | 2561
200 33.75 82,80 27 .92 82 80 27 .92
300 35.30 82.10 | 28.99 82 10 28 .09
365 36.20 81.49 29.48 81.50 29 .49
400 | 36, 60 81.15 29,68 81.22 29.73
500 37 .50 80.00 30.00 80.356 30.12
600 38.27 78 .80 30.12 79.48 30.40
700 I 38.83 l 77 .45 30.07 78 .61 30.50
800 39.40 | 75.90 29,90 77.74 30 .60
900 39.77 | 74 .28 29 52 76.87 30.52
1000 40.00 . 72 51 29 .00 76 00 30 40

These are all slide rule figures, but sufficiently accurate for
the purpose. Under the new conditions, the peak of efficiency
comes at 800 Ib. absolute, but this maximum is only 3.8 per cent
higher than the efficiency at 365 Ib. absolute, the throttle pressure
actually selected, as against 2.1 per cent difference hetween the
selected pressure and the maximum efiiciency shown by Curve
5 in the paper, an amount clearly insufficient to justify the added
expense. Although Curve 4, as stated, is based on data for the
Weymouth machines, similar information was obtained con-
cerning other turbine types, but the conclusions to be drawn
from them were in nowise different.

The second question is “Why was 1200 Ib. selected for the high-
pressure equipment?’”” It was prineipally because of the equip-
ment available, and because the curve of cyele efficiency is
rapidly approaching the horizontal at that pressure. In actual
operation the boiler pressure will vary with the steam output
and consequently with the load on the pressure reducing turbine.
It is probable that the normal operating steam output will be
such that the boiler pressure will be about 1000 Ib. although the
safety valves are to be set at 1200 Ib.

The third question “How is it proposed to protect the reheater
from overheating should the turbine load be suddenly discon-
tinued?”” At the time this paper was prepared there had been
no opportunity to completely investigate matters of this nature
and the cut of the high-pressure boiler as shown is practically as
it was first offered by the manufacturers. After suitable per-
formance data were available, miore thorough study of the
interaction of the boiler, superheater, turbine and resuperheater
at varying loads indicated some difficulty in controlling the
reheat. With an initial temperature of about 700 deg. the
exhaust temperature from the turbine at light loads is also very
high. In consequence the temperature leaving the reheater
would be considerably above what is commonly held to be safe.
A change was therefore made in the design and location of the
reheater in order to give the necessary control of the reheating,
but as the regulation of the initial superheat is quite satisfactory
the superheater was left substantially unchanged. Itis purposed
now to locate the reheater above the first two passes of the tube
bank with the tubes running across the boiler. The
reheater tubes are in two groups separated by a vertically sliding
damper forming in effect an extension of the front hoiler gas
baffle. By varying the vertical position of the damper the
combustion gases may be made to pass over more or less of the
reheater surface, and the outlet steam thereby maintained at
the desired temperature. It will be understood that this same
arrangement effectually takes care of the situation which may
arise from sudden loss of load on the high-pressure turbine.

The fourth question *Is there much to be gained by the use
of economizers, since feed water can be effectively heated by
bleeding turbines?”” If it be granted, and we presume that it
will be, that large commereial air heaters are still decidedly
experimental and without practical demonstration of economic
justification sufficient to warrant their general use, a combination
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of l'eed:houting‘ by extracted steam and by cconomizers secms to
be the best arrangement. It is realized that economizers cost
money, but surface type water heaters are by no means in-
expensive. 'T'he heat reclaimed from flue gases is practically
net gain, whereas that saved in bled steam is partially offset by
the extra live steam that has to be supplied at the turbine throttlo
on aceount of the extraction.

Mr. Eales inquired if it is possible to use a double-eurrent
generator on the same shaft as the main unit and therehy
derive the excitation and auxiliary power by the samo means.
Mr. Samuelson calls attention to a case in Birmingham where a
double unit d-c. generator set is used in this manner. The us
of a direct-connected exciter in conjunction with the auxiliary
alternator was considered for Weymouth and while feasible
enough was abandoned in favor of the present arrangement.

ILLUMINATION ITEMS

By the Lighting and Illumination Committee

CARBOHYDRATE PRODUCTION AND GROWTH IN
PLANTS UNDER ARTIFICIAL LIGHT

The optimum conditions of light intensity for the
growth of a great variety of plants have been determined
using continuous artificial light. The intensity re-
quirements of many plants is such that growth in
artificial light alone is practicable in northern regions
where winter sunlight is low and unreliable. Plants
such as Easter lilies can be speeded up in time of
blooming to bring them into the market at a certain
date. The use of artificial light makes it possible to
force blooming of two varieties at the same time so
that hybrids may be more easily produced. There is
a correlation between the intensity of continuous
illumination and the quantity and nature of the car-
bohydrates produced in photosynthesis. The pro-
duction of male or female flowers by some dioecious

plantsis dependent upon light intensity.— Transactions,
I.E. 8.

PRELIMINARY STUDIES IN THE RESPONSE OF
PLANTS TO ARTIFICIAL LIGHT

Several thousand vegetable seedlings raised in flats
and a larger number of flowering plants started from
cuttings, raised in pots, were placed under ten 500-watt,
110-volt Mazda C clear from March 1, 1923 to April
4, 1923. The lamps were turned on at 9:00 p. m. and
automatically shut off at 2:00 a. m. during the five
weeks of the test. In addition to the artificial light the
plants were exposed to sunlight. Check plants under
sunlight only were duplicated in size and variety. As
a result the plants bloomed approximately 8 days
earlier than the check plants. The chemical tests
show approximately the same amount of chlorophyll
in both groups of plants. A progressive series of
illustrations as well as curves plotted on charts show
the remarkable growth and production of forced plants.

Light, one of the most important external factors in
the growth of the plant, may in a few years be supplied
economically to the commercial grower which will mean
that the crops, both vegetables and flowers will be
raised in a shorter period, that there will be earlier
productions in the spring and also in the bringing of the
crops in on scheduled dates.—Transactions, I. E. S.
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CLEVELAND HAS NEW STREET LIGHTING
DEMONSTRATION .

To make available to municipal civie, and central
station officials practical knowledge of street lighting,
and to present to them fundamental principles gov-
erning the choice and installation of standard street
lighting equipment by means of actual working models,
a 2000-ft. section of E. 152nd Street, Cleveland, has
been equipped with a street lighting research set-up.

The demonstration consists of some 40 different

Fic. 1

The spectacular effect obtained at night with all systems turned on.
The resulting illumination is approximately 5 times as much as any other
street in the world.

circuits and each circuit, with the lamps it controls, is
a distinct type of installation. Lamps ranging in
size from 100 candle power (1000 lumen) to 3000
candle power (30,000 lumen), spacings trom 75 feet to
900 feet, mounting heights from 10 feet to 25 feet, and
locations of units from 2 feet back of the curb line in
successive steps to the center of the street, are all
employed.

Figc. 2—Day View or CLEVELAND STREET LIGHTING
DEMONSTRATION

This installation affords by far the most compre-
hensive demonstration of street lighting effects ever
installed. It furnishes possibilities for instant com-
parisons between almost any two street lighting systems
employing standard incahdescent lamp equipment; its
purpose is to offer concrete visual evidence to those
interested in street lighting so that they may compare
the types of system used in their own cities with any
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modern design, both types being demonstrated on the
same street.

Through the cooperation of the Cleveland Illu-
minating Company, the Department of Light and
Heat, City of Cleveland, and the Engineering Depart-
ment, National Lamp Works of the General Electric
Co., the demonstration is to be made available to all
who are concerned with street lighting engineering;
visitors to Cleveland are afforded an opportunity to
inspect and study the various systems.

ELECTRICAL APPLIANCES AND LAMPS
IN RESIDENCES

A report of a committee of the Association of Edison
Iluminating Companies presented in September, 1923,
makes available information concerning the number of
lamps and appliances in dwellings in the northeastern
part of the country as ascertained through surveys

RELATIVE KILOWATT-HOUR CONSUMPTION,
IN AVERAGE RESIDENCES AR\ :
iN NORTHEASTERN PART .

Fig. 1—ELECTRICAL APPLIANCES AND LaMPs IN RESIDENCES

conducted in 1921 and 1922. 1497 residences were
surveyed in 1921 and 5015 were surveyed in 1922.
The surveys were made in five cities in 1921 and in
eight cities in 1922. In each year approximately 100
central station employes visited dwellings and inspected
the electrical equipment for this purpose. In addition
to noting the number, rating and condition of all lamps
and appliances, these men, in conference with house-
holders, estimated the hours use throughout the year
for each lamp and appliance. In 1922 graphic meters
were installed in more than 100 dwellings chosen as
being representative of the whole number surveyed, and
records were obtained showing the actual consumption
by lamps and by each kind of electrical appliance in
these residences during a week in May.

The number of each kind of appliance per 100
medium class residences is shown by the committee
report in Table 5 which follows:
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TALBI v
PREVALENOE OF BELEOTRIOCAL APPLIANCES IN MEDTUM CLASBS RESIDENOLES O)F VARIOUSR o1y
| Numbor of applinnceos por 100 resldoncos
Numbur of ]
Kindsof | rusidences Clty Vacuum | Washing Perco- Radiu- Sowlng Qurling
4 'FOHNOIICGH , swveyed | ranking | Matirons | cleuners | machines | Toastors lators tory Grills machines Pans irons
I 1922 Residonce Survoey ‘
| Highest 100 8¢ 51 50 20 19 10 12 16 21
Housoes 1420 [ Average 8y 66 28 30 12 10 1 ] 10 )
fLowest 80 13 8 2) 6 [ Non 2 3 l 1
1
Highest 100 72 31 59 28 1 4 16 4 .3
Apartments 190 Averago 99 62 20 45 22 3 2 10 3 5
‘ Lowest U8 51 8 31 16 6 None 1 None 3
t
| 1921 Residence Survey
| Highest (1] 70 bY 41 21 13 10 11 5
Houses 550 Average 04 58 41 32 | 13 9 6 6 3
' | Lowest 42 16 18 3 8 3 3 3
Highest 99 67 45 46 21 13 b [3) 12 6
Apartments 947 Averago 83 40 X 15 30 13 6 | 1 8 3
| Lowest 37 9 Nono 7 | 2 2 1 [§] None

This indicates a wide range of appliance saturation
as between different cities. Perhaps the most striking
difference is exhibited in the case of washing machines,
51 of which were found in the 1922 survey in 100
medium class houses in one city, as compared with
only 8 in 100 houses in another city. Doubtless
variations in local conditions account for much of the
difference here indicated, but the table makes evident
the large extent to which labor-saving and comfort-
promoting electrical appliances have yet to be supplied
to the public.

Statistics shown elsewhere in the report indicate
that in general electrical appliances are used more
largely in houses than in apartments, and in general,
though not without many exceptions, are used more
largely in the higher class dwellings than in less well-
to-do homes.

The report shows that the average watts of lamps
used in the homes in the cities surveyed is of the order
of 45 and approximates 1/2 watt per square foot
of floor space for the lamps in general use exclu-
sive of those which are installed but not ordinarily
employed.

The report presents a rather elaborate analysis of
the relative consumption of electricity by lamps and by
appliances in the residences surveyed. The conclusions
In this respect are reached by two methods:

1. Estimates made by each of more than 6000
householders in collaboration with the surveyors,
showing estimated consumption by each electrical
appliance and by lamps.

2. Deductions as to annual consumption from
measured consumption by each kind of appliance and
by lamps in about 100 representative residences during
a week in May.

The distribution of the total consumption by
appliances as ascertained from the combined surveyor-
customer estimates and from the measured consumption
during the test week appears in the committee’s Table
17 as follows:

TABLE XVII

RELaTIVE CONSUMPTION IN RESIDENCES BY APPLIANCES ©
Various Kinps

Surveyor- Measured

customer during

estimaltes test weelk

0

Flatirons 76.8 81.8
Vacuum ecleaners . . 4.2 2.6
Washing machines 6.5 7.2
Toasters . . 4.9 5.3
Percolators. 1.6 0.7
Radiators. 1.5 1.4
Grills . 0.5 0.003
Sewing machines. 0.3 0.01
Fauns. - 0.4 013
Curling irons. . 0.5 0.06
Miscellaneous. . . .. - 2.8 0.80
Total consumption by all applianees 100.0 100.00

The proportion of total annual residence consumption
of electricity which is attributed by the committee to
appliances as derived from the surveyor-customer
estimates is 17 per cent and as derived from measure-
ments in the test week in May is 20.6 per cent. The ac-
companying illustration indicates the relative annual
consumption by lamps and by each of the more im-
portant appliances based upon the surveyor-customer
estimates.

DAYLIGHT AS AN ATTENTION-GETTER

The danger signal advertisement 1s a unique way of
using light to get (secondary) attention thrown over to
an advertisement placed along the roadside. Warning
those who pass by of approaching danger it fulfills a
two-fold purpose by directing attention to the road and
creating the tourists’ good will toward the advertiser
who erected it.

By day a ruby lens and reflector catches even the
faintest rays of the sun and throws them in the
motorist’s eye. At night an alternating light throws
the danger-red warning down the pike. The advertiser
requests, “In case of damage, kindly notify the State
Highway Commission.”
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PACIFIC COAST CONVENTION
Del Monte, California, October 2-5, 1923

The 1923 Pacific Coast Convention of the A. I. E. E. at Del
Monte, California, October 2-5, has passed into history as a most
enjoyable and profitable Institute event for the fortunate two
hundred and fifty-two members and guests who attended and par-
ticipated in the excellent program of professional sessions and
other interesting features, the plans for which had been carefully
made and were coordinated and carried out in a highly satis-
factory manner by the various members of the Convention
Committee.

The geographical territory represented by those in attendance
included eleven states, Canada, and Czecho-Slovakia.

TECHNICAL SESSIONS

There were four sessions at which papers were presented and
discussed as outlined below:

First SEssion, WEDNESDAY MorNING, OCTOBER 3
The Convention was called to order by Mr. Robert Sibley,
chairman of the Convention Committee, who, after a short
address of welcome, presented President Harris J. Ryan and
Secretary F. L. Hutchinson, each of whom mad e brief addresses.
The following papers were then presented:
Mechanical-Electrical Construction of Modern Power Trans-

misg’on Lines, by C. B. Carlson and W. R. Battey, Southern
California Edison Co. (Presented by Mr. Carlson).
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as Imposed by Electrical Conditions, by W. Dryer, Pacific
Gas & Electric Co.

Discussion of the above two papers followed by Messrs.
F. G. Baum and W. Dryer, San Francisco; O. B. Coldwell,
Portland; E. V. Pannell, New York; W. A. Hillebrand, Palo
Alto, Calif.; and Harold Michener, R.J. C. Wood and C. V.
Carlson, Los Angeles.

Researches Relating to High-Voltage Transmission, an illustrated
address by President Harris J. Ryan, Professor of Electrical
Engineering, Leland Stanford University.

Discussion by Dr. Charles P. Steinmetz.
110-kv. Transmission Line for Oak Grove Development of Portland

Railway, Light & Power Co., by H. R. Wakeman and H. W.
Lines, Portland Railway, Light & Power Co. (Presented by
Mr. Wakeman).

Transmission Line Construction in Crossing Mountain Ranges,
by M. T. Crawford, Puget Sound Power & Light Company.
(Presented by Mr. John Harisberger, of Seattle).

Discussion of the above two papers by Messrs. R. J. C. Wood

and Harold Michener, Los Angeles; J. P. Jollyman and
Henry Bosch, San Francisco; W. S. Jennens and H. T.
Plumb, Salt Lake; R. H. Halpenny, Riverside, Calif.;
John B. Fisken and L. J. Pospisil, Spokane; and H. H.
Schoolfield, Portland.

Insulation Design of Anchors and Tower Supports for 110,000~
Volt, 4427-Ft. Span over Carquinez Straits, by L. J. Corbett,
Pacific Gas & Electric Co.

Discussion of the above paper by Messrs. L. M. Klauber,
San Diego; H. H. Schoolfield, Portland; and J. P. Jollyman, -
San Francisco.

Test Resulls on the Performance of Suspenston Insulalors in
Service, by C. F. Benham, Great Westorn Power Co.
Discussion of the above paper by Messrs. W. A. Hillebrand
and John A. Koontz, Palo Alto, Calif.; and J. E. Woodbridge,
San Mateo, Calif. :

SeconD SessioN, WEDNESDAY AFTERNOON, OCTOBER 3

(Mr. J. P. Jollyman, of San Francisco, presiding)
Some factors in the Power Problems of the U. 8. A., an illustrated
address by F. G. Baum, Consulting Hydroelectric Engineer.
This address, by Mr. Baum, was illustrated by stereoptican
slides.
Discussion of above address by Messrs. L. F. Blume, Pittsfield,
Mass.; O. B. Coldwell, Portland; F. G. Baum, San Francisco;
and R. L. Hearn, Spokane.

Ezxperience with Bearings and Vibration Conditions of Large
Hydroelectric Units, by John Harisberger, Puget Sound
Power & Light Co.

Water Wheel Construction and Governing, by E. M. Breed,
Pelton Water Wheel Co.

A Study of Irregularity of Reaction in Francis Turbines, by
R. Wilkins, Pacific Gas & Electric Company.

Discussion on the above three papers by Messrs. H. P. Treat,
R. Wilkins and E. M. Breed, San Francisco; R. L. Hearn,
Spokane; E. R. Stauffacher, R. J. C. Wood and John Sturgess,
Los Angeles; and John Harisberger, Seattle.

Recent Hydroelectric Developments on the Southern California
Edison Co., by H. L. Doolittle, Southern California Edison
Co. (Presented: by Mr. C. B. Carlson, of Los Angeles).

Upper Falls Development of the Washington Water Power Co.,
by L. J. Pospisil, Washington Water Power Co.

Hight-Voltage Switches, Bushings, Lightning Arrester Experience
of the Southern California Edison Company on s 60,000,
160,000 and 220,000-Volt Systems, by H. Michener, Southern
California Edison Company.

High-Voltage Circuit Breakers, by A. W. Copley, Westinghouse
Electric & Mfg. Co.
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Wagneto-Mechanieal Loads on Bus Supports, by .. N. Robinson,
Stone & Webster, Seattlo. (Presented by John Harisherger,
of’ Seattle),

Diseussion of the above three papers by Mossrs. J. S.
Thompson and A. J. Bowie, San Wraneisco; R. W. Sorensern,
Pasadona; H. Miehoner and K. R. Stauffacher, Los Angeles;
and R. M. Spwiek, Schenectady.

Thirn Sessi0N, Tiunepay MonrNing, OcTonkn 4

(Mr. Joln B. Iisken, of Spokane, presiding)

ITigh-Voltage I nsulation, by J. L. R. Hayden and C. P. Steinmetz,
General Kleetrie (o, Schenectady. (Presented hy Mr.
Haydeon).

Diseussion by Professor 2. W. Sorensen, Pasadena, and Dr.

. P. Stoinmetz, Schenectady.

Waterwheel Generalors and Synchronous Condensers for Long
Transmission Lines, by M. W. Smith, Waestinghouse
Eleetrie & Manufacturing Company.

Methods of Voltage Control of Long Transmission Lines by the
Use of Synchronous Condenser, by J. A. Koontz, Jr., Great
Western Power Company.

Diseussion by A. W. Copley, San Franciseo; R..J. (", Wood,

Los Angeles; and J. A. Koontz, Palo Alto.

Economic Considerations of Power Factor Control of Long High-
Voltage Transmission Lines, by A. V. Joslin, Pacifie Gas &
Electric Company

Discussion of the above paper by Messrs. F. G. Baum and

J. P. Jollyman, San Francisco: and R. J. C. Wood, Los Angeles.

Performance of Auto Transformers with Tertiaries under Short-
cireurt Conditions, by J. Mini, Jr., Pacific Gas & Eleetric
Company; L. J. Moore, San Joaquin Light & Power Corpor-
ation; R. Wilkins, Pacific Gas & Electric Company. (Pre-
sented by L. J. Moore and R. Wilkins).

Discussion by L. F. Blume, Pittsfield, Mass.

Transformers for High-Vollage Systems, by A. W. Copley, West-
inghouse Electric & Manufacturing Co.

Discussion of the above paper by Messrs. R. W. Sorensen,

Pasadena, and A. W. Copley, San Franeisco.

Applications of Long Distance Telephony on the Pacific Coast,
by H. W. Hiteheock, Pacific Telephone & Telegraph
Company.

Telephone Transmission over Long Distances, by H. S. Osborne.
American Telephone & Telegraph Co., New York.

Discussion of the above two papers hy W. D.
Sacramento.

Scott,

FourTa SessioN, Fripay Morning, OCTOBER 5

After preliminary remarks, President Ryan asked Vice-
President J. E. Macdonald, of Los Angeles, to act as Chairman.
T'heory and Practise in High-Voltage Operation, by R.J. C. Wood.

of Southern California Edison Company.

Discussion of the above subject by Messrs. J. E. Woodbridge,
San Mateo; R. J. C. Wood, J. A. Lighthipe, and E. R. Stauf-
facher, Los Angeles: and J. P. Jollyman, San Francisco.

Group Operation of Systems having Different Frequencies, by
E. R. Stauffacher and H. J. Briggs, both of the Southern
California Edison Company, (Presented by  Mr.
Stauffacher).

Discussion of the above paper by Messrs. L. M. Klauber,
San Diego; R. J. C. Wood, Los Angeles; P. M. Downing,
San Francisco; and O. B. Coldwell, Portland.

Some Experiences with a 202-Mile Carrier-Current Telephone
by E. A. Crellin, Pacific Gas & Electric Company.

Carrier-Current Telephony on the High-Vollage Transmission
Lines of the Great Western Power Co., by J. A. Koontz, Jr.,
Great Western Power Co.

Recent Developments in  Carrier-Current Communicalion, by
Dr. L. F. Fuller, General Electric Co., Schenectady.

Vice-President H. T. Plumb, Chairman of a previously
appointed committee, consisting of himself and Messrs. J. A.
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Lighthipo and 1. M. Downing, introduced tho following reseln
tions, both of which were unanimously adoptod

Resolution tn Memory of Johan A. Reltton

WHEREAS, the Mwific Coast Convention of the Amerlean Institine
of Wloctrical Knglncors fa boing held in the section of onr country which
was the home of John A Britton, who, for ncarly a half contury, sorved
our industry and our profession §nca nrannor (at so endeirod him to « ach
and every one of us as to male him altectionately known as the “Dean of
the Kloctrical Industry in the West

THEREFORE, BIC 1’1" RISCORDISD that John A. Britton was loved
and rospected for his high dovotion to duty and for his magnifleent ldeals

of sorvico while with us, to a degeeo rarely attained by maen
And, further, that a copy of this resolution be transmitted to his family

together with an appropriate mossage of profound sympathy and regard

Resolution of Thanls to Members of Convention Commitee

WHERKAS, in brilliant sctting, in large attendance. In helpful well
written papers and in friendships most inspiring, this Pacifle ¢ ‘vast Con
vention of the Amcrican Institute of Blectrical KEnginecers has surpassed
previous conventions

And bhecause suecessful conventions do not happen but result from good
engineering, systematic planning, professional cooperation and effective
committee work:

THEREFORE, BE I'T RESOLVED that this convention CxXpress its
heartfelt appreciation and gratitude toward

1 The oflicers of the [nstitute and the members of the various eom
mitiees who have functioned so adrirably in planning the technical ses-
sions, arrangements, entertainment, reception, registration, transportation
and inspeetion trips.

2. The technical press, the Electrical World, the Engineering News

Itecord, and the .Journul of Llectricity for their personal represenration
at this convention, and for the able assistance given by them on com-

mittee work.
3. The Hotel Del Monte for ivs courteous and gracious hospitality

at all times during our convention.

4. The San Francisco Seetion, our most gracious host, for its untiring
effort in sponsoring and seeing through a convention of such high character
and quality, and so full of vital inspiration.

The Pacific Coast Convention Committee, which, by its
thorough and effective work, earned the appreciation of all
present, as expressed in the ahove resolution, consisted of the
following members: President Harris .J Ryan. Honorary
Chairman; Robert Sibley, Chairman; Allen G. Jones, Secretary.
Messrs. H. W. Hitcheock, R. F. Monges, E. M. Breed, J. C.
Clark, C. E. Fleager, M. C. MeKay, George R. Murphy, L. S.
Ready, J. E. Woodbridge, Henry Bosch, Jr., and the following,
who, in addition to being members of the General Conmmittee
were chairmen of subcommittees in charge of the activities
indicated: S.J. Lisberger, Papers; W. C. Heston, Arrangements;
W. G. Vineent, Jr., Reception; W. B. Sawyer, Contests; W. P.
L’Hommedieu, Banquet; R. A, Balzari, Registration and
Transportation; H. W. Crozier, Big Creek Inspection Trip;
R. R. Cowles and W. Winter, Bay Region Inspection Trips.

H. W. Crozier, of San Franeisco, made a motion, scconded by
L. J. Corbett, of San Francisco, that a committee be appointed
to make recommendations in connection with the development
of the Colorado River and extension of existing systems to
conform to 60-cycle practise. Motion earried.

Chairman Maedonald ealled upon [President Ryan, who,
prior to adjourning the Convention, referred to the excellent
addresses made by Dr. Jewett and Dr. Millikan, delivered at
the banquet the previous evening, and expressed his appreciation
for the “Aid to Hearing Set” furnished him by Dr. Jewett and
coworkers, a great help to him in carrying out his work as
President of the A. 1. E. K.

Adjourned at 11:45 A. M., sine die.

Invitation from Czecho-Slovakia. During the banquet on
Thursday evening, Dr. Vladimir List, Professor at the Technical
University of Brno, Czecho-Slovakia, and Vice-President of the
Czecho-Slovak Electrieal Association of Prague, addressed the
Convention, briefly expressing his appreciation of the oppor-
tunity of attending, and stating that he was commissioned by
the Czecho-Slovak Electrical Association to invite the members
of the Institute to attend the general meeting of that organization
in Prague next July, stating also that there would be an electrical
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exhibition and many other features that would be of interest to
American electrical engineers.

REPRESENTATIVES' SESSION

On Wednesday evening a conference was held of officers and
representatives of the various Institute Sections in Geographical
Districts No. 8 and No. 9 (Pacific and Northwest Districts).

Vice-President J. . Macdonald of the Pacific District presided,
and the others in attendance included Messrs. T. H. Crosby, of
Vancouver; John Harisberger, of Seattle; H. H. Schoolfield, of
Portland; John B. Fisken and L. J. Pospisil, of Spokane: C. R.
Higson, of Salt Lake City; Professor R. W. Sorensen and E. R.
Stauffacher, of Los Angeles; H. W. Crozier, J. C. Clark, W. C.
Heston, Allen G. Jones, J. A. Koontz, of San Francisco; also
President Ryan, Vice-President Plumb, Mr. E. E. I. Creighton,
Past Chairman of Meetings and Papers Committee, and National
Secretary F. L. Hutchinson.

The meeting afforded an opportunity for a discussion of
various matters relating to Institute activities and policies, in
which all present participated until a late hour. Strong argu-
ments were presented favoring Pasadena and Portland as the
meeting place for the Pacific Coast Convention in 1924, and
finally a committee of five was appointed, consisting of two mem-
bers from the Northwest, two from Southern California, and
Vice-President Plumb, of Salt Lake City, with the understanding
that if the committee reached a unanimous recommendation it
would be forwarded to the Board of Directors as the action of
the conference. Later, at the banquet on Thursday evening,
October 4, this committee reported that it unanimously recom-
mended Pasadena for the 1924 Convention, the exact date to be
fixed later, but preferably to be between October 15 and
November 1.

BanqUEeT, THURSDAY EVENING, OCTOBER 4

Over two hundred members and guests were present at the
banquet held on Thursday evening. Mr. Robert Sibley,
Chairman of the Convention Committee, presided as toast-
master, and during the dinner a number of interesting and
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amusing features were successfully carried out. At the con-
clusion of the dinner the principal event of the evening occurred,
as reported elsewhere in this issue, namely, the presentation of
the Edison Medal to Dr. Robert A. Millikan.

ENTERTAINMENT

During the week ample entertainment was provided for the
members and guests in attendance, including various automobile
trips for the ladies, golf, tennis, swimming, and other recreation
for all who desired to participate; also informal dancing each
evening.

The principal golfing event was the competition for the John
B. Fisken cup, for which there were forty-three entries, resulting
in a tie between Messrs. S. J. Lisberger and P. M. Downing.
The committee in charge decided that this tie should be decided
by a putting mateh which was held in the dining room during the
banquet on Thursday evening, and after a strenuous contest,
resulted in a vietory for Mr. Lisberger.

The ladies’ putting contest, in which fifteen ladies participated,
was won by Mrs. S. J. Lisberger.

A Kicker's tournament was conducted and resulted in a tie
between several contestants. This tie was also decided by a
putting contest, the winner being Mr. P. M. Downing. Mr.
W. G. Vincent was the “runner-up.” Golf clubs were presented
as prizes.

EXCURSIONS

Upon invitation of the Southern California Edison Company,
about fifty members and guests departed on Friday evening in
special cars for a two-day visit to the power plants in the Big
Creek development.

Many other members participated on Saturday, Oetober 6,
in visits to the principal substations of the Pacific Gas & Electrie
Company and the Great Western Power Company in the San
Franecisco Bay region. Other individuals and small groups
departed by special arrangement for visits to various other
power developments in California and other Pacific Coast States.

Edison Medal Presented to Dr. Robert A. Millikan

The Edison Medal, which was awarded by the unanimous vote
of the Edison Medal Committee in December 1922 to Dr.
Robert A. Millikan for his experimental work in electrical
science, was presented to Dr. Millikan immediately following
the banquet held during the Pacific Coast Convention at Del
Monte, California, on the evening of October 4.

Mr. Robert Sibley, Chairman of the Contention Committee,
presided and he explained that Dr. Frank B. Jewett, who was
President of the Institute last year when the award was made,
had fully intended to be present and make the presentation
address, but that the Japanese disaster had made a change in
Dr. Jewett’s plans necessary, and he was unable to leave New
York at this time. Arrangements had been made, however,
whereby Dr. Jewett would address the audience from New York
by means of long distance telephony and amplifiers. DMr.
Sibley then announced the program, which was carried out as
follows:

National Secretary F. L. Hutchinson, who is also Secretary of
the Edison Medal Committee, made a brief statement regarding
the origin and history of the Edison Medal, concluding with the
list of medalists. :

’ Past-President Jewett then presented his address, from
which the following is extracted:

To you President Ryan, to you Dr. Millikan, and to you. members and
gugsts of the A. I. E. E. assembled at Del Monte, it is my pleasurable
privilege to act as spokesman for those members of the A. I. E. E. who,
like myself, are so unfortunate as to be absent from the 1923 Pacific Coast
Convention.

But you will pardon me I know when I say that my pleasure is not
untinged with regret—regret that although I may be with you in spirit

and voice, circumstances beyond my control have prevented being with
you in the flesh. But this is far from all, for who is the Medalist? To
you he is the man the electrical engineers of America desire most to honor
for his achievements in electricity; he is the great scientist, the great man
in all those aspects of mind and character which represent greatness at
its best. Perchance he is a friend which is but another way of saying you
have met him., To me he is all this and infinitely more,—in some ways
more probably than to any man living. For he was my teacher in those
days of early manhood when I was seeking to acquire the tools of scientific
knowledge which were to be my equipment for life.

But though I regret the miles which separate us, I experience a teeling of
satisfaction in the knowledge that the very means which enable me to
speak to you in this manner embodies much of the results of this man’s
work and is to a large extent the achievement of a group of men who derived
instruction and inspiration from him.

And now Mr. President, I have a pleasant task to perform. In presenting
our Medalist to you, and on bhehalf of the Edison Medal Committee, I
desire briefly to recite the more important considerations which led to his
selection.

Probably the best known and most noteworthy of Millikan's works are
his so-called ‘*0il drop’’ experiments, which were undertaken for the purpose
of making precise measurements of e. that is, of the fundamental electrical
quantity. These experiments proved conclusively that all electrons are
alike and the results obtained by Millikan have been of inestimable value
in the calculation of physical constants. In a word, the results which he
obtained were revolutionary in character and eliminated almost completely
the necessity for surmise and hypothesis in the interpretation of many
phenomena and experiments.

Second only to the oil drop experiments is Millikan's work on photo-
electric efTect and his measurement of the so-called h constant. This is
a universal physical constant of fundamental importance notably in the
structure of the atom and in the relations between matter and radiation:
its meaning is doubtless not yet fully clear. By identifying and measuring
this constant in his experiments on photo-electric phenomena, Millikan
made a very important contribution to modern phiysics.

More recently Millikan's work has tended toward a definite bridging of
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the gap between light and X-ray phenomena. By this work ho has pushed
the ultra-violet spectrum down about two oclaves or nearly, if not quite,
to the long wave length X-rays,

All three of the foregoing monumental pieces of work are, I think,
typical of Millikan's place in the scientific world.

Reference should also be made to the Physical Review Papers of 195 on
the coefficient of slip, the reflection of molecules, and the complete law of
fall of a particle through a gas at all densities, definitely settling one of the
historical problems of the kinetic theory, which has becn incompletely
treated both theoretically and experimentally by scores of papers during
the past twenty-five years.

Among minor contributions may be named the establishment of the
independence of the photo-electric effect upon temperature, the experi-
mental proof of the fact that a light wave may impart an energy to a free
electron of the metal, the relation between the contact potential of 2 metal
and the photo-electric work-function, the determination of the law of
Brownian movements in gases, the conditions for the detachment of two
electrons from a single atom by the impact of an alpha or a beta particle
against it; the non-existence of an intense penetrating radiation in the
upper air, the extraction of electrons from metals by intense applicd fields.

All of Millikan’s important contributions to experimental physics have
been in the region which is particularly important to electrical engineers,
and the results which he has obtained have opened for us vast new arcas
for exploration and advance—exploration and advance which we can make
with the assurance that our line of communication is based on a sub-
stantial bulwark of established fact.

Although Millikan's claim to recognition rests particularly on his ex-
perimental work, there are two other classes of achievement for which we
here in America are greatly indebted to him. One of these is his work
during the war and in the formation of the National Research Council,
and the other is his influence as a producer of men.

He served throughout the war not only as a Lieutenant Colonel in the
Signal Corps and as Director of all the scientific work which from time to
time devolved on that branch of the Army, but he served alsn as a member
of the Navy Department’s Special Board on Anti-Submarine Matters. and
as the executive head of the National Research Council, which was by
Presidential proclamation charged with the duty of final advice and direc-
tion of the scientific work of the Government. .

I was closely associated with him in all of his war work and I have not
the slightest hesitancy in saying that to Millikan above all other American
scientists is due the credit for whatever good resulted from the activities
of America’s scientists. He contributed not only from his own great
store of scientific wisdom. but he was largely the dri vir.g force which directed
the activity of others, including the Government Bureaus. into proper
channels and stimulated individuals to an almost superhuman activity.

During the past two decades Millikan has done more to influence young
men in the direction of scientific research along lines of clear thinking and
with a high goal of prospective attainment. than anyone else in America.
His characteristics of great humanity and of absolute intcllectual in-
tegrity have been constantly in evidence.

Taken all in all it seems to me that the combination of inherent individual
ability as a producer in his chosen field and his ability to influence human
beings to an emulation of his ideas and methods, has placed Millikan in
the very front rank of present day scientists.

At the conclusion of Dr. Jewett’s remarks, President Harris
J. Ryan presented the medal and certificate of award to Dr.
Millikan.

Dr. MiLLIKAN’S RESPONSE

Dr. Millikan said that when he reflected that preceding Edison
medallists had been men of the type of Charles F., Brush, who
had first shown the world that electricity might be used for city
lighting, Alexander Graham Bell, whose invention was at the
base of the whole vast system of modern communications,
Frank J. Sprague, who had been responsible for the application
of electric power to railway transportation, M. I. Pupin, who
had made long distance telephony possible, J. J. Carty, under
whose inspiration and leadership the telephone repeater and
amplifier with all that they mean to the enrichment of modern
life had been brought forth, and others of like achievement in
the application of electricity to large industrial uses, he felt
certain that there had been a misunderstanding or a mistake in
connection with this year’s award. For when he looked over
his own thirty years of scientific effort he could find no industry
which had grown out of his researches, nor even any which had
been very immediately benefited by them. To make this alto-
gether clear he outlined what his absorbing interests actually
had been during these thirty years.

He then continued, “Since this survey certainly reveals
nothing of great industrial consequence I am obliged to adopt
either the mistake-theory, or, as an alternative, to assume that
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the American Institute of Electrical lingineers has this year
been led to adapt anew policy—a policy of recognizing occasion-
ally, at least, as something of vital, practieal importance to the
world, a type of aetivity which does not lead to immediate
industrial advances. I am going to assume that this lagt
hypothesis is correct, and in hehalf of all workers in what is
called the field of pure scicnce, all those who aro spending their
lives in trying merely to ferret out nature’s secrets and Lo hetter
man’s understanding of her laws, I wish not only to oxpress my
appreciation to the Institute for the award, but also to compli-
ment it upon the hreadth of its own vision and the service to
science which it has done in recognizing before the public the
value of this other field. Ior, in the final analysis, the thing in
this world which is of most supreme importance, indeed the
thing which is of most practical value to the race, is not, after
all, useful discovery or invention, but that which lies far back
of them, namely, ‘the way men think’—the kind of conceptions
which they have ahbout the world in which they live and their
own relations to it. It is this expanding of the mind of man
this elarifying of his conceptions through the discovery of truth
which is the immediate object of all studies in the field of pure
science. Behind that object, however, is the conviction that
human life will ultimately be enriched by every increase in
man’s knowledge of the way in whieh nature works, since
obviously the first step in the beneficient control of nature is a,
thorough understanding of her.

“To illustrate my contention that the way men think is the
most important and the most practical thing in human progress,
I wish to consider briefly two great epochs in history in which
significant changes have been brought about in man’s conception
of his world and of the place he occupies in it. The first epoch
began just 450 years ago; for this year happens to be the 450th
anniversary of the birth of Copernicus, or, as he was known in
his native Poland, Nikolaus Copernik, a man who spent his
his life not primarily in the pursuit of astronomy, but rather in
the service of the church, for he was Canon of the Cathedral
of Frauenberg. This man was more than any other responsible
for changing the conceptions of mankind about what some men
who call themselves practical would say had no bearing upon
this life of ours at all, and yet there was not a political or social
change in Europe during the two or three succeeding centuries
which it did not affect.

“It is not strange that through all the ages up to the time of
Copernicus the earth had been the center of man’s universe,
nor indeed that his whole thinking had been ego-centric—that
he felt that the universe had been created especially for him
with every bird and beast and flower ministering to his pleasure.
Nor is it strange that in spite of this self-centered conception,
surrounded as he was with mysterious forces, his philosophy
of life had been a supinely fatalistic one,—that little idea had
as yet entered his mind that he himself might have any real
control over nature or that he had any responsibility for the
shaping of human destinies. In all the ancient world three
blind fates sat down in dark and dank infern'o and spun out the
lives of men. Man himself was not a vital agent in the march
of things; he was but a speck tossed hither and thither in the
play of mysterious, titanic uncontrollable forces. Even after
the advent of Christianity no idea of the possibility of changing
bad conditions by human effort gained access to his thinking.
The best that he could do was to withdraw from the world and
to cultivate his soul in a monastery, or to mortify the flesh
after the manner of the pillar-saints, in the hope of reaping a
reward in the next world for his piety.

“Now note first the simplicity of the process by which a
change in his thinking begins to come about, and then ncse the
result. The simplicity of the process has been characteristic
of the advance of science in all ages. Careful observations such
as men made in those days as well as this, had brought out
difficulties in the explanations which had come down from the
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past. The dome of heaven rotating about the earth and carry-
ing the fixed stars, and other transparent crystalline domes
carrying the planets and the sun and rotating at different speeds,
were simple enough if one is not too insistent upon the require-
ments of mechanical engineering, but careful observation
had shown retrograde motions, at certain seasons, of the planets
outside the earth’s orbit, which are actually due to the fact that
the earth itself is at these times speeding between these outer
planets and the sun at an angular speed greater than their
own, thus causing them to seem to go backward. Such phenom-
ena imposed impossible conditions upon the crystalline domes
of the ancients unless the most complicated and grotesque
assumptions were made. Copernicus wrote his only book to
show that all these difficulties disappeared and all explanations
came out vastly more simply if the earth is assumed to be but
one of a number of little planets rotating once a day upon its
axis and circling once a year about the sun. But realizing that
this new coneeption might arouse opposition because it robbed
man of his central position in the scheme of things he wrote to
the Pope, to whom he dedicated his book, asking him to use his
influence to defend him from those who might attack his theory
‘hecause of some passage of Scripture which they had falsely
distorted for their own purposes.” Here is a devoutly religious
man 400 years ago of sufficient vision to see, even in the dim
light of that shadowy age, that the foundations of real religion
are not laid where scientific discoveries of any kind can dis-
turb them, and who therefore keeps his mind open at all times
to truth from whatever angle it tries to enter.

“But now look at the results of the introduection of this new
way of thinking upon a subject which had apparently no indus-
trial or commereial bearings whatever. The shock to tradition
and to established custom was too great for the unseeing of his
day as it is of ours. The Inquisition came and the frightful
religious wars of the next two centuries, all because of the intro-
duction of some new ideas into men’s minds. Truly the way
men think is the most practical concern in life, for all conduct
flows from it!

“But slowly the truth prevailed, and for four centuries the
sciences of celestial mechanies and of Newtonian dynamies had
greater and greater successes until it hecame impossible for even
the most narrow visioned and unintelligent of men to douht the
fundamental correetness of Copernicus’ ideas even though they
had heen branded at their inception by popes and emperors and
scholars, even as enlightened a one as Luther, as impious and
untrue because they were ‘in direct contradiction to the
Seriptures.’

The second epoch of which I wish to speak is that in which
“we live; for it is quite as extraordinary as that of Copernicus
in the rapidity with which new econceptions are heing introduced,
and in the influence of these conceptions upon human life and
conduet.  Look at what has happoened within my own life time
in the field of physies, for example.  When I started my graduate
work in 1893 80 sure were we of the physical foundations of our
world, with its seventy-odd, unchangeable, indestructable
clements, ity well formulated laws of matter-physics and its
equally firmly established laws of ether-physics, etherial and
material phonomena being sharply and definitely differentiable,
and the principles of the conservation of energy, the conser-
vation of mass, and the congervation of momeontum acting ag
nature’'s policemen to keep the universe running eternally within
the law, that it was then being freqnently said, often by the
ablest of physicists, that it was probable that all tho groat
discoveries in physies had alroady been made and that future
progross was likcly to ariso only hy incrensing the refinermont of
our mousuroments.  Then cume, only two yours therenfter, the
capitul discovery of X-rays, an enlirely new phonomenon,
having no relation whatover to rofinoments of monsuremont.
And two yooars later enme radio-uetivity, whicli has now com-
plotely explodaed the notion of the eternal charactor of the atom
wund revenlod n world in which many, it not all, of the so eulled
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elements are continually under-going change, spontaneously
shooting off projectiles with stupendous speeds, speeds far
beyond those which it had ever been thought possible that matter
in any form could attain. And then three years later came the
beginnings of the quantum theory, which has shown us un-
mistakably (so it appears) that in the domain in which electrons
live even Newton's laws no longer hold. And then a few years
later, through Einstein’s insight or speculations, as you prefer,
mass and energy became interconvertable terms, and now we
are all agreed that our former sharp distinctions between
material, electrical, and etherial phenomena have got to be
abandoned. And, most important of all, from the amazing
progress of physics has come more and more to the fore the idea
that man has himself the ultimate ability to control for his own
ends the changes going on in this changing world. How could
it be otherwise when within a hundred years the very greatest of
modern industries, that represented by the American Institute
of Electrical Engineers, has been created through man’s gaining
year by year a larger and larger control of what used to be the
most mysterious and apparently the most uncontrollable phe-
nomenon of nature, the thunderbolts of Jove.

“And geology, too, is telling us the same kind of a story. Itis
but fifty years since the death of Lyell, a man who more perhaps
than any other, first taught us to read the story of the rocks,
yet now so well have we learned the lesson that to use a single
illustration we count the exact number of years since the last
ice age hy the annual deposits on the shores of the Baltic Sea
in just the same way as we obtain the age of a tree by the counting
of itsrings. And through all this expanding knowledge has come
the definite evidence that man himself has been here perhaps a
hundred thousand years, and yet that his extraordinary develop-
ment, not physiologically, perhaps, but socially, has been
exceedingly recent, much of it within a generation or two, since
the developments in physics have given him control of the
giant forces formerly wielded only by the Titans.

“And the developments in biology taking place under our very
eyes tell the same story. Bacteriology has already hanished
some of man’s most dreaded scourges. In the fields of agriculture,
horticulture and animal husbandry, man now builds plants and
fruits, and even animals almost to suit his taste. If he
hasn’t a drought-resisting wheat, a seedless orange, or a
grape, he goes to work to make one. If he does not find an ox
adapted to resist the Texas winds like the buffalo and to put on
flesh like a Durham, he creates one. As a result, then, of the
modern pursuit of pure science in all its branches—the following
of that inner urge simply to know, to explore, to understand,
two new ideas completely foreign to the ancient world and to
many races of the modern world as well have come into our
western civilization. The one is the idea of the possibility of
progress, of continuous development; and the other the idea of
man'’s ability to control and in the Providence of God (and I say
it in all reverence) to determine to a large extent his own destiny,
the idea of his own responsibility for the kind of an external
world in which he lives. And if you wish to see the practical
result of the changing of ‘the way men think,” look at the dif-
ference hetween our own civilization and the static civilizations
of Asia, where Nirvana is the goal of human life and a large
fraction of the population reaches it quickly through starvation.
Why is it that ‘fifty years of Europe is better than a cycle of
Catbhay?’ It is simply because in certain sections of the world,
primarily those inbhabited by the Nordie race, a certain set of
ideas have got a start in man’s minds, the ideas of progress and
of responsibility.

“And theso ideas have como about, I thinl, because in a fow
goctions of the carth moen have booen led to follow simply the
urge to know.  irst, to know this earth geographically, to oxplore
it clear to tho north pole and to tho south pole even when they
knew there was nop the romotest prospeel of growing whoat or
potntoes there. But now the days of geographical oxploration
uro gone, and yet it is tho same urgo which lends on the de-
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scendants of these voyagers into the unknown—the astronomer
to explore the heavens, however useless that may he, the physieist
and the ehemist to study the properties of matter and radiant
energy whother he sees any immediate use for his results or not,
the biologist to delve as far as he can into the secrets of life and
of organie growth.

On behalf of all those who are working in the field of pure
seience, all thoso pioneers who are pushing out heyond the
present frontiers of human knowledge—where a few years hence
the engineer and the other builders of a future more perfect
civilization than our own will follow them—on behalf of all
those who are struggling on in this field, which does not often
meet with large public appreciation, 1 extend my heartfelt
thanks to the American Institute of Electrical Enginecers for
helping to educate the public up to its values by recognizing it
with an oceasional Edison award.”

A. 1. E. E. Directors Meecting

The regular bi-monthly meeting of the Board of Directors of
the American Institute of Electrical Engineers was held at Tnsti-
tute headquarters, New York, on Friday, October 26, 1923,

There were present: Past-Presidents, William MeClellan and
Frank B. Jewett, New York; Vice-Presidents, W. 1. Slichter,
New York and W. F. James, Philadelphia; Managers, Harold B.
Smith, Worcester, Mass., E. B. Craft, New York, H. M. Hobart,
Schenectady, G. L. Knight, Brooklyn, N. Y., A. G. Pierce,
Pittsburgh, W. K. Vanderpoel, Newark, N. J_; Secretary, F. L.
Hutchinson, New York.

In the absence of the President, senior Vice-President Slichter
presided.

The meeting opened with an expression of grief at the death,
that morning, October 26, of Charles P. Steinmetz, a Past-
President of the Institute; and a memorial resolution was
adopted as printed elsewhere in this issue.

Reports were presented of meetings of the Board of Examiners
held September 17 and October 22, 1923; and upon recommenda-
tion of the Board of Examiners the following action was taken:
258 Students were ordered enrolled; 161 applicants were elected
to the grade of Associate; 5 applicants were elected to the grade
of Member; 8 applicants were transferred to the grade of Mem-
ber; 2 applicants were transferred to the grade of Fellow.

Upon the recommendation of the Meetings and Papers Com-
mittee the following Institute conventions for 1924 were author-
ized: Midwinter Convention, Philadelphia, February 4-8:
Spring Convention, Birmingham, Ala., April 7-10; Annual
Convention, Evanston, Ill., in June; Pacific Coast Convention
Pasadena, Calif., in October.

Mention was made of the remarkably suceessful convention
held at Del Monte, California, October 2-5; and resolutions were
adopted expressing appreciation of the services of the Convention
Committee in making and carrying out the plans for the conven-
tion, and of the courtesies extended to the members and guests
in attendance by the Pacific Gas and Electric Company, the
Great Western Power Company, and the Southern California
Edison Company.

Approval by the Finance Committee of monthly bills amount-
ing to $28,725.71 was ratified; and a budget for the appropria-
tion year commencing October 1, 1923, as recommended by the
Finance Committee, was adopted.

In connection with an item included in the budget of $2000
covering expenses of members of district executive committees
to meetings, the following resolution was adopted:

WHEREAS in the budget for the year beginning October 1, 1923,
adopted today, an item has been included of 32000 for the traveling expenses
of members of executive committees of geographical districts, as recom-
mended by the Section Delegates at the Annual Convention in June 1923.

RESOLVED that this appropriation is made with the understanding
that it will cover partial expenses to one meeting each year of each geo-
graphical district executive committee, on the basis of ten cents (10c) per
mile one way from the home of the member to the meeting place.
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Announcermnont was mado of the award by the Institute of the
Columbia University Scholarship in Electrical Knginooring, to
Mz, Dudley . South, a graduate of Rice Institute, Toxas.

Announcement was made of the appointment of Herbert
Hoover as Honorary President of the International Engincering
Congress, Philadelphia, 1926,

Reference to other matters discussed may be found in this and
future issues of the Journarn under suitable headings.

Eleetric Drive for Ventilating Equipment
NOVEMBER MEETING OF THE NEW YORK SECTION

The New York Section of the A. I. E. K. will hold a meeting
on the ahove subject in New York on November 14, 1923, under
the auspices of the Industrial and Domestie Power Committee.
The program will consist of several papers analyzing the design
features of the fan and motor and discussing the application of
ventilating fans in large public buildings, such as theatres,
office buildings, hotels, ete.

F. R. Still, Vice-President of the American Blower Company
has prepared a paper in which he analyzes the design of fans
showing the relation between the speed of the fan and the other
requirements of service.

C. A. Booth, Mechanical Engineer for the Buffalo Forge
Company will present a paper on various types of fan design and
construetion and pointing out the developments which have
taken place in this branch of engineering. He also brings out
the difficulties experienced in adapting thc a-c. induction motor
when direct-connected to a fan.

Electrical engineers are very much interested in fan develop-
ment, particularly in improvements which permit of higher
speeds heing used. The problem of a direet econnected motor
drive for fans is similar to problems in other fields which have
heen successfully worked out. It is desirable to couple together
two pieces of apparatus which have essentially different speed
characteristics. Success is obtained by variations in the design
of hoth pieces of apparatus.

J. L. McK. Yardley, General Engineer, of the Westinghouse
Electric & Mfg. Company will present a paper discussing the
applieation of various types of motors to fan drive and showing
the limitations in induetion motor design for direct connection
when very low-pressure low-speed fans are employed.

Prominent ventilating engineers will contribute to the dis-
cussion. The importance of this problem will appeal to many
engineers, architects and builders and the New York Section
is looking forward to a very interesting meeting.

Charles Proteus Steinmetz

In his home at Schenectady, New York, on the morning of
October 26, 1923, at eight o’clock, Charles Proteus Steinmetz
died from sudden heart failure. His fatal illness followed almost
immediately after his return from a trip to the Pacific Coast,
during which he attended the Pacific Coast Convention of the
Institute, delivering a paper, in conjunction with J. L. R. Hay-
den, on “High Voltage Insulation.”

Born in Breslau, Germany, on April 9, 1865, Dr. Steinmetz
studied at the Universities of Breslau, Berlin and Zurich, special-
izing in mathematics, electrical engineering and chemistry.
When twenty-four, he came to this country at the suggestion of
an American student friend. While almost, penniless and speak-
ing but little English, he soon obtained a position in the drafting
room of the Eickemeyer Works at Yonkers, N. Y. Hisadvance-
ment was rapid and when the company was absorbed by the
General Electric Company in 1892 he was sent to the Lynn
Works and in 1893 was transferred to Schenectady. He became
Chief Consulting Engineer with the General Electric Company
which position he held at the time of his death. In 1902 he was
also appointed Professor of Electrophysies at Union College.
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His work as an engineer and the bearing of that work on the
Irapid development of the art and science of electrical engineering
'is too well known to require detailed description here. As an
author he produced many valuable treatises on such subjects as
Transient Phenomena and Oscillations, Radiation, Light and
Illumination, Electric Discharges, Waves and Impulses and
numerous others—all the work of a master of research and

analysis.

In addition to his work as a scientist and engineer, Dr. Stein-
metz took an active interest in civie affairs. In 1912 he was
appointed President of the Schenectady Board of Education and
in 1915 was elected to the Common Council on the Socialist
ticket and last year was the candidate for State Engineer and
Surveyor.

To the Institute and its work he gave largely, having presented
papers before many of its meetings from the early days down to
the recent convention at Del Monte. He entered the A. I. E. E.
in 1890 as an Associate and was elected a Fellow in 19 12. He
served on the Board of Directors as a Manager from 1892-1895
and as Vice-President from 1896-1898. In 1901 he was elected
to the Presidency. He also took an active part in committee
work, serving upon the Electrophysics, the Meetings and Papers,
the Protective Devices Committees and the U. S.National Com-
mittee of the I. E. C.

Perhaps the most effective way of deseribing Dr. Steinmetz, his
work and the place that work holds in the scientific world 1s
through the expressions of appreciation by Dr. Frank B. Jewett,
Past-President of the Institute, and by Thomas A. Edison.
Dr. Jewett said:

In the death of Dr. Steinmetz, the electrical industry, not
alone of the Urited States but of the world at large, loses one of
its conspicuous and distinguished members.

Surmounting physical affiictions which would have justified
a quiet life, he hrought to the support of a fertile brain and a
vivid imagination an almost incredible energy. For years he was
a leader in the field of clectrical research, particularly in masvers
pertaining to machine design and the transmission of energy,
and his work in this direction has added much to our knowledge

of the mathematical tools for solving complex electrical prob-
lems.

Thomas A. Edison said:

~The world has lost one of its greatest practical mathema-
ticians and the electrical industry will miss one of its shining
lights.

At the meeting of the Board of Directors of the Institute held
on the afternoon of October 26th, 1923, the following resolutioh
was adopted:

WHERIEAS the Board of Directors of the American Institute of Elec-
trical Knglneers has learned with deep sorrow of the dealth on October
26, 1923, of CHARLES PROTEUS STIKINMETZ.

RIESOLVIEED that as & tribute to his memory this minute bhe inscribed
in the records: In the death this day of CIHARLES PROTKEUS STIEIN-
METY%, President of the American Institute of Klectrical Kngineers in the
year 1901-1902, the clectrical engincering profession has siitered a grievous
lo8s.  His tife was devoted to researeh, largely relating to the mathemadtical
foundations upon which many of the developments in electrical engineering
are based.  1ig wag always a master's contribution, whether in the fleld
of machino design, the development of altornating-current theory and

practisc. or In pure or applicd physics.  He was a scholar, an author, a
teacher

in recognition of his serviees the American 1nstitute of Electrical En-
glncers wishes, thercfore, 1o record its realization of this loss to the In-
stitute, to the profession and to the world, and to express its deep and
heartfelt sympathy to his friends and associates.

Future Section Meetings

Lehigh Valley.— November 16 and 17, 1923, This will be
the seeond measting of tho scason, to bo held at Pottsville, Pa.
Speakers will ho Mr, Wells, Chiof lKngineor for the J. (3. White
Corporation, on the suhjeet of “Pine Grove Power Plant”
and Mr. Lessor of the Madoirn-Tlill Coal Company, on the sub-
jeet of “Mine Hoisting,”  Ou Novembor 17th, there will be
un inspection thip to the Pine Grove plant and to ono or two
coul wminos in tho district.
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Syracuse— November 26, 1923. The meeting will be held at
the Roof Garden of the Onondaga Hotel. Mr. George S.
Anderson will address the Section and the Technology Club of
Syracuse on ‘““The Romance of Niagara.”

December, 17, 1923. The place of meeting will be the same
as that in November. Mr. Paul M. Lincoln, Director of the
School of Electrical Engineering, Ithaca, N. Y., will speak on
“Electrical Development in Retrospect.”

Joseph Henry in the Hall of Fame

To the Membership of the A. I. E. E.

Some time ago Joseph Henry was voted a place in the Hall of
Fame, New York City, and a tablet was erected in his honor.

Recently, the officers of the Hall of Fame invited the American
Institute of Electrical Engineers to act as a sponsor body in
providing a bust of Joseph Henry. The matter was presented
by President Jewett to the Directors at the Swampseott Con-
vention, and it was felt by the Directors that the Institute
should accede to this request and act as a sponsor in raising the
necessary funds.

The resolution of the Board in the matter was as follows:

“Vorep, that the President be authorized to appoint a
committee with power to devise and put into effect, a plan for
obtaining the necessary funds to provide and present a bust
of Joseph Henry to the Hall of Fame.”

The undersigned were appointed as this committee by President
Jewett.

The Hall of Fame is a gift to the American people, and is
located on University Heights, New York City, overlooking the
palisades and the Hudson and Harlem river valleys. The Hall
now contains sixty-three tablets, dedicated to the most famous
American statesmen, scientists, authors, artists, and professional
men. No person becomes elegible to election in the Hall of
Fame until twenty-five years after his death. The names are
selected by a group of men representing practically every state
in the Union.

There will be no doubt in the minds of any one of the mem-
bership of the American Institute of Electrical Engineers that
Joseph Henry who, by his researches and investigations, con-
tributed so muech to the fundamental knowledge which underlies
all our modern electrical practise, is entitled to a position in the
Hall of Fame, and that the provision of a suitable bust should
he sponsored by the Institute.

It is tho feeling of the Committee that each member of the
the Institute would weleome an opportunity to honor his memoty
by a contribution toward the expenses of this bust.

The bust will be of bronze and a model has been made by
Mr. John Flanagan, the famous seulptor, which meets the
requirements of the Directors of the lhall of Fame. This bust
is made from a statue by Mr. Flanagan showing Joseph Ilenry as
a young man, in the attire of his time, as o teacher in the Albany
Academy when he was engaged in earrying on his fundamental
rosearches and experiments in olectromagnetic induction.

The amount roquired for this bust is $1,600.
from $1 up will be welcome.

Subseriptions

It is hoped that the response Lo this appoal will be generouns
from all branches af the meraborship of the Institute.

Subseriptions should bo made payable to and sont to Mr.
G. A. Iumilton, Treasurer of the American Instituto of Hlec-
trical Tnginoers, al 33 West 39th St., New York City, and
marked “Subseriptions for Joseph Henry Bust.”

JOHNN J. CAR'TY,

JOIIN W. LLEB,

. W. RICE, JIR.,

. E. SKINNER,

LYMAN . MOREITOUSE
Chairman, Josoph Honry Bust Committee.



1226

Tho following word in regard to Joseph Ilenry will be of
interest in this connoction.

Joseph Henry was born in 1799. He began his scientific
career while teaching in the Albany Academy, where he had only
the apparatus whieh he construeted with his own hands. In-
dependently of others he diseovered the law of current induetion
and undertook the study of the electromagnet, which work
prepared the way for all types of dynamo electric machinery, as
well as for the telephone and the telegraph. He was the first to
insulate the condueting wire itself, the first to adopt a spool for
the winding of magnets, and the first to appreciate that the
offect of the resistance of long lengths of wire and the passage
of electrie current could he minimized by properly proportioning
the battery and his magnet windings to the length and resistance
of the wires.

Later, as Professor of Physies at Princeton University, IHenry
studied further the subject of induced currents and disecovered the
oscillatory nature of the discharge of the condenser, which is of
such great fundamental Importance to-day.

Later he became Secretary of the Smithsonian Institute and,
during the Civil War, rendered valuable services to this country
in that eapacity.

Joseph Henry was a many-sided man and, while his dis-
tinguished work touched upoun a multitude of fields, it is what
he did in connection with electromagnetism that is of greatest
Importance to the electrical engineering profession.

Do you Know this Man?
AMNESIA PATIENT REMEMBERS MAKING INVENTORIES OF
HYDROELECTRIC PLANT EQUIPMENT
The Social Service Department of Charity Hospital at New
Orleans, La., has asked the aid of engineering societies in trying
to locate the family and friends of an amensia patient admitted
to that institution April 2, 1923. The patient is known as
Howard Grimes, as he carried a card bearing that name. He

Howairp GrRIMES

cannot recall family or friends but remembers having travelled
extensively in the United States and Latin-America and believes
that it was in connection with inventories of hydroelectrie-plant
equipment. In conversation with an engineer recently he re-
vealed a broad knowledge of power house equipment.

“Mr. Grimes” is about five feet eight inches tall, weighs 140
pounds, has a florid complexion, reddish brown hair, blue eyes,
perfect teeth, and is freckled on face and arms. He is probably
about thirty years old, is well educated, and speaks Spanish.
He is thoroughly familiar with New York and vieinity. He
recalls having been in Vera Cruz, Tampico, Mexico City, Ha-
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vana; Buffalo, Rochester, Chicago, Denver; Boston, Hartford,
Bridgeport; Richmond, Newport News, Charlotte, Atlanta,
Savannah and Jacksonville.

The card found on him was inseribed IToward Grimes, Juok-
sonville, Fla., state distributor for the Alleo Rim Tool Company.
Ile was employed by this company before going 10 New Orleans,
where he collapsed at the Planter’s Hotel, hut they were unable
to furnish any further information concerning him.

The Charity Hospital, which is making every possible ondeavor
to identify the man, thinks it possible that some information may
he obtained from engincers with whom he may have come in
contact.

The American Peace Award
ACTIVE COOPERATION OF ENTIRE A. I. E. E. MEMBER.
SHIP IS SOUGHT

The American Peace Award, created by Edward W. Bok,
offers One Hundred Thousand Dollars ($100,000) to the author
of the best practicable plan by which the United States may
cooperate with other nations to achieve and preserve the peace
of the world.

The question of cooperation by the Institute in this work was
submitted to the Board of Directors at their meeting of August
2nd. As the plans of the Policy Committee of the Award
explicitly provide that cooperation does not in any way commit
an organization to any particular program or method of inter-

,hational cooperation, the Directors voted that a representative

of the Institute on the Cooperating Couneil of the American
Peace Award be appointed. Past-President Harold W. Buek,
Chairman of the Institute’s Public Policy Committee, was
selected by President Ryan, Meetings of the Cooperating
Couneil have been held and plans evolved for obtaining nation-
wide publicity and cooperation, including the submission to the
citizens of the United States of a referendum vote on the approval
of the plan eventually to be selected by the jury of award. Ar-
rangements will be made to talke the referendum in January and
every A. I. E. E. member is most earnestly requested on receipt
of the approved plan and ballot to record his vote at that time
without delay. Over seventy-five organizations are now co-
operating in this work and the number is increasing daily.

Complete information relative to the Award follows:

The award is offered in the conviction that the peace of the world is the
problem of the people of the United States, and that a way can be found
by which America's voice can bhe made to count among the nations for
pbeace and for the future welfare and integrity of the United States.

The purpose of the award is to give the American people from coast to
Coast a direct opportunity to evolve a plan that will be acceptable to many
groups of our citizens, who, while now perhaps disagreeing as to the best
method of international association, strongly desire to see the United States
do its share in preventing war and in establishing a workable hasis of
cooperation among the nations of the earth.

FOUR SUBSIDIARY AWARDS

Since the plan finally selected by the Jury may be a composite of more
than one plan, there are also offered, in addition to the main award of one
hundred thousand dollars (8100.000), second, third, fourth and fifth awards
of five thousand dollars (85,000) each for any plans or portion of plans used
by the Jury of Award in a composite plan.

If the Jury accepts one plan in full, making no additions to it from other
plans, no subsidiary awards will be made.

CONDITIONS OF AWARD

Qualifications of Contestants
The contest is open to every citizen of the United States, by birth or
naturalization.
Plans may be submitted either by individuals or by organizations of
every kind. national, state or local.

Scope of the Plan

The winning plan must provide a practicable means whereby the United
States can take its place and do its share toward preserving world peace,
while not making compulsory the participation of the United States in
European wars, if any such are, in the future, found unpreventable.

The plan may be based upon the present covenant of the League of
Nations or may be entirely apart from that instrument.

—
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Time and Manner of Payment of Award

The purpose of the Award is twofold: first, to produce a plan: and sec-
ondly, to insure, so far as may be, that it will be put into operation.

The Award is, therefore, to be made in two payments: fifty thousand
dollars ($50,000) will be paid to the author of the winning plan as soon as
the Jury of Award has selected it. The second fifty thousand dollars
($50,000) will be paid to the author if and when the plan, in substance and
intent, is approved by the United States Senate; or if and when the Jury
of Award decides that an adequate degree of popular support has been
demonstrated for the winning plan.

The question of whether amendments which may be made in the Senate
materially affect the intent of the plan submitted, and the acceptance or
rejection of these amendments are left entirely to the judgment of the
Jury of Award.

The second half of the award or fifty thousand dollars (850,000) shall not
be deemed to have been won unless the conditions above mentioned as to
the approval of the plan shall be fulfilled on or hefore March 4, 1925,

The subsidiary awards are to be paid upon the same basis as the principal
award; that is, twenty five hundred dollars ($2,500) will bhe paid to the
author at the time the first fifty thousand dollars ($50,000) is paid, and the
remaining twenty-five hundred dollars ($2,500) if and when the composite
plan, in substance and intent, shall have heen accepted hy the Senate of
the United States: or if and when the Jury of Award decides that an ade-
quate degrec of popular support has been demonstrated for the winning
plan.

Form for Plan

Plans submitted should not be in the form of bills, resolutions, or treaties
suitable for presentation to the Senate.

The paper submitted may include not only the exposition of the plan,
but also argument for it.

A summary of not exceeding five hundred words must accompany every
plan,

Length

The total number of words submitted, exclusive of the summary, must

not excced five thousand ($5.000).

Rules for Contestants

Only one plan may be submitted hy any one contestant.

Manuscripts must be typewritten, and on only one side of the page.

Manuscripts must not be rolled.

They must not he accompanied by letters.

They must nol bear the name of the author or conlain anylhing by which
the author might he ideniified. TEach manuscript must have attached to it
a plain sealed envelope containing the author’s name and address. As they
are received, the manuscript and envelope will be markcd. for identification,
with the same number. The envelopes will not be opened until the Jury
of Award has made its selections. Hence the receipts of manuseripts
cannot he acknowledged.

No manuscripts will be returned. No postage for the return of manu-
scripts should therefore be included by the sender.

Time Limitation

ANl manuscripts must be received at the office of the American Peace
Award by twelve o'clock midnight on November 15, 1923. Manuscripts
received after that time cannot bhe considered.

It is expected that the Jury will be able to announce the selection of a
plan for the first part of the Award in time for the plan to be presented to
the Senate carly in 1924.

Right of Publication
[’ The submisston of any manuscript, whether or not. it receives an Award,
shall give to the Committee full rights to publish the same in such manner
and at such time as it may chooso.

COOPERATING COUNCIL

Warking In dircet cooperation with the Policy Committee ot the American
Peace Award aro the most prominent and offective organizations, civic,
religlous and economic, throughout tho United States.

A cooperating council has heen formed for the American Peace Award,
conslsting of one dolegate from ocach of theso organlzations.,

JURY OF AWARD

The personnol of the Jury of Award 18 as follows: Colonel Bdward W
House, representative of 1x-President Wllson to the Kuropean Govern-
ments; Goneral Jamos G. Harbord, Presldeont of the Radio Corporation of
America and Chiof of Staflf of tho A, K. F. during 101 7-18; Ellon I, Pendle
ton. President, of Wellesley College; Roscoe Pound, Dean of Harvard Law
Hchool;'lﬁllhu Root, former Hocrotary of War and Scerctary of State,
Willllarn Allen White of Xansas, editor; Brand Whitlock, formor Ambassi-
dor to Belglum,

THE REFERENDUM

When tho plan s finally selocted by the Jury of Award and the vote of
each citizen I8 sought 1t 18 sincoroly hopod that overy A. 1. 10, 1. momber will
give the plan tho enroful attontion 1t doserves, cast his vote, and (1o o with-
out delay as ballots must be In beforo the end of January 1924 to insure
presentation of the result to the Henate in February. ’
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Superpower Conference

SECRETARY HOOVER’S PROGRAM INDORSED BY PUBLIC
SERVICE COMMISSIONERS OF TEN STATES

At a conference called by Secretary Hoover with the approval
of the President the preliminary discussion was had of coopera-
tive steps by Federal and State authorities toward the approval
of superpower development in the Middle Atlantic and New
England States. At the meeting which was held in the Board
Room of the A. I. E. E. on Saturday afternoon October 13, the
representatives of Public Service Commissions in ten north-
eastern states were present. Mr. Hoover emphasized the fact
that this conference was not to be conceived as more government
in business but as a step to obtain coordination between public
authorities and industries to secure consummation of a great
advance in the development of service to the publie.

In his statement Mr. Hoover spoke in part as follows-

“The reason and need for this discussion is simply that engineering
science has hrought us to the threshold of a new era in the development,
of electric power. This era promises great reductions in power cost and
wide expansion of its use. TFundamentally, this new stage in progress is
due to the perfection of high-voltage longer transmission and more perfect
mechanical development in generation of power. We can now undertake
the cheaper sources of power from water sources further afleld, such as the
9t. Lawrence and cheaper generation from coal through larger and more
favorably placed generation plants. We can secure great economies in
distribution through the interconnection of load hetween systems for
thus we secure a reduction of the amount of reserve equipment, a
better average load factor throuzh pooling the effect of day and seasonal
variations together with wider diversification of use by increased industrial
consumption. We can assure more security in the power supply from the
effect of coal strikes and from transportation interruptions.

“All this means the liquidity of power over whole groups of States. At
once power distribution spreads across state lines and into diverse legal
jurisdictions. We are, thercfore, confronted not only with problems of
the coordination in the industries of their engineering, financial and owner-
ship problems, but also with new legal problems in State rights and Federal
relations to power distribution.

“This super development of great areas of cheaper power has been
dramatized by those less familiar with the problem, as the construction
of great power highways traversing several states into which we should
pour great streams at high voltages from great giant water power or central
steam stations to be distributed to the public utilities and other large
users along the lines of these great power streams. This, indeed, serves
perhaps to picture what is meant by super power development. As a
matter of practical fact, however, the natural development of this situa-
tion lies first in the inter-connection of power supplies between the existing
great utility systems, and second, in common action for the erection of
large units of production at advantageous points for the mutual supply
of two or more of the present systems and in the development of such great
water powers as the St. Lawrence.

Mr. Hoover then outlined the results of the Superpower Survey made
at the instigation of our engineering societies by the Federal Government
into the possibilities of more comprchensive and coordinated development
in the Northeastern statos.

““This new era of advanced projects is no theorists’ or promoters’ dream.
It is a basic fact unanimously supported by our enginecrs; agreed to by
the responsible men in the industry. . . . The electrical companies, under
the regulation of tho Public Servicc Commissions, have already made
excellent, progress in the application of superpower principles in many
localitics. . . . This being tho case—one purposo of this conforence is
to consider—why does this development in this, the greatest powor zone
of our country, where the greatest saving can be made, not make progress?

“Whatever the fault may he it i the purpose of this confercnce to xive
preliminary consideration to tho problems and prineciples that might be
adopted in Interstate relations; to discuss what measures can be devisoed
to assure this needed devolopmont and what obstacles in its roalization
can horemovod.

“One of the Nrst principles we must realizo is that the wholo of this
developmont implies tho froe How of power.  Wo have thus at once created
at loast a physical and oconomic Intorstato question. 'This groat develop-
ment of 50 much public intorost cannot come about untoess thovo is a com-
plete lHguldity in movement of power bacle and forth across the houndarioes
throughout tho wlhole of the Unlted States.  Without this wo shall have
permanently o largor cost of powor and loss expansion in its service.

“I am not here to advocato Foderal supor regulation of Interstate movo-
mont of power. I bellove that powor developmont and distribution would
find 1ta greatost solutlon In coordinatod State regulation, perhapa with
asslutancoe and cooporation of tho Ifederal Government. . . . "'

Mr. Hoover then ealled on W. 8. Murray to outline the physioal
probloms and gains in the contemplated Superpower Zone.
T'be logal phases of the probloam wove discussod by 15, G. Buek-
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land, Viee-Pros. of the N. Y. N H. & T. R 1B Tho chuirman
of the New York Public Service Commission, W. A. Prendoergast,
plodgod Lthe eooperation of that body.

The lollowing Commissioners ulso pledged support: W. 1.
Gunnjson, New Hampshire; R. 7T. Iligging, Connecticut;
W. € Bliss, Rhode 1slund; 1. 1. Stone, Massachusotts; W. D
Ainey, Pennsylvania; W. A. Dutton, Vermont; 1. V. Osborne
New Jersey; (. K. Gurney, Maine; . B. Whitman, Maryland.
The executive manager of the N. E. L. A, M. H. Aylesworth
and O. C. Merrill expeutive seoretury of the Foderal Power
Commission also spoke in indorsement of the project.

The program for a larger conference to be hLeld in the near
future is being arranged by Secretary Houver.

New Moore School of Electrical Engincering
at University of Pennsylvania

Prior to the fall of 1914, the courses in electrical and ne-
chanical engineering at the University of Pennsylvania were given
in a single department of the Towne Seientifie School, known as
thie Department of Mechanical and Electrical Engineering. The
growth in the number of students taking electrical engineering,
together with the steadily increasing nportance of this hranch
of the engineering field, led the Trustces of the University in the
fall of 1914 to establish an independent department of Electric:l
Engineering.

Important as were the changes effected in 1914, of much more
far reaching significance has been the recent change in the courses
at the University whereby in the future these ecourses in Eleetrical
Engineering will be given in an independent school, under the
management of the University. This new school, which malkes
the thirteenth in the University, has been established under
the provisions of the will of the late Alfred Fitler Moore of
Philadelphia.

By the terms of Mr. Moore’s will, his estate was 1o be used for
the purpose of founding a schoo! of electrical engineering as a
memorial to his parents.

By the terms of the agreement hetween the Trustees under the
will of Mr. Moore and the Trustees of the University, the entire
estate left by Mr. Moore, amounting to upwards of $1,500,000
becomes, in effect, an endowment for this new sehool. For the
present needs of the new school no new building will be neces-
sary, since the laboratories in the Engineering Building formerly
occupied by the Electrical Engineering Department, together
with certain additional space in this building will be used by the
new school.

The income from this endowment will be used primarily to
develop undergraduate instruction in Electrieal Engineering
and for graduate instruction and to encourage research work on
the part of both faculty and students.

The Provost and the Board of Trustees, in recognition of his
energetic services as Director of the Department of Llectrical
Engineering for the past nine years, have appointed Dr. Harold
Pender as the first Dean of the new School. Dr. Pender possesses
to an unusual degree the qualifications for this new and impor-
tant post. He has not only had a wide practical experience in
the engineering field in connection with varied engineering
developments and investigations, but he has also had an extended
and successful teaching experience.

Dean Pender was graduated from Johns Hopkins University
in 1898. The next three years, he spent in graduate work at
that institution under Professor Henry A. Rowland, and ob-
tained the degree of Doctor of Philosophy in 1901. This was
followed by several months of important research work in France.
Upon his return to this country, he took up praectical work in
engineering, and was connected in turn with the Westinghouse
Electric and Manufacturing Company at East Pittsburgh, the
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Now York Central Ruilrond awd with Meo Cary 1 [otshinson
of Now York City, with whom ho was ussocintod for five yours,
aftor ¥hich poriod he was appointed professor of elestrical et
neering at the Mussashusotts Institute of Technology, becoming
dirvstor of olectrical engineering reseurelr ut that institution in
1913, [n 1914 he was called to the Univoersity of Pennsylvania
as direstor of tho newly created Dopurtinont of Klootrical Ingi
neoring.  Dean Pendeor is a fellow of the American Tnstitute of
Klectrical Kngineors, and has served on o number of its con-
nittees, notably as Chuairman of the Standards Conunittee.
He hLas contributed articles on sciontitic and engincering subjects,
is the author of several well known text hooks and is the editor-
in-chief of Pender's Handhook for Islectrical Evngineers.

For tho presont year, two additional inemibors have beon added
to the regular teaching staff namely Mr. Nicholas Minorsky
and Mr. John B. Clothier, Jr. Mr. Minorsky comes to the
University us Assistant Professor of Klectrical Wngincering.  Mr,
Minorsky obtained the degree of 1. ¥. from the lmperial Poly-
technie Institute, Potrograd, Russia in 1914 having previously
studied at the Naval Collego at Potrograd and at the University
of Naney France. On the outhreak of the World’s War he
entered the Russian Navy. 1In 1917 he was the representative
of the Russian Navy on the Inter-allied Committee for Inven-
tions in Paris, Irance. Following the Russian Rovolution he
came to this eountry, and was first employed by the Sperry
Gyrosecope Company as a consulting engineer and later was
employed by the General Electric Company as research engineer
in the Research Laboratory at Schenectady. Since December,
1921 he has been engaged in development work for the Bureau
of Construetion and Repair, U. 8. Navy Department. e comes
to the University directly from the completion of a suecccssful
test of an automatic stearing gear which he has invented, and
which is now installed on the U. S. S. New Mexico.

Mr. John B. Clothier, Jr.,, who was a half-time instructor in
the Electrical Enginecring Department last year, has this year
been appointed full-time instruetor. The present staff of the
Denartment now numbers a total of ten, namelv, two full-
professors, three assistant-prolessors and five instruetors.

In addition to the regular staff of instructors, the Moore
School plans to have experts, regularly employed in the industry,
give special courses of lectures during each term of the school
vear. For the first term of this vear, Mr. Williama Arthur Del
Mar, chief engineer of the Habirshaw Electric Cable Company
of New York, has heen appointed special leecturer on Wires and
Cables, and Dr. Albert V. Hull, Research Physicist of the
General Llectrie Company at Schenectady, N. Y., has been
appointed speeial lecturer on Vaeuum Tubes and their
Applications.

As an ineentive to research work on the part of the members of
the staff, a number of “staff fellowships” have been created.
These fellowships, each of which carries a substantial stipend,
are open to any member of the staff who is carrying on creative
work along lines approved by the Dean.

Opportunities for graduate work, for those students who may
desire to pursue their studies beyond the regular under-graduate
course, will also be provided. In addition to the graduate
courses to be given in electrical engineering, advanced courses
of study and laboratory facilities are also available in physics,
chemistry, mechanical engineering and eivil engineering, and
also advanced courses in mathematics, and other sciences.

The registration in the Moore School of Electrical Engineering
as of October 19th, 1923, was as follows:

Freshmen. ... . 50
Sophomores. . .. . . . . 36
Juniors. ... . 20
Seniors... . .. .. ... 20

Total. .. . 140
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Aldred Lectures at M. 1. T.

The first of the Aldred Lectures at the Massachusetts Institute
of Technology, established by Mr. J. E. Aldred, who carried to a
successful conclusion the immense hydroelectric development at
Shawinigan Falls on the St. Maurice River in Canada, is an-
nounced for the afternoon of November 9th. Mr. Gerard
Swope, a Technology graduate, of the class of 1895, president
of the General Electric Company, will deliver the first of the
lectures. Other eminent industrialists and engineers are to
complete the program for the first year which will consist of
twelve lectures. President Stratton has appointed Professor
D. C. Jackson, Head of the Department of Electrical Engineering
and Professor Vannevar Bush, in charge of graduate work in
Electrical Engineering, to cooperate with Mr. Aldred in es-
tablishing the lectures. A number of prominent men have been
invited to give papers in a schedule that is being arranged to
cover the next five years.

Power Survey for Pennsylvania

The Pennsylvania legislature at a recent session made an
appropriation for an “outline survey” of the energy resources
of the state and methods for their utilization. The Giant Power
Survey Board created is requested to report at the January 1925
session of the Legislature. Morris L. Cooke, consulting engi-
neer of Philadelphia has been appointed director of the survey.

As an indieation of the deep interest in this power study felt
both by Governor Pinchot, who aets as chairman of the Board
and by the Legislature, the appropriation to carry on the work
has been obtained in spite of the urgent necessity for retrench-
ment. It is felt that the measure of success obtained will be
largely conditional upon the interest taken in the work by the
engineering profession. The Board will greatly appreciate sug-
gestions and help from Institute members. The main office of
the Survey will be in the Capitol at Harrisburg. A distriet
office has heen opened in the Fuller Bldg., 10 S. 18th St.,
Philadelphia.

INSTITUTE AND RELATED ACTIVITIES

1229

Second Exposition of Power and Mechanical
Engineering

The number, diversity and interest of the exhibits of the
Second Exposition of Power and Mechanical Engineering promise
to far excell those of the first exposition held in December 1922.
The 1923 Exposition is to be held in the Grand Central Palace,
New York City, from Monday, December 3, through Saturday,
December 8th. The week of the Exposition will be an active
period for engineers, for during that time meetings of the Ameri-
can Society of Mechanical Engineers and the American Society
of Refrigerating Engineers will be held. These meetings insure
an attendance of influential engineers and executives. In
addition, the National Association of Stationary Engineers, and
its affiliated bodies, is organizing the interest of their membership,
for last year these men, who are so vitally concerned with the
operating problems, found the exposition to be of great educa-
tional value.

The exhibits will be supplemented by an extensive program
of moving picture films to be presented in cooperation with manu-
facturers. About two hundred exhibitors have signed contracts
for space at the Exposition. The devices and apparatus to be
exhibited cover the field of power and mechanical engineering
from the handling of the coal at the power plant until power is
turned into work.

Exposition of Decorative and Industrial
Arts

An international exposition of Decorative and Industrial
Arts will be held in Paris in the Spring of 1925 under the auspices
of the Ministry of Foreign Affairs and the Ministry of Commerce
and Industry. The United States has been officially invited to
take part in the exposition which it is believed will afford an
excellent opportunity for showing American progress in decora-
tive and industrial art.

.......... HUITH T
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MORTIMER E. COOLEY RESIGNS AS PRESIDENT OF
AMERICAN ENGINEERING COUNCIL

Resignation of Mortimer E. Cooley, Dean of the College of
Engineering and Architecture of the University of Michigan, as
president of the American Engineering Council of the Federated
American Engineering Societies was announced at the opening

session of a two-day meeting of the Executive Board of the

Council held in Rochester, N. Y., October 12.

Dean Cooley, in presenting his resignation to the Board, said
that he retires on account of ill health. Ile also made it known
that he has been granted leave of absence by the University
of Michigan for the second half of the academic year of
1023-1924.

Succeeding Herbert Hoover as president of the Federated
American Engineering Societies, two years ago, Dean Cooley,
now in his sixty-ninth year, has been identified with numerous
national undertakings in the public service, notably the inves-
tigation into the two-shift system in continuous industry, and
the study of coal storage now in progress throughout the country.
During his term the Federation has hecome tho spokesman of
the engineering profession of Amecrica in public affairs and
foreign relations, in both of which fields extensive activity is
being carried on.

' With .lns retirement as principal executive of the Engincering
Federation, Dean Cooley rounds out a career of almost half a

i O O

century in the service of the state, of education and of his
profession.

~ The resolution, the adoption of which followed the expression
of glowing personal tributes by leading members of the Ex-
ecutive Board, and which was in the nature of an address to
Dean Cooley, follows:

Every member of the Executive Board of the American Engineering
Council whose deliberations you have led and guided for the past two
years listencd with the deepest regret to your announcement of the nocessity
of laying down the duties of the office of President of the Federated Ameri-
can Engineering Socicties at the close of this year. Could any reas-
surance of our support of you and your policies have changed that decision,
such assurance would have been at once unanimously tendeved.

You took the responsibilities and burdens of our leadership at a most
trying hour and in our behalf you have sacrificed both time and health.

With a lifetime already devoted to the unification and upbuilding
of our profession, you were our outstanding choice to assume the re-
sponsibilities of the guidance of our policies. Our faith in you has bcen
more than justifled. Coming to us at a time when our organization was
almost unknown and of little influence, through your personal prestige and
because of your cloar vision of the possihilities of service and achievoment
by a united profession, the Federated Societies have now reached an
unassailable position of dignity, respect and public confldonce.

For all this and for the stoadfastness with which you have revealed
your vision to us and to our profession, wo thank you.

Though consoled by your promise to still be with the work of the
Tederated Societies, we shall miss your leadorship and something more.
Your geniality has been infeetious, your sense of humor has volleved many a
potlentially critical situation, your optimism has brushod aside many
difficulties, but above all your personality has drawn us to you and inspirod
affection. And we shall always he eager for your advice and counsel.””
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PROGRESS OF WORK OF COMMITTEES ON COAL
STORAGE

Resultsof far-reashing oeconomie and social importanceare likely
to be attained by the nationwide study ol the storage of coul now
in progress by nearly 100 committees of the Federated American
Engineering Societies, it is disclosed in a progross report to the
Iixeoutive Board of the Federation by Dean Perley I, Walker
of the University of Kansas.

Dean Walker, who is diresting the field work of the inve stiga-
tion, said that the final report would be ready about January 1,
1924, and would place at the disposal of the nation the most
authoritative information obtainable as to the engineering,
chemical and economiec factors involved in the storage of coal.

More than 500 engineers are actit ely engaged in making the
study under the direction of a main committeo headed by W. L.
Abbott of Chicago. These engineers have found, it was reported
to the Kxecutive Board, that it is necessary to conduct separate
investigations to meet peculiar local conditions in various cities
and districts. In the Duluth, Minn., distriet the situation is
such as to call for a speeial report, whieh is being prepared by
W. H. Hoyt and a subecommittee of Minnesota engineers. Simi-
lar regional investigations will he begun in the New Lngland
states, it was announced, and this method will probably b
applied to other areas.

Chicago, I, and Worcester, Mass., were cited as examples of
a still further localized study to be made in a dozen or more
American cities in which community conditions are such as to
call for isolated treatment, the findings in each city to be em-
bodied in a speecial report. The question of central storage sys-
tems is being considered for some states, notably Ohio.

An essential reason for the storage of coal study, t was
explained, was that mining operations are very Intermittent,
causing heavy finaneial risk and a eontinuous aggravated labor
problem to the operators, uncertain annual income and dissatis-
faction to labor, high prices to the public, and inordinate seasonal
burdens upon the railroads.

F. A. E. S. TO URGE REORGANIZATION OF
DEPARTMENT OF INTERIOR

Under the leadership of the Federated American Engineering
Societies, the engineering profession will launch a nationwide
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movement to bring about the adoption by Congross of that
portion of the late President Varding’s government FOOrgRIZiL-
tion progrant which calls for making over the Depurtmont of the
Interior.

The lixecutive Board of the Wederation sanctionoed this under-
standing in adopting at its moosting in Itochaster, N. Y., Oc¢tober
13, a resolution offered by Phitip N. Moore of St. Laouis, former
chairman of the War Reliet Mincrals Connnission, Fearing
that the whole plan of the Government Reorganization Com-
nittee will rail of enactmont into legistation, the engineers have
determined to bend all their efforts toward consolidating the
funetions of the Interior Department in a division of public
works and a division of the publie domain.

In the division of public works the engincering functions of
the FFederal Government, now seattered through many depart-
ments and bureaus, would be grouped. Several years ago tho
engineers of the country organized the National Public Works
Departinent Association, with commiittees all o /er the country,
for the purpose of abolishing the Interior Department and
erecting in its stead a Department of Public Works.

Under the Government Reorganization Conunittee's seheme,
however, the name of the Interior Department would he retained,
the engineering activities heing coordinated in a separate division.
This coordination, the engineers explained, being essentially the
result they sought, has heen aceepted by them, and will be
embodied in a bill to be introduced in Congress.

ARTHUR P. DAVIS RETAINED BY THE DEPARTMENT
OF STATE

Arthur P. Davis, against whose recent dismissal as Director of
the U. 8. Reclamation Serviee the Federated American Engineer-
ing Societies made formal protest, has heen retained by the State
Department as technical adviser in counection with certain
claims against the United States by British eitizens which are
to he tried before the Pecuniary Claims Arbitration ( ‘ommission
in London beginning November 6.

The arbitration of these claims was provided tor by a special
law of Congress to clear the docket of old pending claims which
have not been settled.

Mr. Davis sailed for England October 23 on the Aquitania to
assist in the preparation of these cases prior to their consideration.
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ule of Electrical Engineers, the American” Society of

Civil Engineers, the American Institute of Mining and Metallurgical Engincers and the American Society of Mechani-

cal Engineers.
Library of engineering and the allied sciences.
most of the important periodicals in ils Jield.
ninth St., New York.

In order to place the resources o

f the Library at the

prepared to furnish lists of references to engineering subje

Charges sufficient to cover the cost of this work are made.

1t 1s administered for these Founder Societies by the United Engineering Society, as a public reference
It contains 150,000 volumes and pamphlets and receives currently
It is housed in the Engineering Societies Building, 29 West Thirty-

disposa} of those unable to visit il in person, the Library is
cls, copies or translations of articles, and stmilar assistance.

The Director of the Library will gladly give tnformation concerning charges for the various kinds of service to

those interested.
understand clearly what is desired.

In asking for information, letters shoul

be made as definite as possible, so that the investigator may

The library ts open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during

July and August when the hours are 9 a. m. lo 6 p. m.

BOOK NOTICES (SEPT. 1-30, 1923)

Unless otherwise specified, books in this list have been
presented by the publishers. The Tnstitute does not assume
responsibility for any statements made; these are talken {rom the
preface or the text of the boolk.

- All the boeks listed may be consulted in the Engineering
Societies Library.
AToOMIC STRUCTURE AND SPECTRAL LINES.

By Henry L. Brose. N. Y., E. P. Dutton & Co., 1923. 626

pp., diagrs.,09 x 6 in., cloth. $12.00.

The object of this book is to give a comprehensive account of
the new physics of the atom and the meaning of spectral lines,

without presenting too great difficulties for the non-academic
reqder.\ The present translation is from the thoroughly revised
third German edition and embodies the most important recent
developments in spectroscopy and atomie physies. An en-
glea\'ql'.llas been made to render the aceount vivid and easily
intelligible.
Davison’s TeExTILE “BLUE Boox™, 1923-21.
N. Y., Davison’s Publishing Co., 1923.
9 x 7in., cloth. $7.50.

The “Blue Book” is a comprehensive directory of American
firms engaged in the textile industries, as manufacturers, dyers,
bleachers, brokers, commission merchants or dealers in raw
or waste materials. The information on mills includes the
loeation, capacity, number of employes, officials, capitalization,

1729 pp., maps,
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ete. The directory is classified by products and by location,
and a name index is provided. A directory of supply dealers
is included.

DicTioNary oOF APPLIED PHYsICS,
Metallurgy; General Index.
By Sir Richard Glazebrook. Lond., Macmillan & Co., 1923.
592 pp., illus., diagrs., tables, 9 x 6 in., cloth. 63s. (Gift of
Maemillan & Co., N. Y.

The concluding volume of this valuable work of reference is
divided in two parts, treating of aeronautics and metallurgy
respectively. Part one contains long articles on Full Scale
Aerodynamical Research, by R. M’K. Wood; Experimental
Tests of Strength of Aeroplane Structures, by W. D. Douglas;
Theory of Aeroplane Structures, by W. L. Cowley; Doping and
Fabrics, by Guy Barr; Performance and Stability of Aireraft,
by Leonard Barstow; Airscrews and Helicopters. by Arthur
Fage; Experiments on Airships, by J. R. Pannell and R. Jones;
Diffusion through Membranes, by Guy Barr; Engines, by G. H.
Norman: Model Experiments, by E. F. Relf and H. B. Irving;
and Hydrodynamical Theory, by Hermann Glauert.

Among the longer articles in part two are: Typical Alloy
Systems, the Equilibrium Diagram and the Relationship of
Structure and Physical Constants, by J. L. Haughton; Special
Alloys and Aluminum Alloys, by Walter Rosenhain; Aluminum,
by Donald Finlayson; Electric Furnaces, by F. A. J. Fitz-
Gerald; Laboratory Furnaces, and Refractories, by E. A.
Coad-Pryor; Invar and Elinvar, by C. E. Guillaume; Iron-
Carbon Alloys, and Defects and Failures of Metals, by D.
Hanson; Relations of Strain and Structure, Thermal Study and
Thermal and Mechanical Treatment, by Walter Rosenhain;
Aggregation and Flow of Solids, by W. D. Haigh; and Special
Steels, by W. H. Hatfield. An index to the volume and a general
index to the whole work are included.

vol. 5: Aeronautics;

ELEcTRICAL VIBRATION INSTRUMENTS.

By A. E. Kennelly. N. Y., Macmillan Co., 1923.
gineering Science Series).
in., cloth. £6.50.

Dr. Kennelly’s book presents, from an electrical engineering
viewpoint, the characteristics of telephone receivers (and of
other vibrational instruments) as reciprocating electric motors.
It is based on researches carried on at the Massachusetts In-
stitute of Technology and at Harvard University during the
past fourteen years. The book is intended as a textbook for
students of telephone engineering, and also as a reference book
on the receiver for telephone engineers.

ELEMENTS oF Rap1o COMMUNICATION.
By Ellery W. Stone. Second edition. N. Y., D. Van

Nostrand Co., 1923. 318 pp., illus., diagrs., 8 x 5 in., cloth.
$2.50.

Prepared originally for radio students in the Communication
Service of the Navy, this book has proved suitable for use in
other schools and for self instruction. The subject is presented
physically rather than mathematically, in a manner requiring
but little previous knowledge on the part of the reader. This

edition has been thoroughly revised and enlarged by the addition
of recent developments.

(En-
450 pp., illus., diagrs., tables, 9 x 6

ELEMENTS OF THE THEORY OF INFINITE PROCESSES.

By Lloyd L. Smail. N. Y., McGraw-Hill Book Co., 1923.
339 pp., 8 x 5 in., cloth. $3.50.

Under the title of Infinite Processes, the author has included
the subjects of infinite sequences, infinite series, infinite products,
infinite continued fractions, infinite determinants and infinite
integrals. His work is an introductory texthook, requiring only
a knowledge of ealculus, intended to give the more important
conceptions and propositions of its field in sufficient dotail to be
intelligible to the beginner, and to serve as an introduction to
thg study of tho special ficlds. Aeccording to the author, no
suitahle introductory texthook has hitherto heen available.

EnciNeEmING KINEMATICS.

By William G. Smith. N. Y., McGraw-Hill Book Co., 1923.
282 pp., illus., diagrs., tables, 9 x 6 in., cloth. $3.00.

In this texthook the author, while giving first consideration to
the fundamental prineciples of motion, its laws, its conversion
and its transfer, hag also given attention to the application of
these principles to the design of agoncies for transmission,
trangportation and production. He thus endeavors to relate
the study to actual engineering problems and conditions, so

that the r-;tudn-lnt's_ interest may he awakened hy a knowledge of
tho practical applications of the scienco.
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Facrory MANAGEMENT WASTES AND HOW T0 PREVENT THEM.
By James F. Whiteford. N.Y., D. Van Nostrand Co., (1920).
220 pp., charts, 9 x 6 in., cloth. $4.00.

Of the work of the average fuctory, about one-fifth deals with
the processing and treatment of materials, and this is usually
efficiently done in a well organized way. The remaining four-
fifths of the work, dealing with the common things, done day
after day by routine, is seldom well organized. It ishere that the
greatest wastes are to be found. ) )

It is the purpose of this book to discuss these wastes, their
causes, detection and remedies. Removal of them will, the
author believes, remove some of the prevalent difficulties between
employer and employed, manager and managed.

The subjects discussed include works orgamzation and
management, production control, machinery, performance
records, overtime, cost finding, wages and profit sharing.

“Hurre,” des Ingenieurs Taschenbuch. vol. 2, ed. 2.

By Akademischen Verein Hutte, e. v. in Berlin.
Wilhelm Ernst & Sohn, 1923.
cloth. $2.00.

The second volume of this new edition covers the important
subjects of Prime Movers, Measurements, Machinery, Ship-
building and Marine Engines, Automobile Construetion, Lighting
and Electrical Engineering. It has been partly rewritten and
partly revised, over 200 pages having been added. The principal
additions have to do with Boilers, Engines, Steam Turbines,
Internal Combustion Engines, Hoisting Machinery, and Elec-
tricity® Each section is the work of a group of specialists.

MECHANICS OF MACHINERY; MECHANISM.
By Robert C. H. Heeck. N. Y., & Lond.,, MeGraw-Hill

Berlin,
1288 pp., illus., tables, 7 x 5 in.,

Book Co., 1923. 508 pp., diagrs., 9 x 6 in., cloth. $5.00.
Contents:—Elements and principles of machines. Machinery

for uniform motion. Intermittent motion. Gear trains for speed
variation. Cyeclic and differential trains. Linkage mechanisms
and movements. Form action and production of gear teeth.
Gear teeth in space. Index.

The purpose of this work on the mechanies of machines is to
cover the whole fleld of motions and forces in machines, in a
manner suitable for study and teaching and as a trelated and
consistent whole instead of as scattered, isolated branches.

The present volume treats chiefly of mechanism. The
material presented is arranged according to the problems in
mechanism or mechanies which it presents, rather than accord-
ing to kinds of machines. The ground is covered with sufficient
completeness to make the book a useful reference treatise as
well as a textbook.

METALS AND METALLIC COMPOUNDS.
By Urick R. Evans. N. Y., Longmans, Green & Co., 1923.
Vols. 3 & 4, illus., 9 x 6 in., cloth. Vol. 3, $4.75; Vol. 4, $6.00.

In this book the author has taken advantage of modern
research in metallography, crystallography, electrochemistry,
ete., and has approached the subject of metals in a new spirit.
He avoids catalogs of compounds and empirical accounts of
metallurgical processes; and attempts to correlate cause and
effect, and to introduce such theoretical views as will serve to
%onnect- the known facts in an ordered sequence, in readable
orm.

Volumes 3 and 4 treat of the more important industrial
metals, iron, nickel, platinum, copper, silver, gold, zine, mercury,
tin, lead, etc. The pure chemistry of each metal and its com-
pounds is first discussed; then its terrestrial occurrence; and

finally its technical preparation for use. Numerous references
to the literature are given.

MINERAL VALUATION.

By Henry Louis. Lond., Charles Griffin & Co., Phila.,
J. B. Lippincott Co., 1923. 281 pp., 9 x 6 in., cloth. 15s.
(Gift of J. B. Lippincott Co.)

The object of the present work is to lay before mining engineers
and others interested the views of its author upon the principles
underlying mineral valuation, in the form into which they have
erystallized during the course of many years of experience in the
practise of this branch of the mining profession. The author
is concerned to bring out in the first instance the cardinal fact
that all mineral valuations must be based upon an estimate of
probhabilitios, never of certainties; a consideration too often
overlooked by those interested in the subject. Ile bas developed
this theomo to show how the mathematical conceptions of prob-
ability can be applied t0 mining valuations, so as to give a more
definite moeaning to them.

The actuarial formulas are presented in a form for logarithmie
computation. 'They . are sufficient, Dr.’ Louis bolieves, to
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answer all purposes. o also disousses at length the eolloction
of the data necessary for tho caleylations.

Pracrican Arpuicarions o X-Ravs.

By G. W. C. Kaye. N. Y., K. P. Dutton & Co., 1923. 135
pp., illus., diagrs., tables, O x 6 in., cloth. $5.00.

In this book the author, who is head of the radiology depart-
ment ol the National Physical Lahoratory, coulines himselt to
the practieal uses of X-rays in seience and industry. A brief
introductory ehapter on the nature and generation of X-rays is
followed by chapters on X-ray bulbs, high-potential gonorators
and methods for the measurement of X-rays. Chapter five
discusses the modical applieations of X-rays in dingnosis and
the treatmont of disease. Chapter six calls attention to in-
dustrial applications, such as the oexamination of metals for
flaws, of explosives and ammunition, of timber, aireraft, welds,
rubber and glass, the investigation of old paintings, ete.

IiADIO Puone Recerving.

By Erieh Hausmann & others. N. Y., D. Van Nostrand Co.,
1922. 183 pp., illus., diagrs., 8 x 5 in., cloth. $1.50.

This book, by a group of experienced enginoeers, is intended
for the general reader who wishes an authoritative, stmple
account of the methods and apparatus used for the reception of
radio phone speech and musie. The book will be useful to
novices and amateurs, as it avoids complicated deseriptions
and mathemadtiecs. Numerous praectical hints and answers to
questions that often arise are given.

Prysics 1n Inpusrry, vol. 1.

By Archibald Barr, Sir James A. Ewing & Clifford C. Paterson,
Lond., Henry Frowde, & Hodder & Stoughton, 1923. (Oxford
Technical Publications). 59 pp., 10 x 6 in., boards. $.85.
(Gift of Oxford University Press. American Branch).

The British Institute of Physies has established a series of
lectures on the part played by physices in various industries.
These lectures are intended to inform those interested in the
application of science to the industries and to guide and help
students of physies who intend to devote themselves to indus-
trial research. .

The three lectures here presented, the first of the serios,

Past Section and

PAST SECTION MEETINGS

Akron.—September 22, 1923, luncheon at Portage Hotel.
Future plans were discussed. After lunch the party, numbering
23, visited the North High Street substation of the Nothern
Ohio Traetion and Light Cempany.

Cincinnati.—September 13, 1923, Assembly Hall, Union
Gas and Eleectric Company. Subject: “The Manufacture of
Porcelain.”  Speaker: Mr. F. H. Riddle, Director of Research,
Champion Porcelain Company, Detroit. Attendance 65.

Connecticut.—October 4, 1923, Dunham Laboratory of
Electrical Engineering, New Haven. Joint meeting with the
Yale University Branch. Subject: “Supervisory Control for
Power Systems.” The General Electric Company, Westing-
house Eleetric & Manufacturing Company, and Western
Electric Company had installed apparatus to demonstrate the
operation of the control equipment and of the visible and audible
response of the mechanisms. The equipment was energized
and was resorted to by the speakers in their talks. It proved to
be a convineing portion of the program and much interest in the
apparatus was manifested by the audience. Mr. C. E. Stewart
described the General Electric Company's equipment, and
Mr. F. Zogbaum explained the functioning of the Western
Electric Company’s equipment, which is coordinated with that
of the General Electric Company. Mr. R. J. Wensley, repre-
sentative of the Westinghouse Electric & Manufacturing
Company described that company’s type of equipment.
Attendance 110.

Denver.—September 21, 1923, Adams Hotel. Subject:
“The Establishment of Telephone Communication Between the
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Journal A. 1. 1. |,

wore doeliverod during 1922, Dr. Barr puys especial attention
to the applications of physical resonreh in moahumu'ul'engimmr-
ing; Sir Jumes Alfred Kwing sponks on the “Physicist in I$n
gineoring Practise;” and Mr. Paterson on the “Lhysieist in
Lileetrical Kngineoring.”

SBresy Tusnman TrgarmenT

By Johu W. Urquhart. N. Y., ). Van Nostrand Co., 1922,
336 pp., illus., tables, 9 x G in., cloth. $8.00.

Having been engagod for many years in the production of
machinory and tools, tho author has beon under the neeessivy of
putting to practical uso all the reeently introduced procosses for
the hout treatment of steel.  This hook dus:(erilu;ﬁ tho upparatus
used for hicat treatiment, the processes and their adaptation to
various purposes. Tha physical and chemical phenomena that
occur are explained and an endoavor is made to co-ordinate the
work of the laboratory and the factory.

UrtravioLET RapiatioN.

By M. Luckiesh. N. Y., D). Van Nostrand Co., 1922. 258
pp., illus., tables, 9 x G in., eloth. $3.50.

In this book Mr. Luckioesh presents authontic data of such
scope as to be useful to chemists, physicists, engineers and others
interested in ultraviolet radiation, its properties, produetion and
radiation. The book is a useful summary of the faets that have
been ascertained by experiment and is provided with many
bibliographical referen~os.

TrEATISE ON CHEMISTIY, vOl. 2; The Metals. 6th edition.

By H. E. Roscoe & C. Schorlemmer. Lond., Maemillan &
Co., 1923. 1565 pp., illus., diagrs., 9 x 6 in., eloth. $15.00.
(Gift of Maemillan Co., N. Y.).

The sixth edition of this well-known work has been thoroughly
revisod by a group of writers under the editorship of B. Mouat
Jones. Much new knowledge of the chemistry of the metals
and their compounds has been obtained during the ton years
that have elapsed since the fifth edition of this treatise appeared,
and an endeavor has been made to incorporate the most im-
portant part of this new material while bringing the rest of the
volume up to date. The general character of the work, as a
systematic account of the metals and their compounds, has
been retained.

------ L

Branch Meetings

United States and Cuba’ (illustrated by lantern slides).
Speaker: Mr. H. S. Oshorne, Transmission Engineer, American
Telephone and Telegraph Company. Attendance 50.

Erie.—September 19, 1923, Academy High School. Subject:
“The General Theory of Gaseous and Solid Dielectries.”
Speaker: Professor V. Karapetoff, of Cornell University.
Professor Karapetoff gave a piano recital after the technical
session. Attendance 210.

Fort Wayne.—September 27, 1923, General Electric Com-
pany’s Recreational Building. Business and soecial meeting.
Those present were entertained by motion pictures and voeal
and instrumental musie. Refreshments  were served.
Attendance 66,

Minnesota.—September 24, 1923, University of Minnesota.
Subject: *“Electriec Farm Service.” Speaker: Mr. S. B. Hood,
Superintendent of Distribution, Northern States Power Com-
pany. Attendance 50.

New York Section.—The first Section meeting for the year
1923-24 was held at Institute headquarters, New York, on the
evening of Wednesday, October 24. Chairman L. F. Morehouse
presided. After opening the meeting he called on Secretary
E. B. Meyer to outline the meeting plans for the year as arranged
by the Program Committee of the Section. In closing Mr.
Meyer called upon the membership for suggestions in connection
with developing an interesting list of meetings. The Chairman
then outlined the history of the establishment of the Federated
American Engineering Societies and called upon L. W. Wallace,
the Executive Secretary of the F. A. E. S. to speak. Mr.
Wallace in a very Interesting talk reviewed the accomplish-
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ments of the Federation and showed how intimately concerned
its work was with the welfare of engineers and of the nation.
Mr. Wallace’s talk was followed by five reels of ‘‘Motion Pie-
tures of the Invisible.” Mr. Handy who is associated with the
development of this type of picture pointed out the salient
points of interest during the running of the reels. The smokers
present were invited to indulge as the guests of the Section.
Attendance about 260.

Pittsburgh.—September 18, 1923, Reception Room, William
Penn Hotel. Subject: ‘“Water-Wheeled Generators and Syn-
chronous Consensers for Long Transmission Lines’’ (paper
presented at Pacific Coast Convention, A. I. E. E., Del Monte,
Cal., Oct. 5-7). Speaker: Mr. M. W. Smith, Designing En-
gineer, Westinghouse FElectric and Manufacturing Company,
Attendance 160.

October 9, 1923. Special arrangements were made with the
Pennsylvania Railroad to transport the Institute members and
their guests to. the North Trafford Laboratory of the Westing-
house Electric and Manufacturing Company. The meeting
was opened by the presentation of two papers: ‘A Million
Volt Testing Transformer Set” by Mr. F. J. Vogel, Transformer
Engineer, Westinghouse Electric and Manufacturing Company;
“High Voltage Measurement” by Mr. D. F. Miner, Material
and Process Engineer, Westinghouse Electric and Manufacturing
Company. Following the papers a demonstration of high-
voltage phenomena was made including the maintaining of an
arc over a distance of some 40 feet, the behavior of horn gaps
under high-voltage flashover conditions and wet and dry flash-
overs on a column of insulators utilizing voltages up to 800,000
volts. Attendance 605.

Providence.—Qctober 5, 1923, Rooms of Providence En-
gineering Society. Subject: ‘“‘Present Views of the Structure
of the Atom and the Origin of Light.” Speaker: Dr. Saul
Dushman, of the General Electric Company. DBy means of an
electrically operated model and numerous lantern slides Dr.
Dushman discussed the present views on the structure of the
atom and the origin of light, the nature of the electron, number
and arrangement of electrons in the atom, structure of the
nucleus of the atom, and the relation between light spectre and
the arrangement of electrons in the atom. At the conclusion of
the talk an interesting discussion was held. Professor James W.
MecBain of the University of Bristol, England, was present and
gave some interesting comments on the talk during the discussion
period. Attendance 110.

Rochester.—QOctober 5, 1923. Inspection trip to the mine
and plant of the Sterling Salt Company, at Cuylerville, which
is well equipped with electric hoists, electric locomotives, ete.
The members inspected both the electrical and mechanical
facilities, and methods were explained by Mr. M. H. Curley,
General Manager. Following this the party stopped at the
plant of the Retsof Mining Company, where electrical equipment
has recently been installed. Attendance 29.

San Francisco.—September 24, 1923, Native Sons Hall.
Subject: ‘‘Engineering Problems of the Electric Power In-
dustry.” Speaker: Dr. Charles P. Steinmetz. Attendance at
call of meeting 1580.

Seattle.—September 19, 1923, The College Club. Annual
Banquet. After a short business meeting Chairman Lund
introduced Professor W. A. Russel, C. E. M. E., who had
selected as his subject: ‘“The Engineer’'s Latest Job.”
Attendance 48.

Schenectady.—Qctober 5, 1923, Edison Club Hall. Smoker.
Attendance 150.

Toronto.—October 5, 1923, Engineer’'s Club. Social and
get-together meeting. Attendance 76.

Vancouver.—September 15, 1923. Excursion to the Stave
Falls Power Plant of the British Columbia Electric Railway
Company. A thorough inspection was made of the entire

plant, including extensive construction works in progress.
Attendance 35.
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University of Alabama.—September 25, 1923. Business
meeting. Attendance 8.

University of California.—September 12, 1923. Subject:
“Large Water Wheels and Reaction Turbines.” Speaker: Mr.
Ross L. Mahon, Sales Engineer for Pelton Water Wheel Co.
Attendance 48.

September 24, 1923.
Electrical Industry.”

Subject: ‘“‘Engineering Problems in the
Speaker: Dr. Charles P. Steinmetz.

September 29, 1923. Inspection trip to Pelton Water Wheel
Company of San Francisco. Attendance 15.

University of Cincinnati.—September 20, 1923. Election
of officers as follows: Chairman, J. F. Morrissey; Vice-Chair-
man, A. E. Cavagnaro; Treasurer, Ralph Fowler, Sec. X,
C. T. Button, Sec. XX; Secretary, Professor C. B. Hoffmann.
Brief talks as follows: ‘“Advantages of Membership’’ by Pro-
fossor A. M. Wilson; “What the University of Cincinnati
Branch of the A. I. E. E. Aims at this Year” by Professor
C. B. Hoffmann; “Get Into the Institute” by Professor W. C.
Osterbrock. Attendance 98.

September 27, 1923. Joint meeting with the Chemical
Engineering Society for Sec. X. Moving picture “Mexico and
Its Oils.” Attendance 192.

October 4, 1923. Meeting of See. XX with the Chemical
Engineering Society. Moving picture ‘“Mexico and Its Oils.”
Attendance 177.

University of Colorado.—October 4, 1923. Talks on the
aims and benefits of the Institute and related activities were
given by Dean Evans, Professor DuVall, Professor Coover,
Mr. Hull and Mr. Easton. Attendance 80.

University of Denver.—September 25, 1923. Election of
officers as follows: Chairman, Charley G. Diller; Vice-Chairman,
Gail C. Shores; Secretary-Treasurer, Ray Hoover. Attendancel3.

State University of Iowa.—OQOctober 1, 1923. Election of
officers as follows: Chairman, P. A. Stover; Vice-Chairman,
G. C. K. Johnson; Secretary, J. M. Dean. The rest of the
session was occupled in showing a cinema of the process of
manufacture of watt-hour meters. Attendance 50.

University of Kansas.—September 27, 1923. Introduction
of the teaching personnel of the Electrical Department to the
new students. Discussion of the aims of the Branch for the
school year. Talk by Professor Shaad on the relation of the
Institute to those enrolled in electrical engineering courses.
Refreshments were served. Attendance 53.

Kansas State Agricultural Collede.—September 17, 1923.
Talks as follows: “Utah Power and Light Company” (summer
work) by Mr. B. Bivens; ‘“‘Chicago, Milwaukee and St. Paul
Railway” (employvment in Signal Department on the electrified
section on the Continental Divide in Montana) by Mr. W. K.
Lockhart. Attendance 55.

Lafayette College.—September 22, 1923. Election of
officers for the ensuing yvear as follows: Chairman, William
Welsh; Secretary, John B. Powell. Professor King, head of the
electrical engineering department, gave an interesting talk on
his summer work with the Bell Telephone Company,
Philadelphia  Attendance 21.

Lehigh University.—October 4, 1923. Talks by Professors.
Esty, Schealer, Seyfret and Beaver to stimulate interest in the
society and to point out the benefits derived therefrom.
Refreshments were served. Attendance 81.

Marquette University.—September 18, 1923. Smoker.
Mr. Frazer Jeffrey, of the Allis-Chalmers Company, and Mr.
W. H. Costello addressed the meeting on the advantages of
being a member of the Institute. Attendance 27.

University of Nebraska.—October 4, 1923. This meeting
was for the purpose of acquainting the students with the aims;
purposes and oganization of the A. I. E. E. Dean O. J. Ferguson
discussed the national organization, and Professor O. E. Edison
discussed the organization of the local Branch. Attendance 57.
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3 University of North Carolina.—Qeotober 4, 1023. In-
torosting talks on tho Caroling Iingineering Sehool were given hy
faculty members, and plans wore laid for a successful seasou of
the Braneh. Attendance 42,

Northeastern University. —Soptonmber 24, 1923, Organi-
zation meeting and olection of oflicers as follows: Chairman,
L. F. Hubby, Vico-Chairman, K. M. Barney; Secretary-
Treasurer, E. G, Croekett; Assistant Seoretary, M. (i. Piorce.

University of Notre Dame. —Se ptember 24, 1923, Fleetion
of oflicers as follows: Chairman, FFrank Egan,; Viee-Chairman,
Edward Sullivan; Secretary, Kennoth Taiver; Treasurer,
Hubert Hersam. Dr.J. A. Caparo, head of electrical engineering
department, gave a short talk on technical education and the
need of broadening influences sueh as are afforded by membership
in the A. I. E. E. Attendance 30.

October 1, 1923. Business meeting and appointment of
committees. Dr. J. A. Caparo gave a talk on the value of a
technical edueation, and diseussed the elusive topies of perpetual
motion and the impossible geometric solution of certain problems.
Attendance 62.

Ohio Northern University.—October 5, 1923. Subject:
“Advantage of an Electrified Railroad Over Steam Railroad.”
Speaker: Mr. Frazine. Attendance 32.

Pennsylvania State College.—OQOectober 5, 1923. Eleection of
officers as follows: Chairman, H. O, Alexander; Viece-Chairman,
J. L. Garrett; Treasurer, W. H. MecLaughlin; Secretary, Leon
Lentz, Jr.; Sergeant-at-arms, G. W. Lehr. Professors Markle
and Doggett gave interesting talks on the opportunities the
Branch affords in aiding the student to secure a broader knowl-
edge in the field of electrical engineering. Attendance 26.

Purdue University.—October 2, 1923. Talks as follows:
“Organization of the A. I. E. E.” by Professor C. F. Harding;
“Local Membership in the Organization” by Professor A. N.
Topping; *“Aims of the Organization’” by Professor L. D.
Rowell. Refreshments were served. Attendance 156.

Syracuse University.—September 24, 1923. Election of
officers as follows: Chairman, Edward J. Agnew; Secretary,
John G. Hummel. Attendance 20.

West Virginia University.—October 1, 1923. Election of
officers as follows: Chairman, O. A. Brown; Vice-Chairman,
P. F. Hill; Secretary, James Copley; Treasurer, D. S. Raush;
Publicity Agent, M. C. Holmes. Attendance 33.
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PERSONAL MENTION
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BerNARD OrriNng has left the employ of the Cincinnati Ball
Crank Company and is now with the Willy Wray Electric Com-
pany, Cincinnati, Obhio.

WaLteR J. REY, formerly with the Chicago, Milwvaukee & St.
Paul Ry. Co., is now connected with the Allis Chalmers Mfg. Co.,
in the Electrical Department.

C. B. WrigHT is now employed with the Kansas Gas & Eleetrie
Company, Wichita, Kansas. He was formerly with the Du-
quesne Light Company of Pittsburgh, Pa

R. B. CuiLLas, Jr. has resigned from the National Aniline &
-Chemieal Co., Buffalo, N. Y. and is now associated with the
Atlantic Refining Company, Philadelphia, Pa.

A. A. PeursoN has resigned from the emiploy of the Western
Electric Company, and returned to business as President of the
A. A. Pehrson Electric Corporation, 103 Park Ave., New York
City.

Orto M. Rau, of Philadelphia, has recently been appointed
in a consulting capacity on the staff of the ower Survey which
has been begun in Pennsylvania at the mstance of Governor
FPinchot.

P. M. DunNcaN has severed his connection with the Western
Electric Compan, Hawthorne plant, to aceept a position as a
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Dovelopmaent Xngineer with the Allen-Bradley Compuny, Mil.
wiukoee, Wis,

locuann 13, Bonnerr, has sevored his connoclion with the
Genoral Xloetrie Company, Now York City, to hocomne assosi-
ated with the Brooklyn Kdison Company, Broolklyn, N. Y., us
Inside Plant [Kngincor

Witnian No FenNiNGrr, who recontly rosignod fron his
position ol Kxpediting I$ngineer with tho Brooklyn Edison Oy,
18 now Supervisor of Klectrical Conrses at the Mechanies [nsti-
tute, Rochestor, N. Y

E. C. Morse. formerly President, Foreign Trade & Supply
Company, New York City, has recontly rosigned to become Vice
President in Charge of Sales, of the Triumph Kleetrie Company,
Oakley, Cineinnati, Ohio.

W. AL Munnray has resigned as Instruetor in Electrical lingi-
neering at the University of Idalo, to accept a position as
Assistant Professor of Jlectrical Engincering at Montana State
College, Bozeman, Montana,

Leroy A NETTLETON has become connected with the Brook-
lyn Edison Company in the capacity of an inspector in tha
Electrical Kngineering Dept. DPreviously he was with the West-
inghouse Eleetric & Mfg. Co.

SioNey K. Worr has become conneeted with the Sheffield
Scientific School, of Yale University, as an instructor in Electrical
Engincering. He has recently resigned from the eniploy of the
Westinghouse Electrie & Mfg. Co.

G. H. Wirrn has accepted a position as Kleetrical Engineer
with the Right and Left Tool Holder Company, Philadelphia,
Pa. He was previously in U. S. Government serviee as Chicf
Shop Instructor in Philadelphia Pa.

Wavrer R. Roxnsunry has resigned from the FKngineering Dept
of the New York Edison Company, to become an Engineer in
Charge of Publie Utilities Division, Power Plant Equipment, of
the Meclntire Corporation, Newark, N, J.

Fraxk H. Parkex, who was formerly Chief Engineer, lotel
Belleclaire, for the Engineering Supervision Co., New York City,
is now associated with Cross & Brown Co., New York City, as
Superintendent, Heating and Power Plants.

D. A. Exxis, formerly Assistant General Foreman of the
Testing Department of the General Ilectrie Co. at Schenectady,
N. Y., has accepted a position as Electrical Engineer for the Glens
Falls Portland Cement Co. at Glens Falls, N. Y.

Wt J. MiLLer has resigned as Professor of Iileetrical Engi-
neermg at the Oklahoma A. & M. College, and has aceepted a
position as Research Engineer with the Engineering IXxperiment
Station of the University of Arkansas, Favetteville, Ark.

Davip O. Woopnurry resigned in August as Assistant to the
Transmission Engineer, Pacific Telephone & Telegraph Com-
pany, and has recently become associated with the American
Appliance Co., Cambridge Mlass., as Research Iingineer.

C. P. ToLyax has resigned as Chief Engineer and Chairman
of the Manufacturing Committee of the National Lead Company
which position he had lLield for sixteen years, to open an office for
general consulting practise, at 111 Broadway, New York ( ity.
He continues his connection with the National Lead Company
as a consultant.

A.T. Warp, who has been associated for nearly five yvears with
the Union Carbide & Carhon Corporation of New York, resigned
on October 1st to engage in business for himself, operating under
the name of the Aeme Coal Mining Sales Corporation, 20 Broad
St., New York City.

H. R. Warring has resigned Ius position as Superintendent of
Steam Plant & Substations with the Porto Rico Railway, Light
& Power Co., San Juan, P. R. and has accepted the position of
Superintendent Engineer with the Compania Electrica de Santo
Domingo, Santo Domingo, R. D
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Crark A. TERRY has recently severed his connection with the
General Electric Company as ( ‘onstruction Engineer at Schenec-
tady, N. Y., to become Superintendent of the Sherman Island
Hydro-Electric Development Company of the International

| Paper Company at Glens Falls, N Y.

Guy E. Trier, Chairman of the Board and Lovyaryt A. Os-
BORNE, President of the Westinghouse International Company,
left for Japan on October 4th. They sailed from San Francisco
on October 10th in the S. S. Shinyo Marw, and will visit Shang-
hai, Hongkong, Pekin and the Philippines before returning home.

Epwakp WoopBURY has recently been appointed Electrical
Engineer of the Merced Irrigation Distriet on pawer house
design and construetion for the consulting engineers of the
project. Previous to this, he was Superintendent in charge of
the installation of the hydraulic and electrical features of the
Pit River power house.

A. L. RouRrER, Superintendent of Light, Heat and Power at the
Schenectady works of the General Electric Company, has re-
tired after thirty-nine and a halt years service with that company,
and is succeeded by €. A. Clark, who has been assistant super-
intendent since the department was organized in 1917. Mr.
Rohrer will remain with the company in an advisory capacity.

Obituary

Frepericxk C. Bartes, a Member of the A. I E. E. died on
October 2,1923,at his homein Brooklyn, N.Y.,after a protracted
illness. He was torn in Danielson, Conn., in 1867. In 1887 he
entered the employ of the Thomson-Houston Company, at Lynn,
Mass. and was sent to Beriin in 1894 to supervise electrical instal-
lations w'th the Allzemeine Elektrictats-Gesellschaft. Upon his
return, in 1896 he became connected with the New York office of
his company, and he was made manager of the lighting depart-
ment. For twenty-seven years thereafter Mr. Bates was employed
by the General Eiectric Company, acting for many years as
manager of the Lighting department in the New York office. He
was viee president of the Orange County Public Service Corpora-

tion and an officer in its affiliated companies. e was a member of
the Machinery Club and the Engineer Club of New York City.

Joun Grant, Chief Electrician for the Utica Willowvale
Bleaching Company, died as the result of electric shock at Chad-
wick, N. Y., July 11, 1923. He was born in Ireland in 1889.
After serving an apprenticeship with the B & C Electric Company
at Utica, N. Y., he was connected with that company as foreman
of electric construction. For several years he was with the
National Knitting Company at Milwaukee, Wis., from which
he resigned to accept the position which he held at the time of
his death. He became an Associate of the Institute in 1921.

Addresses Wanted

A list of members whose mail has been returned by the Postal
Authorities is given below, together with the addresses as they
now appear on the Institute records. Any member knowing the
present address of any of these members is requested to com-
municate with the Secretary at 33 West 39th St.,New York,N.Y.

All members are urged to notify the Institute headquarters
promptly of any change in mailing or business address, thus
relieving the member of needless annoyance and also assuring the
prompt delivery of Institute mail, the accuracy of our mailing
records, and the elimination of unnecessary expense for postage
and clerical work.

1.—George G. Chow, ¢/o S. K. Lau, 351A Weihaiwei Road,
Shanghai, China.
92— C. C. Cobb, 209 W. 2nd St., Oklahoma City, Okla.
3.—Thomas R. Cummins, Autorite Produets Co., Ontario,
Calif.
4 —Charles E. Grant, Christie St. Hospital, Toronto, Ont., Can.
5—John F. Greene, 5107 Cullom Ave., Chicago, 111
6.—Donald T. Mason, 91 Wick Place, Youngstown, Ohio.
7 —Milan S. Mitroviteh, Box 254, Roseville, Placer Co., Calif.
8.—Cyrus A. Perkins, 139 Dundas St., E., Toronto, Ont., Can.
9 —Otto Pramm, Hydro-Elec. Pr. Comm., Toronto, Ont.
10.—Osecar A. Schlesinger, 64 Fairview Ave., Piedmont, Calif.
11.—E. D. Simpson, 4104 Agua Vista St., Qakland, Calif.
12.—F. Slager, 4149-51 East 79th St., Cleveland, Ohio.
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Employment Service

R G GU U T

II:ILC Engineering Societics Employment Service is conducted by the national socielies of Civil, Mining, Mechanical,
and Electrical Engineers as a cooperalive bureaw available to their membership, and maintained by the joint conlribu-
tions of the socielies ond their individual members who are directly benefited. .

- MEN AVAILABLE.— Under this heading brief announcements will be published withoul charge to the members.
1 IL({selaanouncc7rl/erL/s wlzl/ n% be repeated, excepl upon request receiverd after an interval of Lhree months, during which
period names and records will remain in the aciive files of the bureaw. Nolice for the JO URNAL should be addressed
lo EMPLO YMENT.v SER‘VICE,}?!? West 39th Street, New York City. Such notices will nol be acknowledged by
personal letler, hut if received prior lo the 16th of the month will usually appear in the issue of the following month.

()I’I’()RTUN(T[ES.—A bulletin of engincering posilions available will be published and will he available to
members of Lhe sociclies concerned al a subscriplion rale of &3 per quarler, or 810 per annum, payable in arlvance.

) VOLUNTARY CONTRIS U’/'I()NS. Members oblaining posilions lhrough the medium of Uhis service are in-
vzte({ Lo cooperale with Lhe soctelies in the financing of the work by nominal conlribulions. It is believed that a successful
sereice can he developed if these conlribulions average 810 for all positions paying a salary of $2000 or less per annum;,
$10 plus one per cend of all amounls in excess of £2000 per annum. (emporary positions (of one month or less), three
per cent of lolal salary received. The inrome contributed by the memhbers, logether with the finances appropriated by
the four socielics named above, will, it is hoped, be suflictent Lo 1ncrease and extend the service. '
l REPLIES TO ANNOUNCEMIEN TS.— Replies to announcements published herein or in the Bullelin, should
he addressed lo the key number indicated in cach case, and forwarded to the Employment Service as above. Replies
received by the bureaw after the posilions to which they refer have been filled, will not be forwarded.

MEN AVAILABLE GRADUATE M. E., E. B, 26 yoars, wishes to some good enginecring firm. Ifour

years' ox-

ELECTRICAL ENGINEER '22 and 3. §. ¢onnect with an industrial concern. preferably in perience in maintenance and construction of
'21 desires to change his position. Has had 21 tho metal trades to learn the manufacturing end. transmission lines and goneral public utility work.
months’ oxpericnee, of this period, 9 months in  Has 3 yoars' exporience in the fleld as tester of Also six months commercial exparionce. Prefer
radio and balance in general olectrical engineoring. eloctrical and mechanical machinery and 1 year HKastern Pa., but will consider good proposition
During past year has been doing designing, a8 schedule planning engineor. Has takon course anywhere. E-4522.

tosting, drafting and supervision in an oloctricat Of factory cnginoering

instrument manufacturing shop. Would like to N- Y. U. Location N. Y.
connect \fvi.lh a responsible concern in New Yorlk ELECTRICAL ENGINEER, 'Technical
City or vicinity. Starting salary $2000. 1£-4520. graduate. Age 24. Desires connoction with

and management al  [LECTRICAL  ENGINEER.  Tochnical

15-4521. ) p . :
i-4521 graduate, G. K. test control onginooring and

anthracito mining eoxperience in all phases of
eloctrical work wishes position with company tha
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will load to other thun oporatdng und mainten-
anco work, preforably the commoreinl oend of
the gnme. K-y523

ELECTRICAL ENGINRER, Age 35, tech
nical gradunte desires position wich anthracite or
bicuminous cow) broducing company. Kourteen
yours' experionco including two years' of G, I§ tost
and elght yoars with large anthracite producer.
Services now available. E-45924.

GRADUATE ELEOTRICAL ENGINEERIt
Eight vears' engineoring experionce with power
and light utilities, desires position with utility
company with chance for advancenient, es-
pecially work which will develop into executive or
managing position. E 1525

ELECTRICAL ENGINEER. Technical
graduate, 1912. Two years' test and nine ycars
public utility experience, conimercial engineering,
construction and maintenances of power houses,
substations and transmission lines. Desires re-
sponsible position with possibility of ultimate
interest in engineering or operating company.
Immediate partnership with successful engineer

considered. References given. E-4526.
ELECTRICAL ENGINEER. Technical

graduate: married, age 34. Eight years' ex-
perience in design, engineering and construction
of power plants, substations and distribution
systems, with largest engineering, industrial and
public utility corporations. Available 30 days
after agreement. References furnished upon
request. E-4527.

GRADUATE MECHANICAL ENGINEER'

public utility operation,
power and substations, line work, inspecting,
supervision; designing, drafting, layout, in-
dustrial plant. chemical apparatus, marine work,
power house, fire protection, desires position with
engineering concern, utility or industria! plant.
New York City or vicinity. E-4528.

14 years’' experience:

SALES ENGINEER. Highest
wishes to represent manufacturer in Washington’
Oregon, Idaho, Montana and British Columbia’
commission basis only. Have had 17 years’ sales
and engineering experience, 6 yvears' sales engineer
for one of the largest electrical manafacturers in
Canada. Will  consider only high  grade
guaranteed products, electrical machinery, power
plant and industrial, transmission line and
sub-station equipment, radio apparatus, lighting
and household appliances. Now established in

Seattle. have thorough acquaintance with
territory. E-4529.
ELECTRICAL ENGINEER GRADUATE,

also M. Sc. degree, specializing in radio and
comniunication engineering. G. E. test course,
three years' transformer and designing experience
together with manufacturing supervision. Age
30; married. Manufacturing, process or research
connection preferred. Available at once.
E-4530.

FIELD ENGINEER, thoroughly experienced
in estimating, design, supervision and erection of
heating, ventilating, plumbing, power piping and
automatic sprinkler systems; experience on large
projects of the better kind. Have just completed
equipment in ‘24 story office building in large
eastern city. Location immaterial, although
eastern U. S. preferred. Permanent connection
desired with possibilities. Assoc. A. 1. E. E. &
A. 8. H.. & V. E. Still employed, hut desires
change. E-4531.

I AIM TO SELL, I would like to hear from a
reliable firm, preferably electrical. which will
train and develop me into a salesman. T am a

reputation’

INSTITUTE AND RELATED ACTIVITIES

graduntw electrical enginoer, 22 years old und have
hind 168 ntonths exporlence in tho distelbution and
power sules dopurtment of largoe public utllity
compiny. Tocatlton, New York or vielnlty.
K-4532

ELEOTRICAL KENGINKEKR, technleal grac
uate and exvcutive, now employed, wishes to
make chango. Assoc. A, L 1. | Sevon vears'
oxperionco In rallroad oleetrical work. Dosire
position with manufacturor of rallroad eleetrical
equipment or automatic machinery. Will con-
sidor opening in similar work.  1-4533

GRADUATE ELECTRICAL ENGINEEIR,
14 years' experionco in sules, sales-enginecering
burchasing and executive management. ¢ apable
of managing commeorcial departmont of public

utilities;  electrical contracting  and supply
business; purchasing-agent engineer of business
oxecutive of industrial  company. Ago 38

Prefer location in ecastern or southern
Services available on short notice.

married.
United States.
E-4534.

ELECTRICALENGINEER, ago 37 married.
Familiar with operation and maintonance steam
electric stations and boiler-houses. Six yoars
installation worlk and later distriet engineer large
electrical manufacturer. Wide experience in-
dustrial applications. Steam economy work
large paper manufacturer. Giraduate mechanical
engineer. Desires connection power company,
engineering firm. KE-4535.

ELECTRICAL ENGINEER, age 27, single.
College graduato with B. §. degree, university
extension division graduate in power plant.
Power plant experience two years, and machinist
trade six years. Desires position either as a
service engineer or in testing department.
Available at anytime. E-4536.

ELECTRICAL ENGINEER, over 30, long
experience in power production and wire com-
munication. Last 6 years work in radio practise
and electrical research: experienced executive.
Will go anywhere. Responsible position only
considered. E-4537.

1919 GRADUATE of the E. E. course at
Cooper Union Institute, degree of B. S.. age 26.
Has had 2 years of d-c. machinery testing, and
five years' experience as electrician on electric
light and power installation. Would like a
position with elcctric light and power or mining

concern.  Main consideration chance for ex-
perience. Location immaterial. E-4538.
MECIHIANICAL & ELECTRICAL ENGI-

NEERING EXECUTIVE, having recently eom-
pleted rehabilitation of large electric railway
system. including boiler house, turbine and engine
rooms, substations and lines as resident consulting
and construction engineer now available. Seven
years’ commercial, consulting, construction and
export experience in executive capacity, preceded
by six years with W estinghouse as foreman of
test and commercial engineer. Cornell graduate,
Member both A. S. M. E.and A. I.E.E. Passed
first in recent examination by Civil Service
Commission for Mechanical and Electrical
Engineers at $5000. E-4539.

ELECTRICAL ENGINEER EXECUTIVE,
broad experience manufacturing field. Expert
development and design of small apparatus
manufacturing methods, quantity production,
standardization materials and parts, planning,
commercial manufacture, factory organization and
routine, plant and department layouts. Desires
connection with manufacturing concern, con-
sulting or industrial engineer operating in manu-
facturing field. American, Christian. E-4540.

Journnl AT 1. W,

GRADUATE KELEOTRICAL ENGINKIG,
28 yours' exporience in deslgn of olsctrical np
pllances, switehhourds and control; plant operu-
tion and instalintion industrial and nurlne
power applications.  Desire change to flold of
broador responslbititios. Have Initiative,
oxcollent hablts and hoealth.  Hest of referencos
us to mochanical, electrical and execntlve abitlty
and oxperience.  Locatton fmmaterial. 15-1541,

ENGINEERING EXECUTIVE technical
graduate, olght years with loading ongincoring
companics, twelve in own business ay consulting
and constructing engineer, sccks employment,
Major experience in locating, deslgnlng, con-
structing, and ‘operating steam and hydroelectric
plants, publie service properties, industrial power
systems, etc. Membor A, 8. M. K. Fellow
A L E. K. licensed professional ongineer, Now
York State. E-4542.

GRADUATE ENGINEER, 26 years old

2 years’ G. E. "Pest erperience and 2 years
manufacturing experience along the Ilnes of
elliciency work involving timo studies, planning
and despatching in a large manufacturing plang.
Desires a position with eastern manufacturing
concern with chance to work up into the organi-
zation. At present employved, bhut desires change
due to expiration of present contract. Availahle
in 30 days. E-4543.

ELECTRICAL ENGINEER, M. I. T., 1923,
Desires connection with engineering firm or
public utility company in New York City or
vicinity. Excellent mathematician, resourceful,
initiative. Cood knowledge of accounting and
allied bhusiness subjects. Salary second con-
sideration. Employed at present, but avaijable
on short notice. E-4541.

TECHNICAL GRADUATE. age 25, single.
Graduate student course Westinghouse Co., 134
years test and 3 years field engineering with same
company. Desires position with public utility or
assistant to engineering executive in Boston or
vicinity., E-4545.

GRADUATE ELECTRICAL AND ME-
CHANICAL ENGINEER, technical and univer-
sity training from France and Switzerland. Age
34, single; 8 vears' varied experience in Europe
and United States designer of power stations and
substations, foreman of electric railway repair
shop and estimating engineer. Desires a position
as power station designer. Location immaterial.
E-4546.

RECENT GRADUATE B. S., in electrical
engincering with some experience in steam electric
power plant testing; small motor and storage
battery production besides some training in
illuminating engineering design and estimating.
Desires a permanent position with some central
station or manufacturing concern where a hard
worker is appreciated. Age 26 and single.
Residence Ohio. Location immaterial. Available
at once. E-4547.

ELECTRICAL SUPERINTENDENT OR
CHIEF ELECTRICIAN. have had over twenty
years' practical experience in construction and
maintenance, of power and industrial plants and
substations, both a-c. and d-c. current. A current
up to 22,000 volts. First class technical kpowl-
edge of both lines. Have had charge of plants
for past twelve years, and am at present employed,
but can leave on a fair notice. Can furnish
recommendation from my present employer and
others. Will accept apy reasonable offer in
eastern, middle or southern States. Salary at
Dresent $250. per month. Assoc. A. I. E. E.
E-4548.
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ASSOCIATES ELECTED OCTORER 26, 1923

ABRAHAM YEHUDA, Drafting. Q. & K.
Kloctrie  Spedialtive (o, 7440 & Chicago
Ave.. Chicago, 11}

AMES, IRVING MORRIS, 504 So. 11th 8¢,
Newark, N. J.

ANDERSON. JOHN WILLIAM  Foreman.
Armature & Qoll Test. General Electric Co
FErie, Pa.

ANDREN. AUGUST, 177 PPark Place, Rrookiyn,
N.Y

ARCEO., ANTONIO. Superintendent of Dis-

tribution. The Mextcan Light & Power Co

Lid.. 20 Gante St Mexico City. Mex
*BAILEY. RORERT COOPER. Engineer. West-

inghouse Filv & Mfig. Co.. Fast Pittsburgh,

Pa

BATSFORD. HOWARD  EKDWIN, Firld
Engincer. Sabwtiation Comtruction. Utiea
Gas & Electrie Cn., 222 Genesee St Utica,
N

BRECKMAN. JOSEPH STICKNEY. Asmt En-
gincer. Bell Telephone Co. of Pa.. 261 N
Broad St Philadelphia, Pa

SBERRS. ROLAND F . Kagineer. Wrstern
Blectric Co.. Inc . 463 West 31 New York

NY
BELANGER. ERNERXT. Shift Operator. Lauren-
tide Power Co . Grand Mere, P Q. Can
BENNETT. DUDLEY EARL. Asst to Super.
visor. Electrical Inspection. Gray & Davia
Inc.. Cambridge, Mass

BRINGHAM, JOUN MERTON. \sst. Kneipeer
Horowhenva Electric Power Boand. laewin
for mafl, Hamiltan, N 7

BODDY, LREONARD. Rewearch Chemist
Laboratory. Erie Works, General Eleetne
Oo . Erie, Pa

BOELSTRELI, ARTIHUR A Desdzning En-
gineer. Rievtric Gond & Share Co.. &5
Broadway, New York, N Y res. West
Hoboken. N1

BROWN. WILLIAM AUVGUSTUX R Senfor

Shift Engineer. Radio Corp. of America,
Part Jefferson. N, )
BUNKER., FRANK © Electirical  Encincer.
CGeneral Electric Co., Schenectady. N )
SPBURNHAM. GUY LLEWELLY X Equipment

Eungiacer, Wisminsin Telephone Co.. M-
wankee., Wis,
CASSELL. RAYMOND LOWRY Desigming

Draftsman. Engg. Dept, Southern Power
Co.. Charlotte. N. C.
CASSIN, WILLIAN DEARINS, Sals Engincer.

Westinghouse Elee. & Mg, Co.. 1242
Widener Bldg.. Philadelphia. *a

CHARI. PERUNGAVUR V. Asst. Electrienl
Engincer. Public Works Dept. Madras
India: for mail. London. Eng

CHESHIRE, ALFRED AUSTIN. Electrical
Enginecr. Sumner Borough Councit.
Christchurch res.. Truro  §t..  Sumner

Chiristchureh. N. Z.

CLARK, HEZZIE. Experimental & Rescarch
Wark. Humble Pipe Line Co.. Humble Blde.
Houston. Texas.

CLINTON. JOHN FRANCIS. Electrical In-
pectar, U. 8. Shipping Board. 45 Broadway,
New York, N. Y.

COFFIN,. HAROLD WILHELM, Asst. Engineer,
Bangor Railway & Electric Co.. 84 Harlow
St.. Bangor. Me.

COLLIER, HOWARD. Draughtsman. Thomas
E. Murray, Inc, 55 Duane St., New York,
N.Y.

COLLINS. WILLIAM OTIS, Western Electric

Co.. Inc., 1100 West York St., Philadeiphia.
Pa.

INSTITUTE AND RELATED ACTIVITIES
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CONOVER, OWEN EDWARD. Rlectrical En-
gincer. D. C. Enge. [lept., Goneral Elcctric
Co . Schenectady, N. Y

CONTESTL J. EMILIO. Asst to Oeneral Supt
of Distribotion. American Foreign Light &
Power Co.. Guatemala City. Guatemala
C.A

CORNEIO. ANTONIO. Chiel Engineer. Water
Aleter Serviee Dept.. Public Water Supply
Waorks Dara de la Republica No. 8 . Meskwo
D. F. \ex.

CORRIVEAUX FRANCIS MAURICE., e
wigner. Geneval Rlectrie Co.. Schenectady.
N. Y.

COTTER, JAMES 8 Foreman, Electrical
Repair Dept., Southorn California  REdison
Co. 122 W Llewellyn St Los Anzeles. Calit

COUZENS DENNIS FREDERICK. Elctrical
Encinrer. Western Klevtrie Oo . Lad - Norsh
Woniw ich. loodon B, 16, Eng.

CRAMNE. EDWIN RARNES. Engineering Dept
The Peansy hania-Ohio Poser & Lt Oo.,
Youngstown, Ohio,

CROTTE. JUAN V  Load Dispatcher, Maican
light & Power Co. QGanie No. M, Mexko
City . e _Tacubaya D F_ Mex.

CROWNE  1RVING H . Resarch Fngineer
Rreokisn Edisn On. ., 360 Peari $1. Brooklyn,
N.Y . ren. Cranfond. N J

CUNNINGHAM., FRANK. X.my Ensinent.
A C Durke & Co. 13214 Hobtwrlin Nids.
Tornto (nt.. Can

DAMANTA, REHRRAMIT M Elevivieal En-
ginevr. Amdhira Valley Powve supply Co
Dharavi llanbay. India.

SDAVIR JOUN CLARK. Inepecior, Automalle
sylwtatione, Kansae Uy PPower & Light
Co 12 Grand Ave, Kansas Clity Mo,

DE NIRO. FRANK 1., Elvtrimal Maintenance
Dept.. Bric Lichting Co . State at Eighth St
Erie Pa,

DE VITIS, RENE M. 8 Eklvteical Desdgner.
Eleciric Rond & Share Co., 1 Rroadway.
New York, ree. Brooklys. N Y

DIERINGER. HERMAN €. Fkciriwal FEn-
gincer. Alls-Chalmess Mfe Co.. Milwaukew
Wi

DINON. JOHN R Head of Ekvisical Eo-
ginevring  Dept.. Extenson Div.. United
Y. M. C. A Schoots. 47 Madison Ave,
New York: res . Astaoria, N, Y

*DOWNING. K. EUGEYNE, Ioswructor. Fho-
trical  Enaginecering. Univerdty of Maine,
Qrono: s, Rangor, Me

DUVOISIN, EDWARD MARC. Testman. Gen-
eral Electric Co.. Sciwnectady. N. Y.

ECKSTEIN, FRED. Asst Distribution Engincer
New Oricans. Pullic Service. Inc.. 201
Baronne $t.. New Orkans, la.

ELSON, IHAROLD H.. Chiet Electrician. Fault-
less Rubher Co.. Ashland. Ohilo.

*ERDMAN, EDWARD A.. Electrical Encgineer,
Western Electrie Co.. Inc.. 22nd St. & 48th
Ave.. Chicago. TlL

ESKELSEN. RUEL M. City Electrician.
Brigham Municipal Corp.. Brigham City.
Utah

EVANS. FRANK BROOKE. Jr.. Engineer of
Buildings & Equipment, Bell Telephone Co.
of Pa.. 261 N. Broad St.. Philadelphia. Pa.

FALLEN. ALBERT EDWARD JOHN. Load &
Water Dispatcher, Kaministiquia Power Co..
T4d.. Mary St. & Syndicate Ave. FPi.
William, Ont Can.

FLEMING. JOHN M., Sales Engineer. Westing-
house Elec. & Mfg. Co., Union Bank Bldg..
Pittsburgh, Pa.

FLIR. D.. President, Adlanco Industrial Products
Corp.. 54 Lafayette St., New York. N. Y.

FLOOD. JOHN P.. Technical Seryeant, U, 8.
Army. Q. M. C . Fort Mcade, 8. D.

FROMUTH., HARRY HENRY . lant Engineer,
Cutlee-Hammor Mg, Co.. 220 Southern
Nivd., New York. N Y.

GRBUHARD. LOUIS AUGUST. Radio Enzincer,
U. 8. Nayy. L. & Naval Experimental &
Hescarch Laboratory, Bellevue: res.. Wash-
Ington. D. C

GLILIAM, MARION WILLIAMS, Vice-Presi-
dent & Distriet Manager. West Virginia
Engineering Co.. Willlameon, W. Va.

GIRAUD. EMILE JEAN ANTONIN, Electrical
Draftaman, Sargeent & Lundy, 72 West
Adames St Chicaso, 1L

GIVENS, RAYMOND CLAIR, Flecirical Ap-
prentioe, Rideway Dynamo & Enxine Co..
Ridgway, Pa.

SQOETSCHIUS, WALTER
Stony Point. N Y

GOSNEY. GEORGE. Load Dispatcher, West
vin Power Co . Charleruni, Pa

GRANER. LADISLAUS PETER. Electrical
Ensitwer. Testing Dept., Electric Spevialty
Co.. Stamford. Cann.

GUNTHER. EARL OLEY. Chic! Elkctirician.
Keanywood Park Corp., 1222 Farmers Bank
Nhdg.. Pittabuarsh. 1™

HALFIN. WALTER. Ekvtrical Tester. Brook-
Iyn-Manhattan Transit Co.. 500 Kent Ave.

LAWRENCE.

Nrookiyn. e Jamakea, N, ¥

HALLOCK. HARKRY A.. lospector Fareman.
Westren Electric Oo.. Ine., 107 B, &th St
Dayton. Ohdo

HAND RICHARD WILLIAM. Enge. \adstant
Bell Tekepbane Co.. 1230 Arch St Phila-
deiphia. Pa. - for mall, Vincland. N J

HANPORD. REGINALD BRUCE. Ivsigning
F.atinorr. General Electric Co.. Schenectady.
NOY

HEISLEY. NEWTON C.. Electrician. Prior &
Sallada Co.. 760 W 415 8t Willlamsport. Pa

HENNEBERRY. PAUL Y. In Charse Instal-
tatlon. Testing Equiptoent. Western Electric
Co.. Inc.. Z20d & Somorset Sts.. Philadel-
phia. Pa.

HENRY. LAWRENCE. Draughteman & Dsig-
ner. Potomac Public Scervice Co.. 14 Public
Squarv, Hagerstown. Md.

HEY D, JAMES THOMPSON. Engx. Assistant,
Bell Telephone Co. of Penna.. 261 N. Broad
S3_. Philadeiphia. Pa.

HUGHES. WILLIAM HOWARD. Junior Engi-
neer. Switch Test, House. Electric Construc-
tion Co.. Ltd.. Walverhampton, Eng.

HURTADO. LUTIS. Director General. Compania
Iadependiente de Lur ¥ Fucrra. Sta. Maria
de la Ribera No. 28 Mexico D. F.. Mex

HUTCHINSON. CHASE. Eaxinecr. Peoples
Tel. & Tel. €%.. 313 Commerce Ave.. Knox-
ville. Tenn.

JENSEN. NILS PAUL
Western Electric Co..
Ne~ York. N. Y.

JOLLEY. LEONARD B. W. Flecwrical Engi-
neer. Resvarch Laboratory. General Electric
Co., Wembley: res.. Richmond. Surrey. Eng.

JUDD. MAURICE FRANK. Draushtsman.
Head Oftice. Hydro-Electric Branch. Public
Works Dept.. Wellington. N. Z.

KAHOE, EDWARD M. Asst. Engineer. Bell
Telephone Co. of Penna.. 261 N. Broad St.,
Philadelphia. Pa.

KEOHANE. JOHN J.. Instrument Designer,
Weston Electrical Instrument Co.. Newark:
res., Bloomfleld. N. J.

KETROSS, JAMES ROBERT. Instrument
Specialist. Laboratory, Duquesne Light Co..
3708 5th Ave., Pittsburgh, Pa.

ROBERT. Enginevr,
Inc.. 463 West St
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KLAAN, GUSTAVE .. Eleetrleal  Deslgnor,
Kleetrle Bond & Shave Co., 65 Broadway
New York, N, Y

*UNEALE, CHARLES KEWLEY, Kklectrleal
Kngincor, Phlladolphin Eloctric Co., 2301
Mavkot Sy, Philadolphin; res., Sharon 11,
Pa.

KRAUS, PAUL TA PPIER, Sonlor Dlstrict
Engineor, Plang Dept.. Bell Tolephone Co.
of Penna,, 1230 Arch St., Philadelphia, °a.

LAMB, FRANX BLIV LRLEY, Consulting Engi-
noer, West Virginia lingineering Co., Charles
ton, W. Va.

LEE, JOHN IHTARSANT, Asst. Lloctrical Kngi-
neer, Hydro-Eleetrie Branch, IPublic Works
Dept., Wellington, N, %.

LENMAN, CLAY HUGHRY Sales  Dept.,
Westinghause Elee, & Nig. Co.. 717 8. 12th
St., St. Louis, \o.

LIES, ARTHUR NICHOLAS. Engineer, Street
Dept., Commonwealth Edison Co., 72 W,
Adams St., Chicago, 111,

LINTOTT, HENRY THOMAS, Chiet Elec-
trician, Paciflc Coust Steel Co., South San
Itrancisco, Calif

MAcGREGOR, JOHN ROY. Engr. of Machine
Switching Equipment, Bell Telephonn Co
of Penna., 261 N. Broad St.. Philadelphia;
res., Ardmore, Pa.

*MACK, LOUIS FOSTER, Western Electric
Co,, Inc., 1100 West York St. Philadelphia,
Pa.

MASKELL, JAMES WILLTAM,
& Erecting Engincer, 4723 N.
Philadelphia, Pa.

MATSUO, HIDEO, Electrical Engincer, Taiwan
Electric Power Co., Taiwan Denryoku K. K.,
Formosa, Japan.

MATSUSHITA, JANMES S., Student, 102 West
123rd St., New York. N. Y.

McBRIDE. BENJAMIIN, Instructor, D. C.
Machinery, Coyne Trade & Engineering
School, 1300 \W. Harrison St., Cliicago;
res., Palatine, [Il.

McCARTHY, JOHN EDWARD, Chief Operator,
Westchester Lightine Co., Eclio Ave. Sta.
New Rochelle; res.. Tuckahoe, N Y.

Consulting
13th St

McDONOUGH, THOMAS JOSEPH., Power
Flectrician, Western Electric Co., Inc.,

Hudson St., New York. N. Y.

McGOWAN, JOHN ALBERT. Senior Distric
Engineer, Bell Telephone Co. of Penna.,
1230 Arch St., Philadelphia: res., German-
town, Pa.

McLENNAN, HARRY THOMAS WALLACE,
City Tramways Engineer, Dunedin Corp.,
Tramways, Market St.. Dunedin, N. Z.

MERLIN, HOWARD ROBERT. Electrical
Research  Engineer, Interborough Rapid
Transit Co., 600 W. 50th St., New York:
res., Brooklyn, N. Y.

MERRICK, CLIFFORD STEVENS, Manaeer
Western Electric Co., Inc., 1100 West
York St.. Philadelphia, Pa.

MIDULLA. BENJAMIN, 24 West 127th
New York. N. Y.

MILLS, SAMUEL ANDREW Inspector, Brook-
Iyn Edison Co., 561 Grand Ave., Brooklyn,
N. Y.

MITCHELL, OSBORNE, SINDEN, Designing
Draftsman, Electrical Sta. Section, Hydro-
Electric Power Commission. 190 University
Ave., Toronto, Ont., Can.

MONK, WALTER WILLIAM, Foreman Shang-
hai Water Works Co., Ltd., Shanghai, China.

*MORGAN, THEODORE H., Electrical Drafts-
man, Great Western Power Co., 530 Bush
St., San Francisco. Calif.

MORRIS, GODWIN, Manager, Crovo Electric
Co., 12 Roosevelt St., New York; res.,
Brooklyn, N. Y.

MUSSELMAN,JOSEPH ALOYSIUS, Electrical
Instrument Dept., Leeds & Northrup Co.,
4901 Stenton Ave., Philadelphia, Pa.

MUSSER, HARRY PLAINE, Consulting Engi-
neer, West Virginia Engineering Co., Charles-
ton, W. Va.

St..

INSTITUTE ANIDY RELATID ACTIVITIES

NAIRY, O1710, lecirlesl nglneer, Scintllla
Muagneto Co., 225 West H7uh St., New York
res., Ithaen, N, Y

NANH, RICHARD LISLLAND, EBloetricinn, 1'oto-

Co., 1dth & C Sis

mace Kloetrle Power
W., Washlngton, 1. €
NAUGLE, JOHN WRANK, Draftsman  and
Deslgner, . 1>, Itoblnson & Co., lue., 125
K. 46th 8t.,, New York. res., Brooklyn,
N. Y

OAKLEY, ROBERT NEWELL, Engg. Assistant,
Philadelpliia Klectrie Co., 2301 Market St.,
Philadetphia, Pa.; res., West Collingswood
N.J

O'LEARY, PATRICK JOSKPII, OfMce Kloe-
trician, Western Union Pelegraph Co., Cable
Station, Bay Roberts, Newfoundland.

OPARIN, BASIL JOHUN, Electrical Draftsman,
Westlnghouse lilec. & Mrg. Co., IKast
Pittsburgh; res., Wilkinsburg, Pa.

ORLEY, GEZA ELEMER, Designer, Stone &
Weobster, Inc., 147 Milk St., Boston, Mass

ORSINI, SANTIAGO, Inspecting Engineer,
Municipal Public Works Division, Dept. of
Interior, San Sebastian, P. R

OTTONELLO, ROBERTO J., Works Engincer
Ottonello-Tibaldi & Co., Rincon 452, Bucnos
Aires, Argentina Republie, 8. AL

PADBIDRI, NARSINGRAO Klectrical
Engineer, Cromptons Bombay, Litd., 35-37
Apollo St., Fort Bombav, India

PALMQUIST, WALTER NELSON, lcetrician,
Northern States Power Co., 630 Ashland
Ave., St. Paul, Miun.: for mail, St. Croix
Falls, Wis.

PANATZER, A. L., Chiel Electrical Engineer,
Ohio Salt Co., Rittman: res., Akron, Olio.

PATTERSON, C. A., District Foreman. W estern
Colorado Power Co. Durango, Colo.

PEDRAZZI, JUAN Supt. of Substations
Mexican Light & Power Co., 2 a de Gante
No. 20. Mexico. D. F., Mex.

PLAZA, IIERNAN DPALMA First Kleetrical
Tnspector, Chilean State Railways, Calle
Viana No. 611, Vina del Mar, Chile, S. A.

PRESTON, LESLIE 11, Journeyman \WVireman,
Portland Railway. Light & Power Co.,
Ilawthorne Bldg., Portland, Ore.

RAY, JOHN A., Electrician. Portland Railway
Light & Power Co., Hawthorne Bldg., Port-
land, Ore.

REEVES, FRANK MAROME, Power Electrical
Engineer, Western Electric Co., Inc., Haw-
thorne Works, Chicago, I1I.

RIANO-GOIRI, FERNAN DO. Chief. Estimating
Dept.. Mexican Light & IPower Co., 2a
de Gante No. 20. Mexico, D, ., Mex.

ROBINSON, RUSSELL WATSON, Distribu-
tion Iingineer, Philadelphia Electric Co.,
2301 Market St., Philadelphia, Pa.

ROSIER, JOHN PAUL. Chief Electrician,
Hudson Coal Co., Wolf Summit- res..
Clarksburg, W. Va,

*ROSS, MALCOLM D., Engineer. Design
Dept.. Westinghouse Elee. & Mfg. Co.,
East Pittsburgh: res.. Wilkinsburg, Pa.

ROWLEY, BURTON EARLE, District Mana-
ger. Edison Electric Appliance Co., 60 East
First South St., Saly Lake City, Urah.

*RUSSELL, LEWIS STERLING, Asst. Super-
visor of Track, Pittsburgh Railways Co.,
600 Sandusky St., Pittsburgh, Pa.

SALZMANN, OTTO MALCOLNM, Erecting
Engineer, Canadian General Electric Co.,
212 King St., W., Toronto. Ont., Can.

SARJEANT, REGINALD Llectrical Engineer,
Riccarton Borough Council. 189 Clarence
St., Riccarton, N, Z.

SLACK, WILLIAM S§., Electrical Engineer
International Machinery Co., Antofogasta,
Chile, S. A.

SMITH, WILLIAM ROY, Tester, Installation
Branch, Western Electric Co.. Inc., Haw-
thorne; res., Chicago. IlI.

SREDENSCHEK, WILLIAM A., Student Engi-
neer, Testing Dept., General Electric Co.,
Schenectady, N, Y.

Journal A |10 K

KDWARD JOAN, Chiet ¥lses
Non

BTIERINAN,
vriclun, Tmporin Ol Rolinerios, 1.
troal, Que Cian

BTORKY, LUK 18, Saperintendent, Itome Gas
& Kleetrle Co., 626 8th Ave., Grenley, (Colo

SUTTLE, KRIEDISRICIK LIRS, 'lant Wngl
noeer, Now York T'clophone Ca., 172 Wulton
St., New York, N Y

SUY DAN, CLINTON ITAMILTON, Kloeteicul
lngineer, Iedoral ‘Polegruph Co., 918 Korr b
Ave., DPalo Alto, Callt

*TARANGER, AIKKISL, Bales Enginear, Wostorn
Eleetrle Norslk A/N, Drammensveion 20,
ICristianda, Norway

TAVIERNIER, HOWARD B., Glectriean!l Draft
man, Commonwealth 1Cdison Co., 72 W
Adums St., Chieago, 1)

THACKERAY, RICHARD McMILLAN, 1) ¢

Lngincering  Dept., General Blectrie Co.
Schencetady, N Y.
THORELL, DAVID, Scrvice Engineer, West-

inghouse Elec. & Mfg. Co., 32 8. PPeoria St
Chicago, 11

THORP., LAWRENCE J., Electrical knginoer,
Western Kleetrie Co., Inc., Chicago, 1)

THVEDT, CHRISTIAN BERNHARD MAR-
TIN, Asst. to Superintendent of Constr,
Dept., United Eleetrie Light & Power ( 0.,
130 K. 15th 8t., New York: res., Brooklyn,
N. Y

ULBRICH, MAX ALFRED, Jr., Power Engi-
neer, New York & Queens Eleetric Light
& Power Co., Bridge Plaza, Long Island
City: res., Rockaway Park, N. Y.

VONDERCRONE, JOHN WALTLER, Telephone
Engincer, Bell Tclephone Co. of Penna.,
1230 Arch St., Philadelphia, Pa.

WALKER, ESCIIOL. LECESTER. Westing-
house Elec. & Mfg. Co., East Pittsburgh;
res., Wilkinsburg, Pa.

WALKER, GEORGE EMERSON, Shift harge
Lingineer. North Metropolitan Electric Power
Supply Co., Willesden, N. W, 10, London,
Eng.

WAYTS, MARTIN ELMAR, Plant Engineer,
International Rubber Co.. Anderson, Ind.

WEINREB, OSCAR, Eleetrical Engr., Acme-
International X-Ray Corp.. 341 WV, Chicago
Ave., Chicago, 111,

*WHEELER, WILLIAM C., Statistical En-
gineer, Railway Motor Engg. Dept., General
Electric Co., Schenectady, N, Y.

*WINJE, SEVERT WILLIAM, Engineer, Lt.
& Pr. Dept., Indiana Service Corp., 122 East
Wayne St.. Fort Wayne, Ind.

WINKLEY, ERASTIS E., Electrical Engineer,

E. E. Winkley & Co., 103 Euclid Ave.,
Lynn, Mass.

WRIGHT, JOHN LAWRENCE, Assistant,
Transmission Dept., Pennsvlvania Power

& Light Co.. Hazelton, Pa.

WYATT, HERBERT ERNEST, Telegraph
Station Klectrician, Western Union Telegraph

Co., Hearts Content, Trinity Bay, New-
foundland.

*ZIMMERER, CECIL WALKER Tester,
Crocker-Wheeler Co., Ampere, N. J.: res..

Brookiyn, N. Y.
Total 158.
*Formerly Enrolled Students.

ASSOCIATES REELECTED OCTOBER 26,
1923

HEILBRUN, RICHARD LUDWIG, Head of
Firm. Dr. Richard Heilbrun, Berlin-Nowawes,
Germany: for mail, New York, N. Y.

STRICKLER, WILL M., Designing Electrical
Engineer, with Albert Kahn, 1000 Marquette
Bldg., Detroit, Mich.

VIPOND, JAMES ELGIN, Draftsman, Kerry
& Chace, Confederation Life Bldg., Toronto,
Ont., Can.

MEMBER REELECTED OCTOBER 26, 1923
SPECHT, HANS CHRISTIAN, Designing Elec-
trical Engineer, Westinghouse Elec. & AMfg.
Co.. East Pittsburgh: res., Wilkinsburg, Pa.

I




{LANGLEY, GORDON R.,

¢ Nov. 1923

'VEMBERS ELECTED OCTOBER 28, 1923

PALLAWAY, CLARENCE ROBERT, Vice-
President and Chief Engineer, Gurney
Elevator Co., 300 Eighth Ave.,, New York,
N. Y.

'JEATH, LESLIE O., Sales Dept., Leeds &
Northrup Co., 4901 Stenton Ave., Phila-
delphia, Pa.

MAILLARD, ALBERT LUDOVIC, Electrical
Engineer, Fuller & Maitland, 600 Walnut
St., Kansas City, Mo.

PEARCE, JAMES GEORGE, Research En-
gineer, Metropolitan-Vickers Electrical Co.,
Ltd., Trafford Park, Manchester, Eng.

TRANSFERRED TO GRADE OF FELLOW
OCTOBER 26, 1823

FULLER, LEONARD F., Radio Engineering
Dept., General Electric Co., Schenectady,
N. Y.

Switchhoard Dept.

Canadian General Electric Co., Peterboro,

Ont., Can.

TRANSFERRED TO GRADE OF MEMBER
OCTOBER 26, 1923
HELLENTHAIL, JOSEPH, Supt. of Trans-
mission, Puget Sound Power & Light Co.,

Seattle, Wash.

KRANZ, HERMANN E., Development En-
gineer, Western Electric Co., Inc.,, Haw-

thorne Station, Chicago, Tl

MELVIN, H. L., Electrical Engineer, Wash-
ington Water Power Co.. Spokane, Wash.

MILNOR, JOSEPH W., Research Engineer,
Western Union Telegraph Co., New York,
N.Y.

MONTGOMERY, THEODORE D., Eastern
District Manager, Cutler-Hammer Mfg. Co.,
New York. N. Y.

SHACKLETON, S. P., Engineer, American
Telephone & Telegraph Co., New York, N.Y.

TIKHONOVITCH, BENEDICT, Electrical En-
gineer, Enginecring Dept., New York Edison
Co., New York, N. Y.

YENSEN, TRYGVE D. Research Engineer,
Westinghouse Resrarch Laboratory. wW. E.
& M, Co., East Pittsburgh, Pa.

RECOMMENDED FOR TRANSFER
The Board of Examiners, at its meeting held

October 22, 1923, recommended the following

members of the Institute for transfer to the grades

of memhership indicated. Any objection to these
transfers should be filed at once with the

Secretary.

To Grade of Fellow

PETERS, JOIIN FINDLEY, Technical Assist-
ant ‘T'ransformer Iingineering Pept., Westing-
house Electric & Mfg. Co., East Pittshurgh,
Pa

To Grade of Member

ALEXANDER, PETER P., Research Engineer,
Thomson Research Laboratory, General
Klectric Co., West Lynn, Mass.

BECKYTT, B. ., Consulting Electrical Engi-
neer, San KFrancisco, Calif.

CANAVACIOL, FRANK ., instructor. Depart-
ment of Kleetrical Kngincering, Polytechnic
Institute, Brooklyn, N. Y.

CURTIS, MARSTON,
Duluth, Minn.
GARMAN, IHARRY 0., Consulting Engineer,

Inddanapolis, Ind.

HALEL, GEORGE K., Ticctrical
Canada  Carbide Co.,
Quebee

HARWOOD, PAISLEY B., lilectrical Knginecr,
Cutler-Hammor Mfg, Co., Milwaukoe, Wis.

LILWIH, JOSKEPIL FRAZLIKGRKR, Assistant (o
Manager, Pringle Blectrical Mg, Co., Phila-
delphla, Pa.

MEYER, BDERBISRT W, Statistical Xnginocer,
Northern States Power Co., Minncapolis,
Minn

General  Electric Co.,

Iinginecr,
Shawinigan Fally,

INSTITUTE AND RELATED ACTIVITIES

APPLICATIONS FOR ELECTION
Applications have been received by the Sec-
retary from the following candidates for election
to membership in the Institute. Unless other-
wise indicated, the applicant has applied for ad-
mission as an Associate. If the applicant has
applied for direct admission to a higher grade
than Associate, the grade follows immediately
after the name. Any member objecting to the
election of any of these candidates should so
inform the Secretary before October 31, 1923.
Aburto, V., Mexican Light & Power Co.. El Oro,
Mexico
Aguilar, J., Mexican Light & Power Co., El Oro,
Mexico
Allen, R. W., Narragansett Electric Lighting Co.,
Providence, R. I.
Anzini, D. I., General Electric Co., Schenectady,
N. Y.
Bates, S. P., General Electric Co., Pittsfield, Mass.
Beall, I. V., U. 8. 8. Coast Guard, "U. 8. 8.
Morrill,"”” Detroit, Mich.
Bell, St. J. E., General Electric Co., Schenectady,

N. Y.

Bider, B., Allis-Chalmers Mfg. Co., Milwaukee,
Wis.

Bofinger, P. R., Allis-Chalmers Mfg. Co., Mil-
waukee, Wis.

Boicourt, E. H., Iowa Light & Power Co., Rock-
well City, Iowa

Brunnock, D. J., Brooklyn Edison Co., Brooklyn,
N.Y.

Buckley, A. F., res., 111 W. 188th St., New York,
N.Y.

Buell, W. G., Bureau of Pr. & Lt., City of Los
Angeles, San Pedro, Calif.

Byl, D. H., General Electric Co., Schenectady,
N.Y.

Cabot, G. E., Partner, Cabot, Cabot & Forbes,
Boston, Mass.

Cantrall, O. L., General Electric Co., Atlanta, Ga.

Carr, H. F., General Electric Co., Schenectady,
N. Y.

Casper, R. M., Westinghouse Elec. & Mfg. Co.,
E. Pittshurgh, Pa.

Chevallier- Rufigny, J., International
Electric Co., Schenectady, N. Y.

Churchill, Q. F., with Wm. C. Olsen. Kingston,
Nz Cs

Clevenstine, G. G.. Electric Power Equipment
Corp., Philadelphia, Pa.

Cole, M. T., Dwight P. Robinson & Co., Inc.,
New York, N. Y.

Dormont, J., General Electric Co., Pittsfield,
Mass.

Dyson, W., Georgia School
Atlanta, Ga.

Eccardt, M., Jr., Polar Wave Ice & Fuel Co.,
4¢. Louis, Mo.

Eltiott, P., General Electric Co., Pittsfleld, Mass.

Ellis, B. 0., (Membher), Construction Engineer
New York, N. Y.

Farr, A. E., Waitsfleld & Fayston Telephone Co.,
Waitsfleld, Vt.

Tarrand, Van 1)., Westorn Union Tel. Co., Salt
Lake City, Utah

Flinchhaugh, L. ., New York State Railways,
Rochester, N. Y.

Fuchs, W.. A. BB. See Klovator Co., New York,

General

of Technology,

N.Y

George, H. K., Consumers Power Co., Jackson
Mich.

Gracey. A. I, Bell Telephone Co. of Pa., Phila-

delphia, a.

MHale, 1. 0., Westinghouso Elec. & Mfyg. Co.
Wiltkes-Barro, Pa.

Hart, H., 8. & II. Electrical Works, Chicago, Ill.

Haywood, W. ¥, T'ol. & 'fPel. Co.,
S8t. Lonis, Mo,

Hollwlg, 1. O, res., 1229 CUbampa St Donver,
Colo.

Herrick, I’ 3., Klociric Motor Engineoviog Co.,
Milwanlkeo, Wis.

Hil, 11, 0., Rltor-Conley Co., Pittsburgh, Pa.

Hingman, 1. A.. Tlec. Supt., Harry Al Hanft,
New York, N. Y

Amuorican

1239

Hobart, J. E., McClellan & Junkersfeld, Inc.
E. St. Louis, Il

Hoppe. E. A., General Electric Co., Schenectady’
N.Y.

Hubbard, H. 8., General Electric Co., Pittsfleld,
Mass.

Huxford, J. H., Jr.. General Electric Co., Schenec-
tady, N. Y.

Jackson, F. W., American Appraisal Co., Milwau-
kee, Wis.

Jacobs, L.; res., 1130 Union Ave.,
N.Y.

Jones, E. W., (Member), Kansas State Teachers
College, Pittsburgh, Kansas

Kirkwood, R. F., General Electric Co., Pitts-
fleld, Mass.

Knoderer, C. L., American Tel.
Philadelphia, Pa.

Keetzle, J. J., Westinghouse Elec. & Mfg. Co.,
Huntington, W. Va.

Larabee, A. E., (Member), Major, Signal Corps.
U. 8. A., Washington, D. C.

Leavitt, H. J., Montpelier High School, Mont-
pelier, Vt.

Lennox, T. C., General Electric Co., Pittsfleld,
Mass.

Littlewood, H. S., Westinghouse Elec. & Mfg. Co.,
E. Pittsburgh, Pa.

Longbottom, C. M., Westinghouse Elec. & Mfg.
Co., Pittsburgh, Pa.

Mackay, G. M. J., General Electric Co., Schenec-
tady, N. Y.

Marshall, L. R., Southern Canada Power Co.,
Montreal, Que.

MecDonell, F. W., New York Edison Co., New
York, N. Y.

McGlone, J., American Tel.
York, N. Y.

McKee, P. B., California Oregon Power Co.,
Medford, Ore.

McLaughlin, E. F., (Member), General Electric
Co., Atlanta, Ga.

Molinet, E., Cuban American Sugar Co., Oriente,
Cuba

Moxley, W. F., (Member), Glen Alden Coal Co.,
Scranton, Pa.

Muffley, R. U., (Member),
Utilities. Seattle, Wash.

Nakashima, 7T. Hamamatsu Tech. College,
Hamamatsu, Japan, New York, N. Y.

Nemkowski, Boruch M., Westinghouse Elec. &
Mfg. Co., Newark, N. J.

Nolte, F. W., West Penn Power Co., Weirton,
W. Va.

Ost, P. J., (Member), Asst. City Engineer, San
Francisco, Calif.

Owsley, J. II., Puget Sound Power & Light Co.,
Seattle. Wash.

Parry, R. Ii. R., General Electric Co., Schenec-

New York,

& Tel. Co.,

& Tel. Co., New

Washington Coast

tady, N.Y.
Pawson, P. N., Bradford Dyeing Ass'n., Bradford,
R. I

Poterson, IF. W., Westinghouse Elec. & Mfg, Co.,
New York, N. Y.

Pilieger, J. A., Philadelphia Electric Co., Phila-
delphia, Pa.

Pierce, R. T., Westinghouse Elec. & Mfg. Co.,
E. Pittsburgh, Pa.

Pierson, W. M., Adirondack Power & Light Corp.,
Schenectady, N. Y.

Pik, J., ¢/o Czechoslovalk General Consulate,
Now York, N. Y.

Pliego, M., Mexican Light & Power Co., Il Oro,
Moaoxico

Pulsford, J. A.,
Nawark, N. J.

Putman, . V., tdeal Electric & M. ( lo., Mans-
flold, Ohilo

Randolph, A. I, (Membor), Publle Service
Production Oo., Nowark, N. .J.

RRando!ph, R. E., Staten Island Shipbullding Co.,
Mariners’” Harbor, N. Y.
iteznleok, J., Wostinghouso Elec.

15, Pittgburgh, I"a.
P., Allls-Ohalmers MI(g.,

Public Service Electric Co.,

& Mf}l Co.

Reyskoy, J.
Wis.

W. Allls,



INSTITUTE AND RELATED ACTIVITIES

1240

Roser, J. O. L., General Electric Co., Plttstield,
Mass. rq

Rouse, G. I1., Gonoeral Electric Co., Pittstleld,
Mass.

Rudd, wW. C., (Member), with Geo. W. Hubley,
Louisville, Ky.

Schouw, E. J., Allis-Chalmers Mfg. Co., W. Allis,
Wis.
Schultz, A. S., Western Electric Co., Inc., Phila-

del

phia, Pa.

Shaw, A. E., Jr., Electrical Engincer, Brooklyn,

N.

Y.

Shepherd, H. E., John B. Stetson University,

De

Land, Fla.

Shive, E. H,, Philadelphia Electric Co., Philadel-
phia, Pa.
Slaughter, N. H., (Member), Western Electric

Co., New York, N. Y.

Smart, H. J., General Electric Co., Pittsfield,
Mass.

Snyder, L. G., Consumers Power Co., Jackson,

Mich.

Steinbach, H. 1,_, Westinghouse Elce. & Mfg. Co.,
Cleveland, Ohio

8tewart, S. F., Mass. Institute of Technology,
Boston, Mass.

Straus,

F. N., Westinghouse Elecc. & Mfg. Co.,

E.Pittsburgh, Pa.

Ca

Tallman, J. J., Union Lumber Co., Ft. Bragg,
lif.
,H.R., Olds Motor Works, Lansing, Mich.

Walker
Walter,

Co
Webste

C. F., Northern Ohio Traction & Light
.. Kenmore, Ohio
r, J. 8., Puget Sound Power & Light Co.,

Seattle, Wash.

‘Whitne
tio

Wickel,

r, J., South-Eastern Underwriters Associa-
n, Atlanta, Ga.
F. A, M. S. “Missourian,” A. H. S. S.

Co., San Francisco, Calif.
Wiggen, E. C., Portland Railway, Light & Power
Co., Portland, Ore.

‘Woods,

J. C., Commonwealth Edison Co.,

Chicago, Ill.
Wormull, S. J., Siemens Bros. & Co., Ltd., Winni-

peg, Canada
Total 106.
Forecign
Connolly, W. H., State Electricity Comm. of

Victoria, Melbourne, Aus.
Gerhart, J. J., Braden Copper Co., Rancagua,
Chile, S. A.

Grente,

Bal

Kennedy, P., State Engineer, Postmaster Gen »

F., Energia Electrica de Cataluna,
rcelona, Spain

eral’'s Dept., Perth. W. Australia
Okey, J. N. L., Woof & Salvesen, Christchurch,

N.

Z.

Perkins. H. W., Australian General Electric Co.,
Melbourne, Aus.

Thom, C. E., Vacuum Oil Co., Pty., Ltd., Mel-

bo

urne, Victoria, Aus.

Weddell, J. A., Braden Copper Co.. Rancagua,
Chile, 8. A.

Total 8

STUDENTS ENROLLED OCTOBER 26,

17381
17382
17383
17384
17385
17386
17387
17388
17389
17390
17391
17392
17393
17394
17395
17396
17397
17398
17399
17400

1923
Smith, Ray L., Kansas State Agri. College
Bacon, Robert E., Northeastern Univ.
Field, Howard M., Syracuse University
Crockett, Elton G., Northeastern Univ.
Soreff, Joseph, Mass. Inst. of Tech.
Clark, Raymond E., Univ. of Kentucky
Byers, John E., University of Kentucky
Loftus, John B., Univ. of Kentucky
Layman, James H.. Univ. of Kentucky
Ginocchio, Charles V., Univ. of Kentucky
Scott, Clarence E., Univ. of Kentucky
Russell, James R., Univ. of Kentucky
Stoesser, Raymond A., Univ. of Kentucky
Taylot, I. Forrest, Univ. of Kentucky
Wile, Daniel D., University of Kentucky
Payntz, William L., Univ. of Kentucky
Barnett, Nugent M., Univ. of Kentucky
Page, G. R., Univ. of Kentucky
Ramsey, Dell M., Univ. of Kentucky
Mustafa, Syed, University of Illinois

17401
17402
17403
17404
17405
17406
17407
17408

17409
17410

17411

17412

17413

17414
17415
17416
17417
17418

17419
17420
17421
17422
17423

17424
17425
17426
17427
17428
17429
17430
17431
17432

17433
17434
17435
17436

17437

17438
17439

17440

17441
17442
17443
17444
17445
17446
17447
17448
17449
17450
17451
17452
17453
17454
17455
17456
17457
17458
17459
17460
17461
17462
17463
17464
17465
17466
17467
17468
17469
17470
17471
17472
17473
17474
17475

Haines, Alvin B., Xansas State Agri. Coll.
Moars, Roy M., Kansas State Agri. Coll.
Wecks, Everott J., I{ansas State Agri. Coll.
Plank, Goorge A., Kansas State Agrl. Coll.
Scott, Walter I'., Rutgers Collego
Cromloy, Ilarry, Rutgers ( ollege
Hobart, George A., Rutgers Collego
Chappell, Matthew, Rhode Island State
College
Barker, Edward H., Northeastern Univ.
MeKimens, Georgo J., Kansas State Agri.
Coll.
Cabacungan, Esteban A., Kansas State
Agri. Coll.
Wichman, Edward W., Kansas State Agri.
Coll.
Hybskmann, Vance L., Kansas State Agri.
Coll.
Rehberg, Alex F., Kansas State Agri. Coll.
Swales, James K., Kansas State Agri. Coll.
Schiifmayer, Francis, Rutgers College
Ehrke, Louis F., Stevens Inst. of Tech.
Eggenberger, John B., Stevens Inst. of
Tech.
Sanial, Arthur J., University of Illinois
Hull, Randolph M., Northeastern Univ.
Davis, George ., Mass. Inst. of Tech.
Heim, John W., Pennsylvania State Coll.
Fitzburgh, William J., Stevens Inst. of
Technology
Koeble, Emmett H ., Marquette University
Stodola, Frank, Marquette University
Lee, Leung Y., Marquette University
Wareing, Herbert F., Marquette Univ.
Legler, Clarence H., Marquette Univ.
Smith, Marcellus J., Marquette Univ.
Mockus, Josgph J., Marquette Univ.
Dennett, Hugh F., Marquette University
Van Den Wymelenberg, Clement, Mar-
quette University
Holback, Ralph H., Marquette University
Petranek, James J., Marquette University
Curry, Thomas T., Marquette University
Weidenbach, Glen O.. Kansas State
Agricultural College
Mcllvain, Randall B., Kansas State Agri-
cuitural College
Boroff, Roy E., Kansas State Agri. Coll.
Carter, Sherman H., Kansas State Agri-
cultural College
MceKibben, Wayne E.,
Agricultural College
Engeset, E. D., Marquette University
Patience, A. Melbourne, Toronto TUniv.
Griebling, Edward W ., Rutgers College
Bevan, James E., Lehigh University
Seeman, Frederick C., Jr., Lehigh Univ.
Holzshu, Charles D., Lehigh University
Grieb, Conrad K., Lehigh University
Allen. Walter R., Lehigh University
Ratajczak, F. X.. Lehigh University
Keller, Francis R., Lehigh University
Leavens. William B ., Jr., Lehigh University
Brown, Ernest K., Lehigh University
Binkley, Edward L., Lehigh University
Berger, Francis J., Lehigh University
Winster. Luther C., Lehigh University
Avyres. Clarence C., Jr., Lehigh University
Krazinski, Leo C., Lehigh University
Pineda U., Luis G., Lehigh University
Beck, Frederick C., Lehigh TUniversity
O’Brien, William C., Lehigh University
Parker, Norman D.. Jr.. Lehigh University
Curtis, E. A., Lehigh University
Fister, Lee H., Lehigh University
Wolcott, Leslie C., Lehigh University
Bokum, William H., Lehigh University
Rorabaugh, Merrill S., Lehigh University
Paone, Anthony, Iowa State College
Paxton, Ralph E., Iowa State College
Horner, Arthur R., University of Penn.
Dean, Joseph M., University of Towa
Johnson, George C., University of Iowa
Heimbach, Arthur E., Penn. State Coll.
Wing, Orlando H., University of Wisconsin
Brown, Frederick C., University of Maine
Carman, Willard A., Northeastern Univ.

Kansas State

17470
17477
17478
17479
17480
17181
17482
17483
17484
17485
17480
17487
17488
17489
17490
17491

17492
17493
17494
17495
17496

17497

17498
17499
17500
17501
17502
17503
17504
17505
17506
17507
17508
17509
17510
17511
17512
17513
17514
17515
17516
17517
17518
17519
17520
17521
17522
17523
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17556
17557
17558

Journal A. 1. K. K.

Scehwab, WHllam N., Univ. of Kentucky
Helburn, L. B., Universlty of Kontucky
Spitman, Charles M., Univ. of Kentucky
Smith, Robort k., University of Kentucky
Gray, John L., University of Kontucky
Lowis, Alex D., University of Kentucky
Biosca, Louis If., Syracuse University
Bowman, Curtis I¥., Syracuse University
Chalupa, Paul B., Syracuse University
I'ilsinger, Klmer II., Syracuse University
Hall, Ilenry J., Svracuso University
Langworthy, Reuben 8., Syracuse Univ.
Prosser, Raymond A ., Syracuse University
Woese, Carl Frank, Syracuse University
Savage, J. Kenneth, Syracuse University
MacDonald, William R., Jr., University
of Maine
Maurette, Rene G., Northeastern Univ.
Jones, Albert E., University of Maine
Ong, Benedict C., Univ. of Notro Dame
Reilly, Austin V., Univ. of Notre Dame
Heywood, Anderson H., Northeastern
University
Klingeschmitt, I.
North Carolina
Dunn, Warren S., Rutgers College
Seibut, George, Rutgers College
Brule, McLeah A., Univ. of Notre Damo
Harker, Donald C., Mass. Inst. of Tech.
Long, Edward H., Mass. Inst. of Tech.
Peters, Jacob C., Jr., Penn. State College
Stoker, Elmer F., Ohio Northern Univ.
Hranae, Frank V., Univ. of Nebraska
Haines, John E., University of Nebraska
Edgerton, Harold E., Univ. of Nebraska
Mace, Emory M., Univ. of Nebraska
Funk, Paul V., Ohio Northern University
Yerigan, Marion C., Ohio Northern Univ.
Fulks, James K., Ohio Northern Univ.
Stumpf, Frank C., Ohio Northern Univ.
Ring, Joseph )., Ohio Northern Univ.
Fresen, Martin ., Ohio Northern Univ.
Woolever, Alfred E., Ohio Northern Univ.
Chittick, Kenneth A., Rutgers College
Thompson, George E., Mass. Inst. of Tech.
Wild, Earle, Mass. Inst. of Tech.
Brown, Leland P., Univ. of North Carolina
Coflin, David D., Harvard University
Packard, Mansfield M., Univ. of Maine
Irish, Clifford V., University of Maine
Brewster, Meredith W., Mass. Institute
of Technology
Stolte, Albert M., Mass. Inst. of Tech.
Lyons, George W ., Univ. of Illinois
Krueger, David E., Univ. of Illinois
West, Harold, Mass. Inst. of Tech.
Finch, Carl V., Montana State College
Cowan, Jack A., Montana State College
Thomas, Everett J., Univ. of Wisconsin
Turner, Elmer A., Northeastern Univ.
Morley, Frank W., Northeastern Univ.
Donker, Donald M., Univ. of Michigan
Fenton, Almon N ., Univ. of Michigan
Johnson, Walter C., Univ. of Michigan
Poole, Merlin L., Univ. of Michigan
Starr, Leo R.. University of Michigan
Wolif, Leo, University of Michigan
Vielmett, Clarence A., Univ. of Michigan
Stephens, Orville W., Univ. of Michigan
Sifritt, Kenneth McK., Univ. of Michigan
Stirton, William E., Univ. of Michigan
Robertson, Buruis L., Univ. of Michigan
Osmun, Howard M., Univ. of Michigan
Latson, Merle D., Univ. of Michigan
Kooyoomian, Martin C., Univ. of Mich.
Jones, Ralph W., Univ. of MMichigan
Dorff, Louis A., Univ. of Michigan
Case, Harlow M., Univ. of Michigan
Bonninghausen, Hugo, Univ. of Michigan
Burrows, Charles R., Univ. of Michigan
Brown, Lewis M., Univ. of Michigan
Davidson, Robert C., Yale University
Downing, William C., Yale University
Hofmann, Frederick, Yale University
Hutcheraft, A. Stephens, Yale University
Mermin, John, Yale University
Newberg, Carl W., Yale University

C., University of
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17559 Randall, Henry, Yale University 175890 Bushey, Dwight C., Kansas State Agri- 17608 Feuchter, William M., Syracuse Univ.
17560 Skinner, Orville B., Yale University cultural College 17609 Greis, Winiford K., Syracuse p’mv..
17561 Spring, Ernest W., Yale University 17500 Axtell, Harold B., Kansas State Agricul- 17610 Haeisler, J. Roland, - Syracuse Umve:rsw,\t
17562 Wilcox, Harry A., Jr., Yale University tural College 17611 McKinley, Reid B., Syracuse Unxversxty
17563 Baker, Albert 8., Yale University 17591 Phares, Clifford W., Kansas State Agri- 17612 Puls, Roy F., Syracuse Un?versﬂ;y

17564 Brosler, Edward, Yale University cultural College 17613 Reed, Ray J., Syracuse Unfvers%ty

17565 Caldwell, Samuel P., Yale University 17592 Storer, Sheldon B., Kansas State Aeri- 17614 Roy, Jack, Syracuse University

17566 Cureton, Thomas K., Jr., Yale University cultural College 17615 Ruch, Allen M., Syracuse University .
17567 Wynne, Walter M., Yale University 17593 Kuhlman, Elmer C., Kansas State Agri- 17616 Schweinberger, Arthur A., Syracuse Un%v.
17568 Rowe, Stuart B., Yale University cultural College 17617 Winkworth, Kenneth M., Syracusg Univ,
17569 Biach, John L., Yale University 17594 Hill, Raymond M., Kansas State Agri- 17618 Clair, John A., Syracuse University.
17570 Wheeler, William R., Mass. Inst. of Tech. cultural College 17619 Hadley, R. H., University of Colorado
17571 McClure, Robert B., Purduc University 17595 Schemm, Christian W., Kansas State 17620 McCanne, W. Gerald, Jr., Univ. of Colo.
17572 Harrell, Frederick E., Purdue University Agricultural College 17621 Barth, Albert H., University of Colorado
17573 Brown, P. F., Purdue University 17596 Garratt, Willis E., Kansas State Agricul- 17622 Hughes, Harold H., Univ. of Colorado
17574 Lentz, Samuel S., Purdue University tural College 17623 Sutherland, Daniel J., Univ. of Colorado
17575 Brion, A. A., Purdue University 17597 Bennett, Howard O., Kansas State Agri- 17624 Hamilton, Julius G., Univ. of Cclorade

17625

Sayler, Ernest V., Univ. of Colorado

17576 Davis, John M., Purdue University cultural College

17577 Sudranski, Lester L., Purdue University 17598 Schutte, Leo H., Kansas State Agricul- 17626 Wallis. Lynn B., Univ. of Colorado
17578 Willis, French H., Purdue University tural College 17627 Miller, Orville V., Univ. of Colorado
17579 Mills, Simpson B., Purdue University 17599 Arnold, Mark W., Kansas State Agri- 17628 Roys, H. E,, University of Colorado

17580 Schafer, Kenneth M., Purdue University cultural College 17629 Ford, J. Alexander, Rutgers College
17581 Sese, E. J., Ohio Northern University 17600 Wege, Harry R., Kansas State Agricul- 17630 Neary., John 8., Jr., Rutgers College
17582 Parucker, R. E., University of Wisconsin tural College . 17631 Hunkins, Harold R., Brooklyn Pply. .Inst.
- . 17601 Berry, Theodore M., Kansas State Agri- 17632 Burns, Arthur F., Syracuse University
17583 Schram.m, FFedenc B., Case School of cultural College 17633 Brown, Lloyd C., State Coll. of Washington
Apx?lled Science 17602 Wimer, Loyal V., Kansas State Agri. Coll. 17634 Huston, Robert D., Univ. of Maine
17584 Schmidt, John H., Penn. State College 7603 Gash. Arnold B., Kansas State Agri. Coll. 17635 Driscoll, Merwyn R., Univ. of Maine
17585 Boyer, Glenn C., Montana State College 17604 Piepho, Edward E.. Mass. Inst. of Tech. 17636 Sargent, Harold D., Univ. of Maine
17586 Lou, Howard, University of Colorado . 17605 Swinehart, Allen L., Ohio Northern Univ. 17637 Turner, Otto C., University of Maine
17587 Winters, Ralph N., Penn. State College 17606 Schreiber, Frederick C., Penn. State Coll. 17638 Handy, John E., Mass. Inst. of Tech.
17588 Sinnett, Chester M., University of Maine 17607 Clarke, Albert H., Syracuse Univ. Total 258
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| DIGEST OF CURRENT INDUSTRIAL NEWS

NEW CATALOGUES AND OTHER PUBLICATIONS
Mazled to interested readers by tssuing companies

Motors.—Bulletin 2014, 32 pp. Describes type “T" heavy
duty motors for direet current. The Reliance Electric &
Engineering Company, 1088 Ivanhoe Road, Cleveland, Ohio.

Motors.—Bulletin, 12 pp. Describes squirrel-cage induection
polyphase motors. New price sheets of this type motor,
effective October 1, 1923, are also available. Century Electric
Company, 1827 Pine Street, St. Louis, Mo.

Diesel Engines.—Catalog 805, 32 pp. Describes Fulton
Diesel engines, showing actual installations in the field and
picturing each successive step in their erection, Fulton Iron
Works Company, 1259 Delaware Avenue, St. Louis, Mo.

Electrodes.—Bulletin, 6 pp. Describes the Soderberg
continuous self-baking electrode for use in stationary and
tilting electric furnaces.” Electric Furnace Construction Com-
pany, 1015 Chestnut Street, Philadelphia, Pa.

CO; Meter.—Catalog 30, 8 pp. Describes a new CO, meter
which measures electrically the percentage of COs in flue gas.
The instrument works on the principle of the difference in thermal
conduetivity of various gases instead of on the principle of
chemical analysis. The Brown Instrument Company, Wayne
& Windrim Streets, Philadelphia, Pa.

Motors.—Bulletin 134, 4 pp. Describes the Fynn-Weichsel
motor, a radieally new type of constant-speed alternating-current
motor, which it is claimed combines all the desirable character-
isties of both the slip-ring induction motor and the synchronous
motor, and yet possesses none of their most objectionable
features. Wagner Electric Corporation, 6400 Plymouth Street,
St Louis, Mo.

Tachometers, Recording and Indicating.—Bulletin 317,
32 pp. Two types of tachometer equipment are deseribed in
this bulletin, the pneumatic and electric. The recording
tachometer provides reliable measurement and complete record
of speed, which is automatically traced on a paper chart. These
records show actual speeds as they take place, together with
time of occurrence. The Bristol Company, Waterbury, Conn.

Transformers.—Bulletin 2023, 4pp., describing pressed
steel cases for distributing transformers. Bulletin 2026 is an
interesting description of the method of transporting trans-
formers to their destination in the Sierra Madre Mountains of
Mexico, and illustrates some of the difficulties of delivering
exported electrical equipment. Bulletin 2027 describes the
installation of two 15,000 kv-a. polyphase transformers. Pitts-
burgh Transformer Company, Columbus & Preble Avenues,
Pittsburgh, Pa.

NOTES OF THE INDUSTRY

Radio Transformer.—The Killark Electric Manufacturing
Company, St. Louis, Mo., has placed on the market a new
radio frequency amplifying transformer designed for use with a
loop, and made in three different types for one, two or three
stages of radio frequency amplification.

The Gibb Instrument Company, of Bay City, Michigan,
manufacturers of electric welding equipment, has appointed
H. A. Wilson manager of the Detroit branch, vice F. M. Luchs,
resigned. Mr. Wilson was formerly district manager for
A. P. Munning & Company, of New York.

The Production of Porcelain for Electrical Insulation.-
A paper by Frank H. Riddle, Director of Research, Champion
Porcelain Company, Detroit, Mich.,, which appeared in
seven installments in the JourNAL of the A. I. E. E., completed
with the October issue, is available in reprint form, and copies
will be sent to interested readers upon application to the Jeffery-
Dewitt Insulator Company, 50 Church Street, New York.

Anti-Friction Bearings in the Steel Mills.—A paper
51 pp. by A. M. MacCuteheon, Chief Engineer, Reliance Electric
& Engineering Company. Describes the use of ball and
roller bearings in cleetrical machinery and the experiences of
users and manufacturers. The paper was presented hefore the
Association of Iron and Steel Electrical Engineers, and includes
the discussion on the subject. Copies may be obtained from
the Reliance Electric and Engineering Company, 1088 Ivanhoe
RRoad, Cleveland, Ohio.

The Valley Electric Company, St. Louis, Mo., manufacturers
of single-phase and polyphase ball hearing motors, rectifiers and
other electrical products, has appointed E. W. Martin as
Chicago District Manager. Mr. Martin was previously con-
nected with the Westinghouse Electric and Manufacturing
Company for a number of years in various eapacities.

The appointment of C. L. Krentz in the sales department at
the home office in St. Louis is also announced by the Valley
Electriec Company.

The Link Belt Company, Chicago, Ill., has announced the
purchase of the Meese & Gottfried Company, of San Franeisco,
Los Angeles, Seattle and Portland. The Meese & Gottfried
Company, and its predecessors, have been manufacturers of
power transmission machinery and distributors of conveying and
transmission machinery on the Coast for more than forty years.
It is the intention of the new owners to add to the facilities and
enlarge present stocks so that prompter service to its customers
will be insured. The new organization will he known as Link-
Belt Meese & Gottfried Company, with headquarters at San
I'rancisco. Charles Piez is Chairman of the Board of the new
Company.

The Norma Company of America has placed contracts for
the erection of the first unit of its new plant at Stamford, Conn.
The property acjuired consists of seventeen acres of land, and
the buildings now under construection will be of one-story, saw-
tooth roof type oceupying about 60,000 square feet of space.
The company’s present plant at Anable Avenue, Long Island
City, N. Y., will be continued for the production of Norma
precision open type annular ball bearings. The Stamford plant
will be equipped for the manufacture of Hoffman precision ball
bearings, the American rights to which, as also to all other
Hoffman products, were recently acquired by the company.
The plant will also be equipped for the expansion of the
manufacture of Norma precision bhall bearings.

The Champion Switch Company, incorporated in Ohio, has
been formed with the following: officers: F. D. Stranahan,
President; R. A. Stranahan, Vice-President; R. W. Lillie,
Vice-President and Sales Manager; J. F. Sinclair, Treasurer
and General Manager; W. W. Hoffman, Secretary and W. L.
Stinson, General Superintendent. The company has taken
under lease plants owned by the Ferguson Shiphuilding Com-
pany, 550 Abbot Road, Buffalo, N. Y., and will manufacture
high and low tension switching equipment, consisting of dis-
connecting switches, bus supports, choke coils, etc. It has
been difficult for manufacturers to obtain insulators suitably
designed for use with this elass of equipment. The Champion
Switeh Company enjoys an association with the Jefferv-DeWitt
Insulator Company to the extent that porcelains have been
especially designed to conform with the exacting standards
determined by the advancement of substation and transmission
lines. The method of attaching mechanical devices to the
insulators is new and novel and creates a unit type design.
Many improvements have been made in the design and operation
of the switchgear itself. Standardization and interchange-

ability of parts has been one of the principal objectives in
designing the apparatus.
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Jime is the great test
Jhe most efficient and

Jpermanent insulation
known is

KERITE

KERITE BiSVLATER COMPANY

NEW YORK CHICAGO

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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IRVINGTON INSULATION
Means Longer Life for Electrical Equipment

Since 1905, the Irvington Varnish & Insulator Co. has been
the leading manufacturer of varnished insulating products.
As a result, today the majority of high tension insulated wires
and cables are protected by Irvington black varnished cambric.

To maintain its leadership as the largest manufacturer of
varnished cambric in the world, this company has continually
improved its products and enlarged its line.

Hence [rvington Products now meet your requirements 1009,.
They include every kind of insulation manufactured: cloth,
paper, liquid, tubular and solid.

lrvington Varnished Silk is
made to meet your specifi-
cation, for magnetos and all
fine instrument work where
a maximum dielectric
strength is required with a
minimum thickness.

Also, by the recent acquisition of the exclusive selling agency
of the Harvey Wire Company, Newark, N. J., the Irvington
Varnish and Insulator Co.! now offers, in sizes 20 to 40, in-
clusive, Enameled Wire, Silk Covered Enameled Wire and
and Cotton Covered Enameled Wire.

Irvington Standards are maintained in the new line.

IrvineTOoN VARNISH & INsurLator ©
Irv%l{g{on,ne_vgersef

Varnished Cambric tape—
black and yellow.

Estabiished 1905

Sales Representatives:

Mitchell-Rand Mfg. Co., New YorlS{ 0 Consumers Rubber Co., Cleveland
T. C. White Electrical Supply Co., St. Louis .

E. M. Wolcott, Rochester Claém & fI],amo ee, Los Angeles

L. L. Fleig & Co., Chicago F. C. Scofleld, Toronto

ABSOLUTELY
FIREPROOF
FACTORY

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Minimum Attention Required
By Ball-Bearing Equipped Electric Motors

ITH Skayef self-aligning ball bear- bind, heat or develop appreciable wear

ings on the rotors of rotating elec- in service when properly housed. Thus
trical machinery maintenance and repairs the electrical elements of a ball-bearing
are reduced to a minimum. equipped motor are protected against
Ball-bearing housings can be more sat- short-circuits and other damage due to
isfactorily arranged for the retention of dropped armatures.

the lubricant and the exclusion of foreign
matter than can plain-bearing housings.
As a result commutator troubles and
short circuits due to leaking lubricant
are avoided and fewer applications of

Because of their demonstrated superi-
ority of performance and maintained
precision, SKF marked ball bearings
are in extensive use throughout the world
on rotating electrical machinery of all

lubricant are required. kinds. May our engineers co-operate in
Furthermore self-aligning ball bearings bringing the advantages of ball bearings
require no adjustments, as they will not to your machines?

THE SKAYEF BALL BEARING COMPANY

Supervised by S IKF INDUSTRIES, INC,, 165 Broadway, New York City

1069

The SELF
ALIGNING
BALL

BEARING

Normal View Deflected View

BEARINGS

The Highest Expression
of the Bearing Principle

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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clared the Production Mana ger.

6 HAT’S the idea, Bert?’’ asked the Gene-

ral Manager. ‘‘Isn’t it better to spread
your orders for molded parts around a bit?’’

“No, it doesn’t work out,”” replied the Pro-
duction Manager, “Carnegie was right. It is
better to place all your eggs in one basket—
and watch the basket.

“If, instead of turning it all over to one com-
pany with a real ordanization and plenty of
capital, I place the business with six small
molding companies, I get six timies as much
‘grief’ and not half as much quality and output.
And I'm pretty likely to have to pay more, to
boot. I've got to get all the little fellows broken
in to the point where they know how to do the
job—I've got them all to watch— I run the risk

ohns-Pratt

32-3520-8

of being involved in troubles common to small
under-equipped and under-financed concerns
—and I've got six times the bookkeeping all
along the line.”

“Guess you’re right, Bert,”’ admitted the Gene-
ral Manager. ‘“‘Butwhom can You get to handle
it? Our peak output requires an enormous
molding capacity for any one company to fur-
nish, when you consider other business that
may conflict with ours.”’

“That’s all right,”’ assured the Production
Manager. “I'm going to put it up to the Johns-
Pratt Company. They’ve got the experience
and the organization and the plant and the
money to handle everything we want—do the
whole job, and do it right.”

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

concern
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O proposition is too big for Johns-Pratt Mold-

ing Service. We are prepared to produce in

. any quantity molded parts of Bakelite, Conden-
site, Redmanol, Molded Mica, our own “Vulca-
beston’’ or ‘201" Stock, or special compositions
in all practicable shapes, with or without inserts.
Although our old molding plant was one of the
largest and most completely equipped molding
establishments in the world, we have recently
moved into still larger quarters. But if our new
plant is not big enough to handle your business,
we are ready and willing to build a plant that can.

Let us quote on your requirements.

We have molded hundreds
of thousands of these

N interesting example of molded Conden-
site is the Hemco (“Twin-Lite”) Two-

Way Socket of which Johns-Pratt Molding
Service has produced hundreds of thousands.
The upper picture shows the assembly of
plug and receptacle-shells constituting the
insert. The Condensite insulation comprising
the body of the finished device is molded
around this insert in a single operation. The
completed article is neat in appearance,
mechanically strong, and electrically perfect,
with all metal parts rigidly sealed in mois-
ture-proof, heat-resisting insulation. The
efficiency of Johns-Pratt Molding Ser-

%Z/ ; | vice assures these qualities in every
L J-P molded Hemco Twin-Lite.

PROTECTION ”mn“. SERVICE

The JOHNS-PRATT COMPANY, Hartford, Conn. vﬁ

BOSTON (9) CHICAGO CLEVELAND NEW YORK
161 Summer St. 35 So. Desplaines St. 1365 Ontario St. 41 East 42nd St.
PHILADELPHIA PITTSBURGH ST. LOUIS SAN FRANCISCO
22 So. 15th St. 104 Sixth St. 314 N. Broadway 74 New Montgomery St.

® Bakelite
O l n Condensile
- Redmanol
| S r ® Molded Mica

Vulcabeston,
Please mention the JOURNAL of the A. [. E. E. when writing to advertisers.

201" Stock.
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Where Western Electric
Puts Distribution on the Map

In any community a well ordered supply
service providing everything electrical is a
vital money saving service to the industries
in that community.

To render this service is the function of
our 48 Distributing Houses.

They can provide exactly the materials
you’d specify to assure correct performance.

Their stocks are made up of the products
of manufacturers whose goods are and
have been standard in this Industry for
years.

One of these Houses is near you. It has
A the goods you need and the goods have
NATIONAL the quality you demand.

ELECTRICAL

Westem Electric
Company

OFFICES IN ALL PRINCIPAL CITIES /.J
(

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Like the last row of tiles

HAT last row of tiles, up
against the wall, is the

b
mason’s bugbear. No use try-
ing to force whole tiles in. He
must cut them to fit the space.

The coil-winder has a simi-
lar problem when there isn’t
quite enough space for that
last turn of wire. But he can’t
shave down the wire to fit. He
must force it into place and
hammer down the bulges. This
takes extra time, adds to your
costs, increases the number of
rejected windings.

Seventeen years ago this
company set out to perfect a
magnet wire that would wind
a specified number of turns,
exactly and evenly filling the
space without forcing.

Acme Wire, the wire that
“goes in the space,”’ is uniform
in diameter and is free from
lumps, bare spots, and imper-
fections of all kinds. It is cov-
ered with a smooth, even coat
of insulation of high dielectric
strength.

Manufacturers have effect-
ed substantial savings on their
winding costs with Acme Wire.
[t saves operators’ time, cuts
down the number of rejected
coils, and turns out a coil that
will stay on the job for years.

To executives interested in
swelling their percentage of
perfect windings, we shall be
glad to mail our catalog. A
postcard will bring it to you
without obligation.

THE ACME WIRE CO., New Haven, Conn.

NEW YORK

AcmeWire

CLEVELAND

CHICAGO

It goes in the space

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

Some Users of
Acme Magnet Wire

Atwater Kent Mfg. Co.

Azor Motor Mfg. Co.

Century Electric Co.

Dayton Engineering Laborato-
ries Co.

Delco -Light Co.

Diehl Mfg. Co.

Domestic Electric Co.
Eisemann Magneto Corporation
Electric Auto-Lite Corp.
Electric Specialty Co.
Electrical Products Mfg. Co.
Eureka Vacuum Cleaner Co.
Ford Motor Co.

Gray & Davis, Inc.

Hamilton Beach Mfg. Co.
Holtzer- Cabot Electric Co.
Hoover Suction Sweeper Co.
Klaxon Co.

Robbins & Myers Co.
Sangamo Electric Co.
Sunlight Elec. M{g. Co.

U. S. Auto Supply Co.
Wagner Electric Corporation
Western Cartridge Co.
Westinghouse Elec. & Mfg. Co.

Acme Wire Products

“Enamelite,” plain enameled
Magnet Wire; ‘“Cottonite,”
Cotton-covered Ename lite;
“Silkenite,”’ Silk-covered
Enamelite; Single and Double
Cotton Magnet Wire; Single and
Double Silk Magnet Wire. We
also have a complete organiza-
tion for the winding of coils in
large production quantities.

Acme Varnished Insulations

Varnished Cambrics, Silks and
Papers. Varnished Tapes in rolls;
straight or bias. Varnished Tub-
ing (Spaghetti).

Acme Radio Specialties

Audio Transformer windings.
Radio Frequency windings.
Magnet windings for Head
Sets.

Enameled wire—especially the
finest sizes, 40-44 B & S gauge.
Silk and cotton-covered mag-
net. wire.

Enameled Aerial wire—single
wire and stranded.

Illustrated Catalog on re-
quest to Engineers, Purchas-
ing Agents, Executives and
Operators.
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Small Motor Belt Drives
cAre Practical With Rockwood Paper Pulleys

HE great advantage of the

flexible belt-drive for small
motot-driven machines is conced-
ed. But belt-slip—causing irregular
speeds, rapid belt-wear and slug-
gishstarting aion—has frequent-
ly resulted in changes to dire&t :
gear drives. | T e

Where such motors are equipped
with Rockwood Paper Pulleys, in-
creased transmitting capacity re-
sults — trouble from belt-slip is
eliminated—and the belt-drive is
practical.

Lipman Refrigerating Machine
Uses Rockwood Paper Pull.ys

We shall be glad to quote prices on
pulleys of special construétion for
small motor driwves.

——

THE ROCKWOOD MFG. COMPANY

‘1 i . . . ifi
Fre;;::f lle?cké;:d g‘;:‘ Patios 1948 English Ave. Indianapolis, U. S. A. Sharples Super Centrifuge

Uses Rockwood Paper Pulleys

et

——
—

—————

ROCKWOOD zues

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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Are splitter tube, of Pyroplax,

adds to ruggedness of shield.
Gty 2 |

C-H Pyroplaxarcshield—uwcll
constructed.

Easily renewed chunky buit
contacts given a rolling, wip-
ingaction. Surfaces kepi clean.

Protective shield lengthens / i

spring life.

Large brass hinge pin.

Rugged phosphor bronze inter-
locking fingers.

ADVERTISING SECTION

Connections to cofl terminals pass di-
vectly to terminal screws through slate
—number of cennections reduced.

&/

Laminated parts securely riv-
eted by special process to with-
stand long hard service.

Shading coil designed to pre-
vent chattering.

—~— Yery flexible— long life sirand-

ed copper conductor.

C.-H 250 Amp. (No. 184) Magnetic Contactor

Rugged Mechanical Construction

The frame_ and levers of C-H A. C.
Contactors are made of cast steel—with
the laminated parts of malleable iron
through—riveted together by a special
process. This method of securely holding
the laminations 1s 1n a great measure
the reason for the ruggedness of these
switches and ability to stand up in severe
continuous service.

The chunky butt-to-butt contacts are
generously proportioned as to wear allow-
ance—and easily and cheaply renewed.
The durability and long life are further

insured by a particularly powerful mag-
netic blowout for extinguishing the arc
when the contacts open.

C-H Alternating Current Magnetic
Contactors have been proven correct
electrically and mechanically through
long years of use under every kind of
operating condition.

THE CUTLER-HAMMER
MFG. CO.

Motor Control Department
Works: MILWAUKEE and NEW YORK

Offices and Agents in Principal Cities
Northern Electric Co.. Ltd., Can.

“[CH MAGNETIC CONTACTORS

CUTLER-HAMMER

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Two 35,000 KVA., 257 RPM., 60 cy., Water Wheel Generator Units.
Pacific Gas & Elec. Co.

[ ] o [ ]
Pit River No. 1 Station ——
Contains two of the largest hydro-electric units PRODUCTS :
in service in the United States and the largest Electrical Machinery
- as Engines
60 cycle generators ever built. Steam Engines
0 ondensers
An authority says: ; dgil Engines
L. . ydraulic Turbines
“One of the finest and most distinctive Hydro- ek ess]
Electric plants in the United States, and one in Mot ining Machinery
. o . . etallurgical Machinery
keeping with the high character of Allis-Chalmers ez
Units.” glourhfl\{llilllhratl:ll}inery
aw Mi achinery
0 o . Air Compressors
‘These Units furnished complete by Allis-Chalmers Air Brakes
. . . Steam and Electric Hoists
Mfg. Co.—the only organization in the world Farm Tractors
o o 5 Power Transmission Machinery
building complete Hydro-Electric Units.

ALLL/-CHALMER/-MANUFACTURING COMPANY

Milwaukee, Wis., U. S. A.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Lubrication

Devered i
o0d Ue ¢t Luprmanty

Engineers - Attention!

If you are not now running an ice-mak-
ing or refrigerating unit, you cannot tell
when you may be—either because of a
change in position or because your house
will install one. Therefore, anything
you can learn about the proper operation -
of refrigerating machines is worth while.

And from their experience, most opera-
tors will tell you that the most important
in this work is the proper selection
of oils and their proper application in
use.

The October issue of “‘Lubrication’ con-
tains a comprehensive article on Ice
Making and Refrigerating. This article
describes the various systems and gives
definite instructions as to efficient lubri-
cation. Illustrated with more than a
dozen photos and diagrams.

This magazine will be sent Free to
Operating Engineers, to Executives, to
purchasers of oil and others directly
interested in a clear-cut, fairly technical
presentation of the subject.

You’ll like it and you’ll find it of value

Write for it

THE TEXAS COMPANY, U. 8. A.

Texaco Pelroleum Products
Dept. BE, 17 Battery Place, New York City

Orrices IN PrinciraL CiTIES

TENACO

18 1t PaT OF

Please send me FREE the October issue of your magazine* Lubrication’ containing
the article on Ice Making and Refrigerating.

Name. .

Street,

SEAtO sam bom it Khanns

Please mention the JOURNAL of the A. I. E. L. when writing to advertisers.
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This Combined M & E Test Aq
Exclusive J-D Shop Practice

This machine was designed by J-D engineers expressly for combined mechanical and elec-
trical routine factory tests of each and everv J-D suspension insulator.

The photograph shows this machine from the front view. Weights hanging on arms at the
back, when released, apply a pulling load of 5,000 pounds to each insulator on the rack.

At the same tinre the weight is released the high frequency oscillator is brought into opera-
tion and a complete flashover is held on each insulator until the weights are lifted by cams
at the end of a two-minute period.

These cams all operate simultaneously on one shaft. Therefore each insulator is subjected
to the same duration test.

Jeffery-

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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]-D Suspension Insulators Receive
Severest Tests Known

J-D suspension insulators are
subjected to the severest factory
routine tests known to the
industry.

Standard methods of testing
are no longer considered ade-
quate by operating engineers
to prove the ability of a pro-
duct to stand up indefinitely
under the hardships of service.

The best present day shop
practices demand a factory
routine test for both mechani-
cal strength and flashover of
much greater severity, com-
pleteness and finality than has
commonly prevailed.

To this end J-D engineers in-
stalled a specially designed
M & E testing machine which
not only gives a sustained pull
of 5,000 pounds on each
suspension insulator for a two-

minute duration, but simul-
taneously and for the same
duration a complete flashover.

This test is in conformity with
the well known laboratory tests,
instituted independently by
operating engineers and others,
which established, on a com-
petitive basis, the remarkable
ruggedness of J-D suspension
insulators. It is the best possi-
ble guarantee of the high degree
of uniformity and reliability of
the J-D product.

These are the qualities that
assure every operating engineer
who specifies J-D suspension
insulators a permanency that
is of incalculable value because
of its bearing on continuity of
service as well as the reduction
of equipment and maintenance
costs.

Jeffery-Dewitt Insulator Company
Kenova, W. Va.

Executive Sales Offices: 50

Church Street, New York City

Dewitt

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Modern Pillar Insulators

Interchangeable Units
for Switch and Bus Bar Use

HE five-foot insulator illustrated here

indicates the possibilities of the line
of interchangeable pillar insulator units
listed in the new O-B Catalog. These units
are made in a number of styles and sizes
for various conditions of voltage and
mechanical loading. Pillar insulators of
the desired height are made up by simply
bolting together two or more units.

Insulators of this type will carry heavy
méchanical loads in any direction, includ-
ing torsional loads, and are being widely
used for high voltage switches and bus bar
supports.

All the refinements in manufacture and
assembly which have given O-B pin-type
insulators their remarkable records for re-
Liability and long life are incorporated in
these insulators. Additional refinements
which insure great accuracy in the final
assembly make each of these units fully in-
terchangeable with others of the same size

and type.
Pillar Insulator,
60 inches high, {
made from three i
units. No. 26024. I
® ol
Ul 10 I'assS cCo

Mansfield \'~/Ohio US A

New York Philadelphia Pittsburgh Charleston,W Va, Chicago Los Angeles San Francisco Paris, France
Products: Trolley Material, Rail Bonds, Electric Railway Car Equipment, High Tension Porcelain Insulators, Third Rail Insulatora

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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The Functions of Watthour Meters
and Cash Registers are similar:
Watthour Meters Cash Registers
Protect the Central Station Protect the Merchant

Justice to All

Westinghouse Watthour Meters

are backed by 35 years’ experience; the best engineering talent;
and unexcelled manufacturing facilities. They assure Maximum
Accuracyand hence, as Cash Registers, influence Maximum Revenue.

W rite nearest office for complete details.

Westinghouse Electric & Manufacturing Company
Newark Works Newark, N. J.

Sales Offices in all Principal Cities of the United States and Foreign Countries.

Westinghou

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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‘P & H Process’’ Poles in lines of Potomac Public Service, Hagerstown, Maryland

‘P& H Process Poles

Represent a Definite Value

The guaranteed uniform 1 inch penetration in every “P & H Process”

Pole gives you this definite value in longest pole life possible. There

1s ONLY ONE Guaranteed Penetration Process - - “P & H.”

“P & H” service assures prompt and efficient shipment on all cedar
pole needs, either Butt-Treated or untreated.

“Still in the Lead”

PAGE ~»"> HILIL, CO.

MINNEAPOLIS s MINN.

Lllll|lmllllunullrllrnllliiliLiLlJTlun]n1lllllnnilnnnnnlnulluuum
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New York, N. Y. 50 Church St. Kansas City, Mo.717 Bryant Bldg. Dayton, Ohio, Reibold Bldg.
Chicago, Ill. 19 So. LaSalle St. Omaha, Neb. 536 Keeline Bidg. Dallas, Texas, Central Bank Bldg.
ll“lll‘llulmljllll‘l.llllm_ll"‘rmlll'llllllllllulllll"][llllml‘lllllullll ll'"llllll‘l'l'lj]lll‘ll"lllll]m‘lllmllll"
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EUEHLIMAN
TRANSEORMERS

FOR STREET LIGHTING

ARE
I. Self-Regulating —

They will automatically maintain
normal current with-259 of lamps
out.

2. Water-tight —

merged, and are guaranteed for
underground installation.

PROMPT DELIVERIES

KUHLMAN ELECTRIC COMPANY

Kuhlman Disconnect

Transformer

former in every phase of its development.

build it economically.

FACTORY AND MAIN OFFICE

St. Louis, Mo.
Offices in All Principal Cities

5

They will operate when sub- ///\

Since 1893 x /\ "//>\\ = -/i’.:..',/

Write for
Bulletins
110 and 113

Series Multiple Bay City, Michigan Installatiod in Base of Pole

TRANSFORMERS

E have been manufacturing transformers now for over a
quarter of a century—a long time in an industry so young.

Moloney Engineering Experience has dealt with the trans-

From the first, Moloney Engineers have been animated by a
two-fold purpose: to build the highest attainable quality, and to

Moloney Transformers are recognized by all transformer
users as the highest standard—a fact which demonstrates the
success which has crowned the efforts of Moloney Engineers.

Moloney Electric Co.

Manufacturers of Transformers Exclusively

1!
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Eliminate the high cost of buses!
= Hook up your leads
to weather proof cables
with a Dossert

Y the use of weatherproof cables and Dossert Solderless Connectors the
Consolidated Coal Company of Fairmont, West Virginia, has done away
with the high cost of low tension buses in their sub-station.

DOSSERT CABLE TAP

The transformer can be cleared from the main cable or connected to another
quickly and easily. No further need to wind long lengths of copper around a
bus.  With the Dossert Connector the job of tapping is very simple, and only
a short length of copper is needed. n

Worth your while to find out about this simple, inexpensive, labor-saving
device. We’ll send you particulars by return mail.

DOSSERPT & CO, 242 VICIIQS% 4L129 é\tljéeltj,rels\iliev? York

5 <% AR s SHR o e ~E

DE I.ES -Connectors anderminal

Please mention the JOURNAL of the A. I. E. E. wher. writing to advertisers.
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Largest Automatic Station
Completes Successful Year

The 5000-kva. automatic hydro-electric generating
station of the New England Power Company at
Searsburg, Vt., represents a considerable stride in the
application of full automatic control, since the first
hydro-electric installation in 1917.

This in an instance where automatic control enabled
an operating company to take the fullest advantage of
a natural power site in an unsettled region which is
practically inaccessible during the winter, and where
maintaining station operators would have been
almost out of the question. The company reports:

“The station is in a section of the country where lightning condi-
tions are rather severe, and the connecting high-tension line has
tripped out numerous times owing to lightning disturbances.
The generating equipment has in every case promptly shut down
General Electric Company and remained down until th.e line was again energized from station

No. 5, whereupon the equipment has promptly started up and
Schenectady, N. Y. again come on the line and carried its load.”

GENERAL

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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After years of cxperimcnta;ion we have developcd and perfected

a new motor—THE FYNN-WEICHSEL MOTOR. This new motor

is a practical, self-starting synchronous motor with starting and

overload characteristics better than those of the squirrel-cage
~ induction motor.

This motor is self-exciting and the excitation is automatically
regulated with changes in load. By a simple adjustment it will
také a definitely leading current and can thus be used either to
operate at unity powet-factor or to compensate for the lagging
current taken by induction motors on the same line.

THE FYNN-WEICHSEL MOTOR will correct power-factor
without adding to the energy losses of the plant because it
does its quota of useful work, the power-factor correction
being merely incidental.

WAGNER ELECTRIC COR,PORATION
SAINT. . LOUIS

WAGNER ELECTRIC NAME
CORPORATION

Youmay send me—without COMPANY
obligation on my part—a

copy of your bulletin No. STREET
134,describing Tue Fynn- |
WeicHseL MoToOR. Cli Y

Please mention the JOURNAL of the A. I. E. E. when wriling to advertisers.
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CABLE TERMINAL DEVICES @ &3|POTHEADS, DISTRIBUTION BOXE
A NEW G & W Construction Foremen

Details of cable trimming, assembly,
CATALOG : . :
. and installation are very fully covered .
Executives in G & W Catalog No. 12.  You will l
Economies of construction and oper- find it a malterial help in its sug-
ation proven out by years of world gestions based on years of field ex- |
wide application are possible thru the perience in handling of cable ends.
use of G & W Distribution Specialties. _ o
Catalog No. 12 (Ready Nov. Ist) G & W Catalog No. 12 will
ho typical applications Study be mailed to our full mail-
Snows Lyp bp ) ing list about Nov. 1st. We
them 101‘ more pI‘Oﬁt. are .anxious to have a CO!)[/
Engineers available to cveryone in-
. lerested in distribution en-
G& \iV Caéalog; NO.le 1tsh th? mos% gineering. Il you are'll}ol
atalog o otneads anc sure youw areon our moiling
SOl 3 a0g P 3 il list or if you want extra
boxes ever published. In it you wi D, e e G
find a wide selection which will enable rooi oMt AT fone
you to engineer a layout to exactly men, elc., we will appre-
meet your problem. ciate hearing Irom you.
Draftsmen . . . .
Special care has been taken in the G&W ELECTRIC SPECIALTY CO-
preparation of G & W Catalog No. 12 7440 So. Chicago Ave.
to give accurate dimensions and Chicago linois

construction data so that it will be a
time saver on layout work.

Representatives in All Principal Cities

G & W _ELECTRIC SPECIALTY CO.

5 page 31 page 32 J
\ — — " ——3F Jmm T —— S — . - 4//"

\:

are made in a variety of designs. They
can be supplied with thread and lock nuts
without metal, or with flanges moulded
integral with the insulation Insuring a
rigid cementless unit. Paramold is tough
and not easily broken either in shipment
or construction. Its inherent resiliency
enabling it readily to withstand the shock
of forces due to short circuits or mechan-
ical forces due to opening and closing of
switches makes it especially valuable for
switch Eushings.
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TIREX &% CABLES

The main distinguishing feature of TIREX Cables - like TIREX Portable Cord '
and TIREX Lamp Cord - is the rubber sheath which envelops the insulated [
conductors and protects them from injury. This sheath is of high-grade tire-

tread stock containing 609, of Para rubber and specially compounded and cured |
to insure maximum wearing qualities and toughness.

Additional detailed information including terms and
prices, upon application.

SvpLEX WIRE & CABIE @

MANUFACTURERS
201 DEVONSHIRE ST., BOSTON 9
CHICAGO SAN FRANCISCO NEW YORK
STANDARD

DAYIS OPEN
W AR TERMINAL

Wires, Cables and Cable Accessories

CROSS
ARM
BRACRET

é S make for efficiency and dependability in the installation

2 HEADSERVING

and operation of electric transmission systems.

The illustration shows how an electric cable can be safely and easily
installed in the borehole of a mine or tunnel by using a STANDARD
Borehole Cable with Cable Support and Outdoor and Indoor
Terminals. This method affords a maximum degree of mechanical
and electrical protection for the cable.

The same method can be used wherever it is necessary to install long

E% T lengths of one or more cables in a vertical position. A separate
M support is required for each cable.
o ROOF

o=

] o For complete information write our nearest office for Bulletin 700.

DAvIS
MINE SHAFT
TERMINAL

STANDARD UNDERGROUND CABLE CO.

NeEw YORk WASHINGTON PITTSBURGH DEeTROIT SAN FRANCISCO SEATTLE
BosTon PHILADELPHIA  ATLANTA CHICAGO 8t. Lours Los ANGELES
Kansas City

F INSTALLING
MeTHOD OF INST Facrories: PerTH AMmBOy, N. J.; PitrsBURGH, Pa.; St. Lours, Mo.; OagLAND, CALIF.
BOREHOLE CABLE WITH

CABLE SUPPORT AND For CANADA: STANDARD UNDERGROUND CaBLE Co. oF CaNaDA, LimiTeED, HAMILTON, ONT.
CABLE TERMINALS.

Please mention the JOURNAL of the A. I. E. E. - when writing to advertisers.
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N ew Depart

/ ' . ~"r,, \l)\({) .
UST now {the makers of Eo “*-q’@f’/ﬁ@* .
all devices incorpora- : : ' . ”;‘3;397’5@‘ =
. | : . . == o \»:‘-\& v ."*3\4 E
.! ting electric motors o = “ﬁtﬁ%&
| generators are showing = R, S
new interest in the peculiar advantages

of ball bearings for increasing both the
efficiency and salability of their product.

To assist those who wish to look into =
this subject we have compiled in a =
special binder engineering data bulle- =
tins showing application in 41 types of 5

i
o
TR

machines, together with general mount- Byt
ing directions, load charts and dimen- S
sional data. This material will be g
furnished free upon request. Ask for S
the “special bulletins on electrical TN
machinery.” R

The New Departure Manufacturing Company =
Detroit Bristol, Conn. Chicago

\ 56 Victoria St., London, S. W. 1, England. ===

Tantalum metal forms an electrolytic valve

QWhen used in a cell with another electrode.
Tantalum is not attacked by acids or alkali
solutions.

Fansteel Products Company manufactures tan-

q:[talum in sheets, wires and rods. Other metals
manufactured by the same company which may
help solve electrical difficulties are molybdenum
in sheets, wires and special shapes or tungsten
contact points.

Fansteel tungsten contact points have been
standard of quality for eight years.

FansTtEEL ProbpucTs Company, Inc.
North Chicago Illinois

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Are Your Motors
Economical of
Current?

Presumably they are—but not as
economical as they might be, if
the friction load in the bearings
is higher than it need be—due to
inferior bearings or improper lu-
brication.

J : —
PRECISIVN
BALL BEARINGS

In fractional h.p. motors cut the
friction load to the very lowest figure—
not alone because of their correct design

and unequalled precision, but also be-
cause they carry within their mountings
a supply of lubricant ample for long
service, without renewal or attention.

Let us send you the booklel on
making good moltors betler

THE NVRMA CTOCMPANY
V}FA AMERICA
nable Avenue

Longlsland City New York
BALL, ROLLER AND THRUST BEARINGS

Mdrse Silent Chain
Drive Cannot Slip

997, sustained efficiency is indisputable
evidence of the value of the Morse
Silent Chain Drive. No loss of pro-
duction and power as with a slipping
belt. This sustained efficiency is ac-
complished by keeping the chain always
in proper pitch contact with the
sprockets, and maintaining a distri-
bution of the load over a large number
of teeth.

In marked contrast to other forms of
drives, Morse Silent Chain offers posi-
tive advantages, uniform smoothness
of operation, quietness, convenience of
application, greater reliability, and long
life.

Our engineers are at your service to de-
termine the correct drive to meet your

requirements.
4031-50

MORSE CHAIN CO,, ITHACA,N.Y.

There (8 a Morse Engineer near jou

ATLANTA, GA. DENVER, COLO. PHILADELPHIA, PA.
BALTIMORE, MD. DETROIT, MICH. PITTSOURGH, PA.
BOSTON, MASS. KANSAS CITY, MO, SAN FRANCISCO, CAL:
CHARLOTTE, N. C. NEW YORK CITY 8T. LOUIS, MO.
CHICAQO, 1LL. MINNEAPOLIS, MINN. TORONTO, OQut,, Cap.

CLEVELAND, OI[I0 MONTREAL, Que., Can. WINNIPEQ, Man., Can.

Please mention the JOURNAL of the A. 1. L. E. when writing to advertisers
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500 Cycle,
100,000 Volt
X-Ray Transformer

lem—if it is

Solving Your Difficult Transformer

Problems

If the transformer

HE ever-increasing application of electricity to industrial
processes, and the unusual conditions of operation fre-
quently encountered, necessitate in many cases the use of
special transformers, if efliciency and economy are essential.
We specialize in the design and construction of trans-
formers for electric furnaces, welding, testing, X-ray, radio,
laboratories, and for any other purposes where the commercial
type of transformer fails to meet the requirements.
you want presents an unusual prob-
outside the bealen path of standard transformer
practise—if you are looking for something special, yet which will
prove entirely practical, get in touch with us.
for information, please send as

When writing
complete data as possible.

The American Transformer Company
176 Emmet Street, Newark, N. J.

10 Kv-a., 60 Cycle,
220-25,000,/50.000/100.000 Volts

jobbers and dealers.

The A

For Radio Fans and Engineers.—The AmerTran has far greater amplifying power (30-40)
and less distortion than anv other audio frequency amplifying
Send for Bulletin 1005 containing
former, and musical scale.

an unusual chart of audibility amplification of the trans-
merTran is moderately priced and is distributed through

transformer now on the market.

Insulation Testing Set

a
=

LI il

Better and StrongerFastenings
to Steel, Cast Iron, BaKelite,
Fibre, etc., are made with

ParkerKalon

Hardened Metallic
Drive Scs

(Patented)
More than 2000 manufacturers use them in
place of escutcheon pins, machine screws, etc.,
for fastening name plates and making perma-
nent assemblies.

+"\They Eliminate the
i Costly Tapping
Operation

Their Use Involves But
3 Simple Operations

1. Drill a hole.
2. Insert the tip of Screw.

Investigate their 3. Drive in with a hammer.

time - and - labor -
saving possibilities

Write for samples today!

PARHKER - HAI.ON CORP., Patentees

358 West 18th St. NEW YORK
Agents for British Isles:
Chas. Churchill & Co., Ltd., Finsbury, London, E. C. 2, England

As easy as driving a nail — anyone
can do the job.
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What do you want to
know about fibre?

Manufacturers everywhere are using vuleanized
fibre in their produects. They know that it is a
perfect non-conductor, that it is non-corrosive, that
it is more easily worked than rubber. They know
that it is much less costly than any of the materials

for which it is substituted.

But often a manufacturer will refrain from using
vulcanized fibre because he is not sure of all of its
qualities. He knows exactly what rubber, or metal
or wood will do—how he can work it and what it
will cost him.

. Can’t we clear up these questions—make plain
just what fibre is, just what it w.l do and just how
you can use it to advantage in your products?

The National Vulcanized Fibre Company has
three-fold facilities for the production and delivery
of Vul-Cot Fibre—fibre with a nationwide reputa-
tion. Each step of its manufacture is under such
close supervision that we can guarantee it to be
pure—free from foreign material.

The experience of years in the manufacture of
Vul-Cot Fibre and Vul-Cot fibre parts for many of
the nation’s
disposal.

greatest manufacturers is at your
Write today.

Please mention the JOURNAL of the A. I. E!E. when writing to advertisers.
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Question:—

Every electrical installation has its
own peculiar and constantly varying
questions of insulation.

°
This book is written to give you the - - Ans °

IlH|II1|||l|I||IIIIIl|_IIIIII|IlIlIIIIIIIIII]lIlIIIIlIIIIIIIlIlllIIIlIlIIIIlIlllIIIlIIlIlIIIIIlIIlIIIlE

-
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To help you to choose and tocorrectly
apply the right insulating varnish, the
kind which will give the maximum
efficiency and longest service is our
job. Our engineering staff is at your
service. THIRTY years of experi-
ence are back of our products.

Your problem of maintaining motor
equipment will be simplified and its

cost will be reduced by standardizing Catalog 20 is an inval-
: : uable aid to the man
on Sterling Varnishes. o ermed with motor

maintenances. It con-
tains specific data for
your use in coping with
insulation  problems.
Send for it.

THE STERLING VARNISH COMPANY, PITTSBURGH, PA.

A HiEIuinnnai

T

the risers. Draw the tool smartly toward you to the
end of the slot. The depth of the cut can be regu-
lated by raising or depressing the.handle.

[t is useful for cleaning out carbon dust,
dirt, particles of mica or other obstructions

Mail the coupon for prices and other data.
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% The “Goodnite” Cleaning Tool. §
5 ¢ S 0P 2 2 2 Instructions for Use. g
= =
: The “Goodnite” Cleaning Tool is designed Haing adjusted the tool for the width of the com- H
g fOI' cleamng out commutator SlOtS on undercut mutator bars, insert the guide and culter in their §
§ commutators yespective slots, at the end of the commulator nearest =

and is particularly valuable for removing l— —_—— e — e —— —
burrs from the edges of the bars and for The Martindale Electric Co.,
cleaning out the slots after a commutator \ 11717 Detroit Ave., Cleveland, O. i

Gentlemen: Please send me complete in-
| formation on the “Goodnite’’ Cleaning Tool
and your other products.

has been turned or ground.

The distance between the blades is adjustable to
correspond to the width of the commutator bars. i
One edge of each blade has sharp teeth to remove the

qbstrqctions, while the other edge is smooth and | NG SR TR P VXKD 32, o
rides in the adjacent slot as a guide. Title
1tlCr v bv'a Fae - Hiad b9 4B S @M T U w b 0E T Ew e
The blades are mounted on the holder with the |
teeth on opposite sides so that the tool may be used COMPANY b 4 xmmar s unn et 3 i 1= Sbme AP 4 QRES =
either side up. The blades are easily sharpened with | g
a saw file. ' AdAress, . osa msmnmsine $17 A48 88 d e Ba 5 A E %
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Science Abstracts

All electrical engineers actively engaged in the practice of their pro-
fession should subseribe to “Science Abstracts.”

Published monthly by the Institution of Through *‘Science Abslracts” engineers '
Electrical Engineers, London, in associa- are enabled to keep in touch with engineer-
tion with the l’lnyswal. SOCi‘?L)’ of LO'”.‘O“‘ ing progress throughout the world, as one
and with L!le. COO].)eI‘aLﬁIOII.OI the Amerlcap hundred and sixty publications, in various
Institute of Electrical Engineers, the Ameri- i , )
can Physical Society and the American l2n8uages, are regularly searched and '
Electrochemical Society, they coustitute an  abstracted. ‘“‘Science Abstracts' are pub-
invaluable reference library. lished in two sections, as follows:

“A”—PHYSICS—deals with electricity, magnetism, light,
heat, sound, astromony, chemical physics.

“B”’—ELECTRICAL ENGINEERING —deals with electrical
plant, power transmission, traction, lighting, tele- |
dgraphy, telephony, wireless telegraphy, prime movers, I
engineering materials, electrochemistry.

Through special arrangement, members of the A.1.E. E. Subscriptions should start with the January issue.
may subscribe to **Science Abstracts’ at the reduced rate  The first volume was issued in 1898. Back numbers are
of $5.00 for each section, and $10 for both. Rates to non-  available, and further information regarding these can be
members are $7.50 for each section and $12.50 for both ohtained upon application to Institute headquarters

MK

IHI

American Institute of Electrical Engineers
33 West 39th Street, New York

T

t
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.&(ﬁ\ .~ Meeting Competition
| ) —

During the intense competition of
o the past eighteen months, with every
M nef Mre : temptation to resort to questionable |
- S methods, we have raised our quality
aﬂdmndznw etandayds and tightened up on our |
: inspection.

At the same time, no stone has been
left unturned to reduce costs and
- accordingly prices.

HHNHN

have for over twelve years been standard
among electrical manufacturers due to
therr dependable quality and reasonable
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RO

price. Find out the economy and im- That is
provement we can effect for you. the Belden W ay
' of Meeting
Write today for prices and samples. Compclilion

/

N4 o A Dfudlo |
DUDLO Manufacturing

Belden Manufacturing Company
Electrical Wire, Cable and Cordagze

NIRRT

IO R AR I SO 0 QUG

- Company 2306 South Western Avenue
- (IS AN CHICAGO :
5 Fort Wayne, Ind. Eastern Office and W arehouse, Metuchen, N. J. g
%mm|1||||||1|||||||||||||u|||unmﬂ|||||m|||||||||||||||ummllIII:IIIlllllIIIlIIIIlIIlIlIIIIIIIlllllllllllmlmlIlllnHl|||||||||||||l|||||||||n|||||||||||um|unmn|u||mmﬁ-. S g I e —
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A Beautifl Example of the Instrument Makers Art

The illustration is that of a polyphase
wattmeter mechanism as used in

ROLLER-SMITH type GSA portable

wattmeters.

I

The line of GSA instruments includes
portable A.C. ammeters, voltmeters, watt-
meters, frequency meters and power factor
meters. All moderate priced but accurate

and thoroughly dependable.

You owe it to yourself to know all about
these remarkable instruments.

Send for Bulletin No. AE-160.

YOLLER-SMITIH COMIE:

Electrical Instruments, Meters and Civcuit Breakers | i

P1TTSBURGH, Keenan Bldg.

BALTIMORE, 113 E. Franklin St. ShirLaxe City. Dooly Bidg

BIRMINGHAM, Brown-Marx Bldg. ; B
BosTon, 141 Milk St. MAIN OFFICE @ WORKS S1. Louis, Railway Exchange
BurraLo, Ellicott Square \-@ Bldg. |
CHICAGO, 430 S, Green St. 12 ParkPlace, NEW YORK Bethlehem, Penna. ST. PaUL, Pioneer Bldg.
CLEVELAND, 7016 Euclid Ave. SaN Francisco, 589 Howard St.
DarLas, 2002 Live Oak St. Los ANGELES, Consolidated MoNTREAL, Power Bldg. ScranTON, 939 Capouse Ave.
DENVER, U. 8. Nat'l. Bank Bldg. Realty Bldg. NEW ORLEANS, Whitney Central Bldg. SeatTLE, Hinkley Bldg.
= DEeTrOIT, 525 Woodward Ave. MEenpHIS, 493 S. Main St PHILADELPH1A, Otis Bldg. TorRONTO, 183 George St. =
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Every Central Station Manager
Has Complaints to Settle

TYPE 224

Precision Wavemeter

Is your laboratory equipped with a satisfactory
wave-meter? If not, we recommend for your consid-
eration our type 224 Precision Wavemeter.

This wavemeter combines accuracy of results with
ruggedness of construction. By the use of a primary
and sub-scale, direct scale readings are given to one
part in 2500. This feature together with the very low
decrement of the oscillating circuit assures repeat read-
ings of high accuracy. The wave length range is 75 to
24,000 meters.

Equipment includes a substantial whitewood carry-
ing case, making it possible to take a precision instru-
ment directly into the shop, radio station or wherever
tests are to be made.

Price $220.

Described in Bulletin 704-E.
GENERAL RADIO CO.

Manufacturers of
ELECTRICAL AND RADIO LABORATORY APPARATUS

Massachusetts Avenue and Windsor Street
CAMBRIDGE 39 MASSACHUSETTS

IIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIII|II||||IIIII|IIIII|IIIII|IIIIIIIIIIIIIlIIIIIIIIIIIIIl

Bristol's Recording Ammeter

With just a glance at our Ammeter chart,
you can tell every fluctuation and quantity
of current, together with the length of time.

TRADE MARK

BRISTOL'S

REG. U. S. PAT. OFFICE.

Recording Ammeters

will keep you posted as to the exact conditions in
the Central Station and on the distributing lines.
They are unequaled for settling complaints.

Ask for Catalog BC-1501.
THE BRISTOL COMPANY

Waterbury, Conn.

Branch Offices:
Boston New York Philadelphia  Detroit Pittsburgh
Chicago ° St. Louis San Francisco
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- Bates Steel

* |+ Poles

Are used by recog-
nized leaders in the
electrical  industry
They have found it
both logical and eco-
nomical to buy Bates
Poles—poles of a char-
\ acter consistent with
| the high standard de-
manded and specified
for the rest of their
equipment.

Bates engineers
will gladly
co-operate with
you in your
planning,

There’s a Bates Pole for Every Pole Purpose-

5 T O iy

ILLINOIS MERCHANTS BANK BLDG., CHICAGO, ILL.

Lapp
do not fail

LAPP INSULATOR CO., Inc.
LEROY, N. Y.

Sales Representalives

SAN FRANCISCO, 8. H. Lanyon, 509 New Call Bldg.
DENVER. O. H. Davidson Equipt. Co., 1633 Tremont St.
ST.LOUIS,Commercial Electrical Supply Co.,Broad & SpruceSts
MINNEAPOLIS, J. K. Sumpter Co., 222 Seeurity 2ldg.
DETROIT, I, R. Jennings Co., 805 Ford Bldg.

)

Insulators

INDIANAPOLIS, W. . Hamer Co., 518 Trac. Terminal Bldg.

PITTSBURGH, Union Electric Co., 933 Liberty Ave.
BUFFALO, Robertson-Cataract Electric Co.
CHARLOTTE, N. C., J. W. Fraser Co.
PHILADELPHIA, Rumsey Electric Co., 1007 Arch St.
NEW YORK CITY, 8Shield Electric Co., 149 Broadway
BOSTON, Wetmore-Savage Co., 76 Pear] St.
WELLINGTON, New Zealand. Jas. J. Niven & Co.

21

LOCKE

, ; The distribution of
clectrical energy s
too vitally allied
| with the welfare of
the nation to be
guarded by any but
the highest grade
isulators.

§ X
/’\ ICTOR™,

[4:Bedlo_2)
73

Locke Insulator Corporation
Victor, N. Y.

Over a quarter of a century manufac-

tnrers of electrical porcelain for high

tension electrical power transmission.
FACTORIES

Victor, N. Y. Baltimore, Md.

SULATOR

I i

il LTI

WITHOUT proper insulating

materials—many of the wonderful
improvements in the electrical world
would have remained undeveloped.

Many years ago Minerallac Insulating
Compounds were first produced for
the protection of Cable Joints, Pot-
heads, Transformers, etc. Today
their excellent record is maintained.
On high-tension lines from the
Panama Canal to Canada, you will
find Minerallac performing an exac-
ting duty.

e

ITHIEHITEN

We would be glad to send you
pamphlet on Minerallac Insulating
Compound.

i
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Jourunl A. 1.3, K
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1045 Washington Blvd.
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- MINERALLAC FLECTRIC COMPANY
Chicago, Ill.
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20RO T AT AR O AT TORHIEE GHUIT IS

n American
Jtandard
Since 1873

Chomas Quality
Insul agg ors
Transmigrion
Fﬁﬁng,r

‘&

The R.Thomas and Sons Co.
East Livsrp}oo‘lq. Ohio.

RN RO

S RO R RO ISR

mne

SALES OFFICES
New York - Boston - Chicago - London

Western Electric Co.Inc. on Pacific Coast
:Lmaectric Co.Ltd.in Canada |-
= 7
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|| Conductors |
| of any desired N
capacity — solid 2
stranded — bare
weatherproof

CopperBusBars

Anaconda
Copper Mining Co.
‘ 111 W. Washington St., Chicago
| The American Brass Co.
i ‘ 25 Broadway, New York

N

MILLS
Ansonia, Conn., Waterbury,Conn.
Great Falls, Mont.
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Simpler—
Stronger—
Better—

N MO TR

Installation K-P-F
60 KV. Switches,
San Joaquin Lt. &
Pwr. Corpn., Calif.

A A O T EDART T LLLRAEAARMA

K-P-F POLE TOP SWITCHES consist of fewer
parts, are more rugged and require less labor and
material for installation than any other.

Each pole becomes a self-contained unit.
Switches are shipped ready to bolt on to cross-
arm in place of line insulator.

One crossarm supports it. Contacts are far
removed from insulators and a unique device
prevents sticking or freezing.

Send for bulletin K105 containing full details.

K-P-F ELECTRIC CO.
5 855-859 Howard St. San Francisco

i:ﬂlIIMIIIIIIIINNIIIHllllIlm“lllI|I|I|I|llIlIlIIIIII|lIllIII|IIIlIlIIIl|||I|IIIlIIIIINlIIlIlllIlIlIIII|IIIIIIIlIIlllIIIIIlIIIIIIlllIIlI|II|II!IIIIIIIIHIIIHNHII]IH|I|IIII|NMIINH\ININ\E

QllllIHIHII[IIlIIIIIIIlIlIlIlIllllll[IIIlIlIIlllIIIlI]IlIIIIIllllIIllIIIlIlIlIIl[lllIIIIIlllllllIIIIlIIIlIIllIIIlIIlIlIIIIIIIIlIIIIlIIIlIlIIllIllIlIllIIIlIIIlIIIIIIIIII|I|II|III|HIIIlIIIIIIlIIlI]IE

The Line that R.and I.E.Co. Builds!

This is the

That supports the g

Qo
S\

e R R Base—Steel Channel

R. & L E. Interrhange-
able Insulator Units with
Forged Sieel Pins and
Pressed Steel Caps. No
clampe, no screws

That carries the

Choke Coil — triangular
type

L

Limiting Resistance in the
ground circuit.  Auxiliary
Gap, shunling resistance

and the

That makes
up the

2/\/

Interchangeable Unit Horn Gap Lightning
Arrester that R. and 1. E. Co. Builds

R. & 1 E Interchangeable Insulator Unit Equipment for outdoor service includes
Bus Supports, Disconnecling Switches. Air Break Horn Gap Switches, Choke Coils,
Fuse Holders, Lightning Arresters, Substation Combinations and Outdoor Steel Sub-
stations

R. & L E. Arresters pro.
vide for an efficicnt obstruc.
tion and a point of relief at
\he same place. They are
low in first cosl, easy 1o in
stall and require a minimum
amounl of atention

Manufactured by

Railway and Industrial Engineering Co.
Greensburg, Penna.

Sales Offices in New York Boston

L 7

—

Pitesburgh Chicago Cincinnati
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AME WIRE PRODUCTS |

For Varied Applications

We manufacture many types of wires, cords
and cables for specific uses, Among them are:

COST ’ Rubber Covered Wire—Solid Conductor, Stranded

] Conductor, Flexible Conductor, Extra Flexible Conductor.

Lamp Cords, Reinforced Cords, Heater Cord, Brew-

You can buy weatherproof £ ery Cord, Canvasite Cord, Packinghouse Cord, Deck
wire cheap, but is it worth = i Cable, Stage Cable, Border Light Cable, Flexible

Armored Cable, Elevator Lighting Cable, Elevator Oper-
ating Cable, Elevator Annunciator Cable., Switchboard
Cables, Telcphone Wire, Flameproof Wires and Cables,
Railway Signal Wires, High Voltage Wires and
Cables. Automobile Ignition Canles, Automobile Light-
ing Cables, Automobile Starting Cables, Automobile
Charging Cables. Moving Picture Machine Cable. .

Boston Insulated Wire @ Cabie Co.
Main Office and Factory:

.what it costs?

““American Brand’’ gives
you more mileage per dollars
with a longer life on the line.

[1H]

“AMERICAN BranD"

]
& WEATHERPROOF WIRE AND CaABLES !
HAS NO EQUAL ’

American Insulated Wire & Cable Co.

Get a sample and satisfy
yourself.

AT

Dorchester District Boston, Mass.
954 West 21st Street, Chicago Canadian Branch, Office and Factory, Hamilton, Ont,
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ATLANTIC

INSULATED WIRES
DOLPHIN Insulated Wire

A code wire of high quality known
for its great dielectric strength and
resiliency, and used for its dependability and maxi-
mum service. Built on the same lines as the widely
known and used ‘‘Triton”’—~Intermediate Grade 25 %;
and ‘‘Neptune”’—309, para.

ATLANTIC Insulated Wire & Cable COMPANY
Stamford, Conn. 5
R RN l|IlIIIIIIIIIIIIIIIIIIIIIIIJIIIIIIIIE AN O [ IIIIIII||"||I||I|'=F
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ELECTRICAL WIRES

AND CABLES
WI/IRE ROPE WIRE STRAND

WELDING WIRE

John A. Roebling’s Sons Co.

Trenton, New Jersey

L e
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Prominent Engineering Concerns Specify
SPRACO “VERTICAL”

Stone & Webster,—Byllesby Engineering and Manage-
ment Corp., and 1. G. White Engineering Corp. are three
of the prominent engineering concerns that have specified
and purchased SPRACO Type “V" Air Washers for

numerous installations.
Write Depi. AW-60.

SPRAY ENGINEERING COMPANY

60 High St. NS R O R f”i"' Boston, Mass.
R /

Apparatus

TATES

THE COMPANY

ST TS ATTIIETT

Seray Painting Equip.;
Sprinklers, Strainers,
Nozzles of all kinds.

Manufacturing also:
Spray Cooling Equip-
ment. Flow Meters,

LTI

44 Francis Ave., Hartford, Conn.

SO 0000 0 O S O R0 TN

=
=

Pittsburgh Transformer Company

Largest Manufacturers of Transformers exclusively
in the United States

Pittsburgh, Pennsylvania

00
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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CEDAR POLES

NORTHERN WHITE CEDAR
WESTERN RED CEDAR
PLAIN OR TREATED BUTTS.

TN

DI

RO

Prompt shipments guaranteed.

CEDAR POLES ¥ESYERN RED
PLAIN OR BUTT-TREATED
Satisfaction Guaranteed

Ask for our delivered prices.

T. M. PARTRIDGE LUMBER CO.

THE MAC GILLIS & GIBBS COMPANY 729 - 32 Lumber Exchange.
Milwaukee, Wis. MINNEAPOLIS, MINN. E
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DUNCAN == Valuable for

s MODEL E ‘;' DUST PROBLEMS |
: . and Their Solution .

: The ideal direct cur- | it Every Electrical

= rent watthour meter. ‘ 3"“;

= A pioneer in the service {f Q z:_:_._:: 1 h Engineer

= with a record for un- ‘__}’ 5 b

g stinted accuracy. and a E Get your copy
reputation for depend- o A from
ability under all con- - MIDWEST Dept. F-1
ditions that naturally ot 127
recommends it to fastid- e ——— igo Ea;t 4Y5tlé s

jous engineers who de-
mand the best in the art.

DUNCAN ELECTRIC MFG. CO.

Lafayette, 1

4

“COPPERWELD’
OVERHEAD GROUND WIRE
DOES NOT RUST AWAY

Most objections to overhead ground
lines have arisen from troubles fol-
lowing rusting of the wires.

T

Asbes sulated Wires and Cables
"ﬂIIIIIIIIllIIIIIIIlIIIIlIlIIIIIIIIlIlIIIIIIlIlIIIIlIIlIIIIIIIIIIIlIIIlIIIIIIlIIllIIIlIIIIlIlIIIIIIlIIIIIIIIIIIIIIlllllllllllllllIllIIllIllIllllIlIl

WHEN you use Rockbestos Wire you learn the
difference between so-called “slow-burning’’
insulation and insulation that is non -burning.
And it's a difference worth knowing because
Rockbestos puts an end to the burnt-out coils on N

overloaded motors. A life at least equal to the power
conductors is now recognized as the
foremost requirement in the selection

of an overhead ground wire.

Rockbestos Wire is insulated with pure, long-
fibre asbestos and impregnated with a special
compound. A host of engineers have discovered
that Rockbestos will stand service no other wire
could possibly stand.

Copperweld wire does not rust.

Put your wiring problems up to the ROCK-
BESTOS ENGINEERING DEPARTMENT —
their advice is free and without strings attached.
Ask us about the following Rockbestos Products.

COPPER CLAD STEEL COMPANY
36 Church St., New York, N. Y.
Braddock P. O., Rankin, Pa.

129 S. Jefferson St., Chicago, Il
403 Rialto Bldg., San Francisco, Cal.

TSRO

Heater Cord Magnet Wire

A ) K COPPERWELD IS MADE BY THE MOLTEN WELDING PROCESS
Fixture Wire Stove Wire Fill out the coupon and mail to our nearest office
SwitchboardWire MotiOnPictureCable eaw® o e eeteeeea= ...-..--.--..-...---.--
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Please mail me Engineering Data on Copperweld Over-
head Ground Wire, and Sag and Tension Charts for

my personal files.

Also Improved
Radio Head Set Cords
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N s YU .
ROCKBESTOS PRODUCTS e
c o R P o R A T ’ © N COMPAILY . oovsmemeeeeeecacmemrisssmsiannsscasammesssesm st st =
Sales Promotion Department G =
Addressme . sams tocrag e ke B

NEW HAVEN, CONN.
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lurtevant EleciFic Molors:

—A. C. and D. C; single
and polyphase — built in
sizes from small fractional
to 800 horse-power — de-
signed to operate under a
constant full load, and a
liberal overload capacity.

Use Diamond Fibre |

Wherever the job in hand demands a tough, service- b
glving material of great strength, light weight and

high dielectric qualities, use Diamond Fibre. We pro-
duce this remarkable raw materia]l in easy-to-handle

SHEETS - RODS - TUBES

ready for all machining processes or fully machined to
your own specifications. Write for samples and full
information.

Diamond State Fibre Company
Bridgeport (near Philadelphia), Pa.

In Canada: Diamond State Fibre Company of Canada, Limited,
245 Carlaw Ave., Toronto, Ont.

T e i

B. F. STURTEVANT COMPANY
s HYDE PARK, BOSTON, MASS.
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STAR THE NEW “MARTIN” A.C. to D.C.

Ball Bear ing Motors Rotary Converter and
For All Purposes Synchronous Motor

Horizontal— Vertical A self-starting and most effi-

cient machine, that cuts con-

D. C. Interpole Motors \]raersion dlosses to a minimum.

- esigned to operate on 110,

for hard usage—1 to 40 hp. 220, 440 volts; 25, 30 and 60

Sparkless commutation at cycles. Delivers D: C. of any

all times. desired voltage up to 250. Made

4. C Polyphase Motors in capacities from 100 Watts u
squirrel cage induction and
slipring—all cycles, 1 to

to 100 Kw.
MOTION PICTURES
FOR ARC WELDING
40 hp., 110 to 550 volts.
1. C. and D. C. Generators and

BATTERY CHARGING
Motor-Generator Sets

Write for Bulletins.
Star Electric Motor Co.

‘Miller St. and N. J. R. R. Ave., Newark, N. J.
“ll|"||”llI||||"||||||ll||“l|||H|""l”"!:'m||||||l||||IIIII||m|IlII|IH|l||||||||||l|||||||l|||||'"‘""""l“'"l""""" LT ]

L e e

Bulletins on request.

NORTHWESTERN ELECTRIC COMPANY
Also Mfrs. of “AK” Variable Speed A. C. Motors
409 So. Hoyne Avenue, Chicago, 1lI.
Minneapolis—8 N. Sixth St. Kansas City, Mo.—-1924 Grand Ave.

Toronto, Can.— 308 Tyrell Blds., 95 King St., F.
[
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S S E=& =8 — WANTED —
== E = ES B =—o
== =E E =EEZ =S ==
- ] -— —3 . .
s === g A % 1 Copies of the following back numbers of the
H E =4 =

a‘ 3 . 4 o 7 1 -]
lNDUSTRIAL-AGRICULTURAL-IHl.'Nl(.‘lPAL-RESlDENTlAL JOURN‘_\L (19-’3) are urgentl'\ requlred.

A TYPE FOR EVERY SERVICE
Bulletins on Request

THE GOULDS MANUFACTURING COMPANY
Seneca Falls, N. Y.

Agencies in all principal cities

January, February, March

Twenty-five cents will be paid for each
copy returned directly to headquarters.
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ES=5S—=S Z === AMERICAN INSTITUTE OF
% = % == Z = =S E = - ELECTRICAL ENGINEERS

== ==E 2 E E "= 33 West 39th Street, New York
éﬁg%w%%%.-wa%; g
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@\ ELECTRO
L A Bl DYNAMIC

g 1) Y VRS
MoR IR
L J I BAYONNE,
N.J.

Sales offices

Pn’ncipa[ cities
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Extensively Used By the Country’s Leading Power Companies

The T &M DISGONNECTIN SWITCH

=

Test Values To Electrical

g Engineers
Flash-over 60,000 300 15000 We invile cor-
, .vglit: 00 l Amp. Volts respondence  on
voumute 46,000 l your difficudt switch
: requirements. Send
300£11tmutes 30,000 us as complete data

- as posstble and we
Tczl)mzlc St};e_l?;g{h will submit without
gezf(%el'l: illars ) . obligalion, sketches

. Thoner & Martens, 463 Commercial St., Boston, Mass. | and costs.

Specialists in Heavy Duty Switches—AC and DC
L S 0O AR

AL SLTR LB AR AL TSR

=
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Pyramid Brand BENNETT
ELECTRICAL SLATE SURGE

for ARRESTERS
Switchboards, Panelboards, Fuse
Blocks, Bus Bar Supports, etc.

I
LI

T

GO AT UHEERTTHIT

Ideal Protection

sor % §: Ruggedness
[_‘f«i DALY S = Simplicity
-pA{u:ACL SLAYE £ =
Breal seonat I—-.':-I'CM-I.J E § Write fOT
. B E £ Bulletins and
THE STRUCTURAL SL ATE CO. E = Questionnaire

118 Robinson Avenue, Pen Argyl, Penna.

Comprehensive Data on Electrical, Chemical and
Physical Properties of Pennsylvania Slate sent on request

Electro (SERViCE) Company

MARIETTA, GA.
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TRANSFORMER
SPECIALISTS

We are pleased to quote
prices and dehvery on trans-
formers singly or in quantity

Acme Apparatus Co.
198 Massachusetts Ave.
Cambridge, 39, Mass. e

Transformer Engineers and Manufacturers £
I[IlIlIIIIIIIIIIlIIIlIlIIIllllllIllllIIIlIlIlIIIIIlIlI[IlIlIIIIIlllIlIlIlIIIIlIlIIlIIIIIIllIIIIlIIIIIIIIHIIIlIIlIlllllllllllllIIlllllIlllllllllllllllllllllllllllI]IlIlIlIlI[I]IlIIIlIlI[IlIIIIIII1r=‘

THE ROWAN A.C. STARTING SWITCH

PUSH BUTTON OPERATED
OIL IMMERSED

RS EATE O

TR RGBSR SR DDA

EICHITHTT
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—
{_Lﬂ@-’ | THE SILSBEE

CURRENT TRANSFORMER
TESTING SET

is a compact portable set for
making precision tests of cur-
rent transformers in position.
Checks ratio and phase angle.
Described in Bulletin 715F.

FOR
STARTING AND STOPPING SMALL SQUIRREL CAGE
MOTORS THAT CAN BE THROWN ACROSS
THE LINE

OV/AN CONTRO

LEEDS & NORTHRUP CO. D%Jl
THE ROWAN CONTROLLER CO., BALTIMORE, MD. -

: 490I Stenfon Ave. Philadelphia

|
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PROFESSIONAL ENGINEERING DIRECTORY

For Consultants in the Fields of Engineering, and Related Arts and Sciences

Establisked 1857

ALEXANDER & DOWELL

Attorneys at Law

PATENT, TRADEMARK AND
COPYRIGHT CASES

WALTER G. CLARK

Consulting Engineer
Electrical, Mining and Industrial
Reports

Supervision of Organization and Arrange-
ments for Financing

8 WEST 40th STREET NEW YORK

Chas. W. Mitchell
Electrical
Engineer

Edward F. Croker
Ex-Chief N. Y.
Fire Dept.

FIRE PROTECTION ENGINEERS

Fire Alarm Engineers & Contractors
Fire Drills, Fire Appliances and Equipment

22 W. 30th St. New York, N. Y.

902 F Street, N. W. Washington, D. C.

AMBURSEN DAMS
Hydroelectric Developments
Water Supply and Irrigation Dams
DAMS ON DIFFICULT FOUNDATIONS

AMBURSEN CONSTRUCTION CO.
Incorporated
Grand Central Terminal, New York
Kansas City, Mo. Atlanta, Ga.

EDWARD E. CLEMENT
Fellow A. 1. E. E.

Attorney and Expert
in Patent Causes.
Soliciting, Consultation, Reports,
Opinions

McLachlen Bldg. Washington, D. C.
700 10th S, N. W,

FORD, BACON & DAVIS

Incorporated
ENGINEERS

115 Broadway, New York

Philadelphia Chicago San Francisco

THEAMERICAN APPRAISALCO.
Valuations and Reports

of
Public uulity, industrial
and all other properties

Rate Cases Condemnation Suits
Reorganizations Liquidations
NEW YORK MILWAUKEE
1896 And Principal Cities 1922

DAY & ZIMMERMANN, Inc.

Engineers
Power Plants, Sub-Stations,
Transmission Lines, Industrial Plants
Examinations and Reports, Valuations,
Manigement of Public Utilities.
1600 WALNUT ST., PHILADELPHIA
New York Chicago

FRANK F. FOWLE & CO.

Electrical and Mechanical
Engineers

MONADNKOCK BUILDING CHICAGO

THE ARNOLD COMPANY

Engineers
Constructors
Electrical Civil

CHICAGO
108 So. La Salle St

Mechanical

ROBERT E. DENIKE, Inc.

Electrical Engineers
and Constructors

NEW YORK CITY

FREYN,BRASSERT & COMPANY
Chicago Philadelphia
Consulting and Constructing
Engineers

Gas, Steam and Hydroelectric Power Plants
Electrification of Rolling Mills
Fuel, Oil, Tar, Gas Combustion Engineering
Design and Construction{of
Electric Furnsce Installations

ROBERT BAHAMON

Mechanical and Electrical Engineer

Assoc., A. L E. K.

Consulting, Contracts, Construction
and Agencics

BOGOTA, COLOMBIA, S. A.

Fellow 4. L E. E. Member A. S. M. E.
W. N. DICKINSON

Consulting Analyst

BUSINESS AND ENGINEERING
PROJECTS ANALYZED

Acolian Hall, 33 W. 422d St, New York City

LoRgdire BP0

FULLER ENGINEERING
COMPANY

Engineers and Constructors
Designs Estimates
PULVERIZED COAL PLANTS
and nicg equipment {or Steam Boilers.
u e B ustnal ces

FULLERTON, PA.

50 Church Street New York

W. S. BARSTOW & CO.

1ncorporated
Consulting and
Construction Engjneers

Public Service Properties
Financed and Manag®y

80 Pine St., New York.

CHARLES C. EGBERT

Engineer

Hydroelectric Power Development
Reporis, Coastruction, Supervision

NIAGARA FALLS, N. Y

WILLIAM S. HIGBIE

Electrical Engineer

ENXGINEERING AND PURCHASING

SERVICE
Design- Manufacture—Construction

Own Shops
Own Yard for l{uadling

11¢ LIBERTY ST. NEW YORK CITY

BATTEY & KIPP

Incorparated
ENGINEERS

Compicie Tonduostrial Plants
Power Plants & Flectrical Installations
Engincering Reports, Analyses & Appraisals

123 W. Madison Street CHICAGO

DAVID V. FENNESSY

Consulting Power Engineer

MILLS BUILDING EL PASO, TEXAS

Dugald C. Jackson
Edward L. Moreland

JACKSON & MORELAND
CONSULTING ENGINEERS

387 Washington St. Boston, Mass.

A. R. CHEYNEY, Engineer

Examinations--Reports
Design —Construction—Management
Industrial and Public Service
Power Plants
Mechanical—Electrical Systems
Aulo Transporiation

MILLS BLDG. WASHINGTON, D. C.

MONTAGUE FERRY

ELECTRICAL and MECHANICAL
ENGINEERING

38 South Dearborn Street
80 Church Street

Chicago
New York

J. KAPPEYNE

Consulting Engineer
Valuations, Examinations and Reports.
Operating and Rate Investigations

909 Comstock Ave., SYRACUSE, N. Y.
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For Consultants in the Fields of Engineering. and Related Arts and Sciences
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L 634 Congress St.

E. S. LINCOLN, INC.

Consulting Electrical Engineers

Designs Investigations Reports

Electrical Research Laboratory

PORTLAND, MAINE

I. S. PRENNER
of the Philadelphia Bar
Mem. A. 1. E.E.,, S. A. M. E.

Technical Patent Expert

404 Penfield Bldg.

1328 Chestnut St. PHILADELPHIA

FREDERICK G. SIMPSON

Electrical Engineer
Reports, Designs, Specifications.
Electric Power
and

Industrial Developments.
RADIO COMMUNICATION SYSTEMS,

Telegraph and Telephone.
3301 L. C. Smith Bldg Seattle, Wash.

J. N. MAHONEY

Consulting Engineer
Fellow™A. 1. E. K. Mem. Am. Soc. M. E.
Desi gn, Supervision, Specifications, Reports
Speclalist InjElectrical Power Switching and

Protective Equipment, Industrial and
Railway Control and Brake
Equipment
615-77th STREET BROOKLYN, N. Y.

PUBLIC SERVICE
PRODUCTION COMPANY

Engineers and Constructors
Design and Construction of Power Plants,
g‘:lbxndom and Industrial Plants.
Examinations and Reg-“ns' Valuation and

Management of

blic Utitites
80 PARK PLACE NEWARK, N. J.

SPRAY ENGINEERING CO.
Engineers and Manufacturers

Spray Cooling Systems Irrigation Systems

Aerating Reserwvnirs Alr Conditioning

Gas Washing Pneumatic Paint Spraying
Spray Problems of All Kinds

Consulting Laberatory

60 HIGH STREET BOSTON

{ CHICAGO

MCCLELLAN & JUNKERSFELD

Incorporated
Engineering and Construction

NEW YORK
45 William St.

PHILADELPHIA

DWIGHT P. ROBINSON
& COMPANY

Incorporated
Design and Constuction of
Power Developments, Electric
Railways, Industrial Plants
126 East 46th Street, New York

Chicago oungstown Ph(ladelQbh
Los Angeles Montreal Rio de Janiero

JOHN A. STEVENS

ENGINEER

8 Merrimack Street

LOWELL MASSACHUSETTS

W. E. MOORE & CO.

Engineers
Plars and Specifications for
Hydroelectric and Steam Power Plants
Industrial Plants and Electric Furnaces

Union Bank Building Pittsburgh, Pa.

SANDERSON & PORTER

Engineers
Reports Designs
Construction Management
Hydroelectric Developments
Raflway, Light and Power Properties

Chicago New York San Francisco

William M. Stockbridge Victor D. Borst

STOCKBRIDGE & BORST

Patent Lawyers

41 PARK ROW NEW YORK CITY

N. J. NEALL

Consulting Engineer
for

Eiectrical and Industrial Properties

13 PEARL STREET BOSTON, MASS.

SARGENT & LUNDY

Incorperated
Mechanical and Electrical
Engineers

1412 Edison Bldg., 72 West Adams Street
CHICAGO, ILLINOIS

STONE & WEBSTER

Incorporated
Examinations Reports Appraisals
on
Industrial and Public Service
Properties
NEW YORK BOSTON CHICAGO

NEILER, RICH & CO.

Electrical and Mechanical
Engineers
Consulting, Designing and
Supervising

Manhattan Building - Chicago

ADOLF P. C. SCHRAMM, E.E.
Mem. S. A. E. Assoc. A.I.E. E.

Consulting Engineer

Fractional Horse Power Motors
Designs
Manufacturing Methods and Processes
Labor Saving Devices

ADRIAN, MICHIGAN

PERCY H. THOMAS
Consulting Engineer
ELECTRIC POWER

Generation Transmission
Applications

120 BROADWAY NEW YORK

OPHULS & HILL, Inc.
Formerly Ophuls, Hill & McCreery, Inc.
CONSULTING ENGINEERS

112-114 WEST 420d ST., NEW YORK CITY

Ice Making and Refrigeration
Investigations and Reports

SESSIONS ENGINEERING
COMPANY

Engineers on

Power Plant Design & Industrial
Betterments
Electrification

140 So. DEARBORN ST. CHICAGO

UNITED GAS & ELECTRIC
ENGINEERING CORPORATION

Engineers Management
Construction Appraisals
Reports, Estimates and Specifications
Now supervising the Engineering
and Operation of 32 Public Utility
Properties located in 12 states

61 BROADWAY NEW YORK CITY

A

CARD in the Engineering Directory will keep your name, and
the specialized service you are prepared to render, constantly

before yvour prospective clients included among the JOURNAL'’S
21.000 monthly circulation, throughout the year for $40.00.
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(Cards continued on next page)
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- PROFESSIONAL ENGINEERING DIRECTORY !
§§ For Consuliants in the Fields of Engineering, and Related Arts and Sciences

: VIELE,BLACKWELL & BUCK GARDNER S. WILLIAMS EUGENE C. WOODRUFF, Ph.D.

T

Engineers

Designs and Construction
Hydroelectric and Steam Power Plants

Mem.Am.Inst.Cons.Eng. Mem.Am.S.C.E.
Consulting Engineer

Hydroelectric Developments

Member A.LLE.E. and A.E.R.A.
Fellow A.A.A.S.

Electric Railway Engineering

Transmission Systems Industrial Plants
Reports Appraisals

49 WALL STREET NEW YORK

Investigations and Reports Automobile Engineering

Cornwell Bldg. ANN ARBOR, MICH. STATE COLLEGE PENNSYLVANIA

QIR

J. G. WRAY & CO.

Engineers
J. G. Wray, Fellow A.L.E.E. Cyrus G. Hill

Utilities and Industrial Properties

Appraisals Construction Rate Surveys

recerved by the 15th of the month. Plans Organization Estimates
Financial Investigations Management

THE J. G. WHITE
ENGINEERING CORPORATION
Engineers—Constructors

To be printed in the following

1ssue, copy for cards must be

LT 1y BETTTT ¢ R

Industrial Plants, Buildings, Steam Power
Plants., Water Powers, Gas Plants, Steam &
Electric Railroads, Transmission Systems.

= 43 EXCHANGE PLACE NEW YORK 1217 First National Bank Bldg., Chicago £
%‘IHIIll"l|l|III|||IllI”Nl|IIIIIII'IIIIIIIIIIIIIIllIIIIIIIIIIIIIIIIIHIIIIIII|||IIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIllIHIIIII||I|ll|IIIIIlII|II|||||||I|I"I|||IIIIII||IlllIlIIIIIIIIIII|l||HlIIIIllllllIIIll|llIllIll|lllHIIIIIIIIIlIIIlIH|IIIIlIIIIIIIIllIIIIIIIlIII|IIIIlIIIIIII|IIII|llIIllIlIIlIII|||IIIIllIIIIlIIIII|1||IIIIIIIII!|"IllII|IIlIllIIII"IIIIIIIIlIIl IIIIIIIIHIIIIIIHHIIHIIHnIIIlIIE
gummmmumnmmmuummmnlu!um_lumlummuulmmulmummmum|||||mmumuummmm||mummmmnmmummummmmmmmnmlnmmm||mmm||mmmummmlnunmmnmmnmmuunmmlmmummnummmmmnm|||muuulmmmnmmu;:mmmmmmummummlmummuuumm;
H ELECTRICAL Inspections — Tests — Research £
§-_ Tests may be used by the purchaser for the following purposes: §
= TESTING (1) To determine the quality of competing samples. This enables the purchase =
=3 of the best gquality for the money. =
= LABORATORIES (2) To make sure that shipments comply with specifications. This makes possible =
E the assurance to the customer that shipments match buying samples. g
E 80th Stréetand East End Ave. (3) To furnish an impartial decision in case of disputes between purchaser and £
= NEW YORK manufacturer. g
= Testing place the whole buying problem on a sound basis. =

Bl
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A Great Engineering Library

TR

THE Engineering Societies Library, 33 West 39th St., New York, is a

reference library for engineers, directed by the national engineering
societies. It contains 150,000 volumes and rececives 1500 periodicals
relating to civil, mining, mechanical and electrical engineering, metallurgy
and industrial chemistry.

L T e

A staff of experienced investigators is available to make searches
upon engineering subjects, prepare lists of references and translate
engineering publications from foreign languages.

The Library can also supply photoprint copies of any articles appear-
Ing I engineering journals, old or recent. Prices for any services will be
quoted on application.

At Your Service
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closes all of the live parts of the Tork Clock
is molded of Bakelite.
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% The switch housing which completely en-
=

LAV A insulators are:

Durable and dependable in-
Made to special
They offer the best

in accuracy and quality.

sulators.
design.

AMERICAN LAVA CORPORATION
27-67 Williamson Street
CHATTANOOGA, TENNESSEE

Manufacturers of Heat Resistant Insulators

R RS

A SO SAHHE

There is one investment
on which you can’t go wrong—

U.S. Treasury Savings Certificates
are guaranteed not to depreciate
but always increase in value.

Their safety is unquestioned — their con-
venience as to denomination and
ease of purchase is unsurpassed.

They are issued on a discount basis and
run for five years.

$25
20.50

Denominations
Prices

$100
82

$1000
820

Buy them at your local Post Office

United States Government Savings System
Second Federal Reserve District *

97 Maiden Lane - New York City
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The three parts of the switch housing are molded to
such exact dimensions that there is no need for any
machining, tooling, or fitting before assembly. The
trade-mark and manufacturer’s name are