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Improvements in Ferro -Alloy Electric Furnaces of High
Power Input

BY B. D. SAKLATWALLA and A. N. ANDERSON
Both of the Vanadium Corporation of America, Bridgeville, Pa.

Review of the Subject.-The paper deals with the subject
of efficiency of power input in ferro-alloy furnaces and discusses
the electrical factors to be considered in the design of the leads for
achieving such efficiency. It also describes a new system of regu-
lation, whereby the furnace temperature is kept constant by keeping

the energy input constant by means of true watt regulation. Also
several factors in design and construction, are discussed, which
help to keep the load -factor of the operation as close to 100 per cent
as possible.

ALL metallurgical furnace operations can be divided
into two general classes, the one consisting of re-
ducing ores by means of a reducing agent, com-

monly carbon, and the other consisting of remelting and
refining already reduced metals. The electric furnace
has been adapted to both classes of operations. To the
latter class belong the steel and brass, and to the former
the ferro-alloy furnaces. As the heat energy required
for reduction of ores is much greater than that required
for the mere melting and refining of metals the ferro-
alloy furnaces are fed by comparatively very much
larger amounts of power. Consequently, the structure
and arrangement of these furnaces have presented more
interesting problems from the standpoint of the electri-
cal engineer.

Since the classical experiments of Moissan more than
thirty years ago to reduce metals in the electric furnace
the application of electrical energy has constantly
widened in this field. The furnaces have not only
been constructed for a constantly increasing number of
products but also have increased in their size and power
input, so that today furnaces having a 12,000 or even
more kv-a. capacity are commercially operating.
Undoubtedly in the United States the Niagara district
can be called the cradle of this industry. It was there
that the carborundum, aluminum, graphite, carbide,
and ferro-alloy furnaces had their inception and com-
mercially established by the efforts of such men as Hall,
Acheson and Price, and from there with the develop-
ment of power projects spread to other industrial
locations. -

In the early days little was known of the electrical
phenomena met with in alternating currents of higher
than 25 -cycle frequency and little attention was given
to the purely electrical phases of the problem. Practi-
cally the only consideration given was to have sufficient
conductor cross-section for a predetermined current.
The pressure to be employed was arbitrarily chosen.
It was considered dangerous to go over 100 volts on a
furnace. The control of the arc and of the bath
resistance, and the spacing of the electrodes were con-
sidered not practical with high voltages. Generally
the pressure decided on was between 40 and 80 volts.

Presented at the Spring Convention of the A. I. E. E.,
Pittsburgh, Pa., April 24-26, 1928.

As the size of the furnaces and their power inputs in-
creased it was found that the conductors heated up
excessively in spite of the fact that the current density
was no greater than in the smaller initial installations.
Addition of extra copper was helpful but did not effect
a cure. The conductors insisted on heating up with a
density as low as 400 amperes per square inch. Un-
doubtedly other factors had to be taken into considera-
tion, especially as frequencies higher than 25 -cycle had
to be encountered. As 60 -cycle current became more
and more standardized it appeared for a time that
furnace energy input at this frequency had reached its
limit at 3000 kv-a. Meanwhile alternating -current
phenomena were being studied and investigated by
such men as Steinmetz, Northrup, Carson, Dwight,
Roland, Rosa, Grover, and others, especially in refer-
ence to skin effect, spacing and shape of leads for heavy
duty conductors. The theoretical considerations of
skin effect had been studied mainly with reference to
currents of high frequency, though undoubtedly this
effect is present in heavy conductors carrying large
currents at low frequencies. W. C. Kennedy in a paper
presented before the Association of Iron and Steel
Electrical Engineers in 1917 stated that the resistance
loss due to skin effect on a 3750-kv-a., three-phase,
furnace, at 12,000 amperes per phase, was by actual
measurements about 11 volts per lead, the drop with-
out skin effect being 0.15 volt for 10,000 amperes.

Numerous suggestions for cutting down impedance
by methods of distribution of current, by proper spacing
and dimensioning of bars, looping the circuit, so-called
interlacing, etc., were forthcoming and eagerly investi-
gated. Putting them into actual practise had, how-
ever, been deferred. It was, therefore, the desire of
the authors to practically carry out these theoretical
considerations in the design of ferro-alloy furnaces they
were responsible for.

It appears to have been common practise for .some
time to employ tubular conductors for high-tension bus
structures. However, they do not seem to have found
use as conductors for large currents.

It appears to be generally accepted that the skin
effect resistance factor of flat strip conductors is less
than that of equi-sectional solid round conductors.
This holds good only under certain conditions at corn
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mercial frequencies, the effect being influenced by the
relative position of parallel conductors the current

alues of which are of opposite sign. Surveying all
available data it indicated that copper tubes would
have much less skin effect than equi-sectional conduct-
ors of any other form.

The ideal a -c. installation would have a total im-
pedance equal to that of a d -c. installation of equi-
sectional conductors. This would mean that the fac-
tors of skin effect, reactance and inductance in a -c.
leads must be eliminated. As the elimination or
neutralization of all these factors is very difficult, if not
impossible, it follows that the best solution of the prob-
lem in a practical installation, would be the use of
conductors of such shape, spacing and arrangement
that the total impedance or a -c. resistance ratio to the
d -c. resistance would approximate unity.

In the design under consideration, preliminary ex-
periments from a metallurgical standpoint had proved
the advisability of high voltages and also high -current
density. As 220 was a standard pressure it was chosen.
In order to secure high -current density, graphite was
selected as electrode material and the size chosen was
12 in., the largest commercially available. Keeping
the current density on the electrodes at about 100 am-
peres per square inch, ten to twelve thousand amperes
could be obtained in each arc which for a three-phase
three electrode equipment would represent a total en-
ergy of 4000 kw. This was adapted as a standard unit.

Since prevailing electric furnace practise was to use
woven standard conductors or multiple straps in the
endeavor to secure increased surface for a given carry-
ing capacity of copper, and since this practise was found
to result in considerable resistance loss in the conduct-
ors, also since many instances were found where no
attempt had been made to investigate these phenomena
it was thought that an effort to obtain the relation
between factors influencing the passage of large current
through such conductors might point the way to better
practise.

Accordingly,  a current density of 800 amperes per
square inch of copper section was decided on with con-
ductors 40 feet long. It was decided to investigate
mathematically 8 different types of secondary trans-
former lead construction. Thege methods together
with the tabulated results are shown in Table 1. The
first three columns show different arrangements of 4 in.
by A in. copper strips; fourth column an arrangement
of 5 in. diam. copper tubes; the fifth and sixth columns
4% in. diam. copper tubes; the seventh and eighth
3 in. copper tubes interlaced.

The results thus obtained indicated two promising
methods. The first being from column No. 3 consisting
of 72 strips of 4 in. by A in. copper interlaced and
spaced A in. apart. The second in column No. 8 consist-
ing of 12 copper tubes of 3 in. diameter spaced 7 in. center
to center. For the two systems considered, calculated

values as tabulated indicate the ratio of the a -e. reriint-
unce to the d -c. resistance and the total line !ohm for the
tubes to be practically I '4 of that of the htrippi.
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The reactance volt -drop for all of the systems was
then calculated for varying power factors at full load
and results plotted as shown in Fig. 1 for power factor -
voltage loss. Here the 4 in. by in. strip inter-
laced showed up to much better advantage than the
others for power factors of less than 99 per cent. On
the other hand, as a preliminary experimental 750 -kw.
furnace was found to operate at a power factor very
close to unity, it was decided that the same precaution
taken to insure a high power factor could be utilized for
the 4000 -kw. unit. Moreover, the indicated reactance
volt -drop for the interlaced 3 -in. tubes would serve as a
protection in case of sudden heavy overloads or possible
short circuits, which, probably on very rare occasions
only, are balanced in a 3 -phase, 3 -electrode system -
the greater the state of unbalance the greater being the
drop in voltage.

To summarize the tabulated calculations it is found
that:

1. The larger the cross-section of the conductor the
larger the skin -effect. This effect is appreciable at fre-
quencies of 60 cycles for conductors greater than Y2 in.
diameter.

2. Skin -effect is higher in straps than in tubes of
equi-sectional area with subsequent higher power loss.

3. Distribution of the current over the sectional area
of a conductor is not affected by the inductive disposi-
tion of the conductor, since the internal inductance is
unaffected by the mutual inductances.

4. Inductive reactance may cause considerable volt-
age drop in the electrode leads.

5. The larger the diameter of the conductors the less
the inductance.
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6. The farther apart the conductors the larger the
inductance.

7. When inductive reactance expressed as per cent
reactance drop amounts to 20 per cent or more, the
actual volts drop in the line increases rapidly with de-
creased power factor.

Considering these factors, namely, the calculated
voltage drop and line loss, the probable advantage of a
progressively increasing voltage drop with decreasing
power factor, and the fact that a bus structure of large
copper tubing gave promise of a simple and rugged
construction, it was decided to install 12 copper tubes
of 3 in. diameter, interlaced and spaced 7 in. center to
center, fixing the current density at approximately 800
amperes per square inch.

/40

/00.0 90

FIG. 1-POWER FACTOR-VOLTAGE LOSS CURVE
TYPES OF CONDUCTORS

FOR VARIOUS

Next in order was to find a transformer so constructed
that its secondary terminals could be brought out to
allow the installation of the tubes as planned. The one
purchased is wound with two secondary coils per phase,
making four terminals per phase and the adjacent leads
are brought out plus and minus. In the 12 terminals
thus brought out the alternate plus and minus arrange-
ment is continued over the series.

The transformer delivers a 4000-kv-a. output at
40 deg. cent. temperature rise and 5000-kv-a. at a rise
of 55 deg. cent. It is water cooled, 3 -phase, 60 -cycle.
The high-tension voltage is 22,000, low-tension, 224
volts at no-load which drops to 220 volts at full -load
with 100 per cent power factor and 209 volts at a power
factor of 90 per cent. The actual transformer imped-
ance is 11.3 per cent.

The nearest approach to the tubular form of con-

ductor for flexible leads for connecting the movable elec-
trodes to the bus structure is the familiar asbestos cored
extra flexible cable developed expressly for furnace
operation. Consequently this type of cable of 1,000,000
circular mils diameter is used. There are 16 cables per
phase, making 4 cables for each of the 3 -in. tubes. The
other end of the cable is connected to a 5 -in. copper tube,
about 8 feet long running across the furnace to the elec-
trode holder. Directly underneath the terminals of
the 3 -in. tubes, which terminate at different lengths to
allow placing of cables, are 3 slabs of slate each drilled
with a hole just large enough to pass a cable. The 16
holes per phase thus drilled are in the form of a square,
the spacing being such that each cable is 2 in. away from
its neighbor. This spacing is maintained throughout
the cable length by means of grooved blocks, one block
clamping a row of 4 cables on both sides. These blocks
also serve to prevent swaying motion of the cables with-
out interfering with the up and down motion.

The general scheme of arrangement for adjacent tubes
was applied to the cables. The "delta" connection is
formed at the end of the 5 -in. tube projecting over the
back of the furnace and the cables are so placed that
those carrying current of opposite sign are adjacent
both with respect to cables in the same square and
neighboring cables of adjacent squares.

This method of construction with respect to arrange-
ment of the 3 -in. transformer lead tubes and the flexible
cables results in a very material reduction of impedance
due to a -c. effects, as total resistance under full -load
tests is increased but slightly over the measured d -c. re-
sistance, the excess being less than 2 per cent with
phases balanced. The absence of material reactive
and inductive influences, and the absence of any iron
forming magnetic fields in the circuit, naturally cause
little if any disturbance in the phase relation between
the impressed e.m.f. and the current, allowing the sys-
tem to operate at a very high power factor.

Slight unbalancing of current values in the several
leads does not materially affect the power factor.
Heavy unbalancing however sets up impedances at
which the power factor had been observed to drop be-
low 0.6 and the voltage at the furnace, due to reactive
inductance, drops approximately in accordance with
the calculated power factor -voltage drop curve.

The phenomena of inductance and reactance are here
utilized for the purpose of protecting the complete elec-
trical equipment against heavy overloads, yet allowing
it to operate at maximum efficiency when under control.
It may be here pointed out that this effect could be
further augmented by substituting for the 5 -in. copper
tubes over the furnace roof, a continuation of the inter-
lacing system employed for the cables by extending the
cables to the electrode holder, or by means of tubes or
strips.

In order to control and keep up an electrical balance
it is essential that the control mechanism employed be
sensitive to slight changes in power and rapid restora-
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tion of balance. Moreover, for this particular installa-
tion on account of metallurgical reasons it is necessary
that the effective watt input to the furnace be con-
trolled. Accordingly a control of this type was developed
as shown in Fig. 2. The principal elements of the con-
trol consist of a watt measuring device and means for
reversing rotation of motors to operate the electrodes.
The watt element selected is that on the principle of the
well known "Kelvin Balance" in which the movable or
floating element coils receive the impressed e.m.f. of the
circuit and the fixed coils a current proportional to that
in the conductors. Each phase is regulated by its own
watt element. The fixed coils are fed from a current
transformer on the high-tension side corresponding to
its low-tension component. The movable potential
coils receive their energy from the low-tension side of

FIG. 2

the phase to which they are connected. The circuits
operating the reversing switches of the electrode motors
are closed and opened by relay method. The movable
coil beam is provided with two-way contact points
placed one above the other connected to a circuit of
very small amperage (0.02 ampere), taken direct from
the low-tension lines, energizing magnets placed in the
motor switch cabinet.

At a predetermined wattage, obtained by means of a
spring calibrated against the pull exerted by the mova-
ble coils, the beam is floating in balance and out of
contact. As soon as any watt fluctuation occurs the
beam is inclined and makes contact with one of the two-
way points, closing the circuit operating the relay mag-
net in the switch cabinet. The point at which the
beam makes contact depends on whether the pull is

exerted by the spring overcoming the magnetic pull, in
event of under load or vice versa for overload. The
actuated relay magnet in the switch cabinet closes a
circuit energizing another larger coil containing a plun-
ger which lifts contact arms into the path of other con-
tact arms in constant to-and-fro rocking motion. The
meeting of the contact arms closes the circuit opera-
ting the electrode motors. The motion of the non -

racking arms is controlled by means of very fine ad-
justments which allow them to meet the rockers during
the desired part of the arc described by them, the speed
of the rockers at the same time being variable. The
rocking arms also make and break contact of the circuit
operating the coils energized from the watt balance,
which eliminates unnecessary closing of circuits, which
in turn very materially cuts down the wear on the con-
tacts affected.

Further to facilitate quick regulation and restora-
tion of balance in the furnace a "selective regulation"
device is applied. This consists of a set of 2 plunger
magnets and a lamp in series per phase, one terminal of
each set is connected to its respective phase, the other
terminal being connected to the furnace. The lamps
serve as pilot lights visually indicating the relative re-
sistance between electrodes and furnace bath. The
plunger magnets, one each for the up and down side of
the motor reversing switches are so arranged that a
change in current values causes the plungers to change
positions from a predetermined neutral point adjustable
by means of weights. Magnetic field exerts an upward
pull on one plunger and a downward pull on the other.
When the furnace load is balanced and resistance under
electrodes equal, the plungers are all in the neutral posi-
tion. A disturbance of potential balance in the furnace
between the bath and electrodes causes a corresponding
unbalance in the magnet coils and one or the other
magnet of each set allows its plunger to drop. The
dropping plunger opens the watt balance relay circuit
for the up or down switches, depending on the nature
of the disturbance, rendering one or the other of all the
motor switch sets inoperative. For example: Should
the resistance under one of the electrodes suddenly drop
it would cause an increase in the furnace load and set
all of the switches to work to raise the electrodes,
however, as the decreased potential between the bath
and the particular electrode causing the trouble de-
creases the current in the magnet controlling downward
motion of the electrode decreases and allows its plunger
to drop thus opening the relay circuit, but as the other
magnet in the same set does not pull its plunger down
the upward motion of the electrode is left undisturbed
and the electrode is raised to restore balance. At the
same time the current in the other sets is increased and
causes the respective plungers to be pulled down there-
by opening the relay circuit controlling the upward
motion of the electrodes. This renders the switches
for raising electrodes inoperative except for the elec-
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trode which caused the trouble. Reversed condition
reverses the operation of the magnets. Thus when one
of the electrodes is out of balance this device throws the
other two electrodes out of circuit and holds them in
position while the unbalanced electrode finds its ad-
justment thereby restoring operating condition in much
quicker time. By means of these regulations the period
of contact of the arms and duration of circuit closing on
the motors can be regulated to a great degree of nicety
avoiding unnecessary movement of electrodes and wear
and tear on the regulating equipment.

The general arrangement of the electrical equipment
consists of two incoming 3 -wire, 3 -phase 22,000 -volt
feeder lines, equipped with lightning arresters and choke
coils, automatic oil switches opening on overload and
reverse current. A set of disconnecting switches are
placed on each side of the oil switches. The lines feed
parallel into a common set of busses. Each furnace
transformer is connected to the bus through disconnect-
ing switches and automatic overload and no -voltage
release oil switch. All high-tension conductors within
the building are of copper tubing. The secondary leads
of the transformer are equipped with a set of disconnect-
ing switches operated by hand or motor for "deaden-
ing" the portion of equipment situated in the furnace
room, leaving the transformer alive to furnish power
for motor drive, etc. The control room, containing all
instruments, regulators, relays, etc., is a totally enclosed
compartment. All instruments are placed on pedestals
and the regulators in cabinets. This allows ready and
easy access to all parts of the wiring and facilitates re-
pairs. The low-tension disconnecting switches are
operated from the control room. Switches of the same
phase are levered to a common shaft and these shafts
extend through the wall to the control room.

Each furnace is equipped, beside the regulators, with
graphic recording watt meter, watt hour meter, volt-
meter, ammeter for each phase and power factor meter.
All of the instruments for the first unit installed are of the
recording type to facilitate the study of the operation.
The control room also contains a frequency meter. The
furnaces may be regulated automatically or by hand-
remote control. All switching, except high and low-
tension disconnecting switching, is by means of remote
control. An automatic change -over switch is located
directly under the control room. This switch serves to
connect the main factory feeder lines with a "live"
transformer. It automatically shifts from a dead
to a live line. ' It is operated, when desirable, by remote
hand control from the control room. A spare met of
regulator switches is provided that may be used on
either furnace as may be required. A small auxiliary
control room is located in the furnace building. This
room contains switches for raising and lowering elec-
trodes, ammeters and voltmeters. It is installed for
the convenience of the furnace operators to enable them
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to change electrodes quickly and other work connected
with the operation. While using these switches the
main control room is automatically cut out and the
motor speed automatically doubled. All high-tension
leads and equipment are contained in bus structure and
partitioned off from the rest. One transformer is
placed in a vault, the other is of the out -door type.

It is highly desirable that an electric furnace operation
of this nature be made continuous with interuptions as
few and short as possible. With this view in mind
facilities for rapid change of furnaces and of electrodes
have been provided. The furnaces are placed on a
double set of rollers at right angles to each other, so
that when the furnace needed relining it was rolled out
of its position, then rolled aside and a spare one already
lined rolled into its place. This method of change can
be effected in less than two hours time.

For the same reason an electrode holder was designed

FIG. 3

to curtail the time of electrode changes. The holder
used works on the friction -contact principle, eliminating
all bolts, nuts or other tightening devices. It consists
essentially of three members, (1) the outer casting of
copper, forming a hollow water-cooled ring having a
slight taper on the inside; (2) a copper ring fitting inside
of the water-cooled ring and having its outside surface
tapered to conform to the inside surface of the first
member; (3) bronze wedges fitting between the second
member and the electrode. In operation the second
member is applied to the electrode by means of the
wedges, this taking place on the furnace room floor and
the electrode thus provided is lifted with the crane and
simply dropped into the first member, making a friction
contact by its own weight. The arrangement is shown
in Fig. 3.



780 SAKLATWALLA AND ANDERSON: ELECTRIC FURNACES Journal A. 1. E. E.

The advantage of this device, besides saving time, is
that it obviates the necessity of loosening or tightening
bolts or other devices on top of the furnace where
working conditions are disagreeable. Further, should
the holder get hot, as the water-cooled outer ring and
electrode do not expand, the only material that can
expand would be the second member ring and the
wedges, which would produce a tighter contact, instead
of a looser one, as in the case of a holder of the ordinary
type. Also, as the electrodes are prepared for service
between changes, under agreeable working conditions
and at more leisure, it follows that, in preparing the
wedges and ring they are properly cleaned and adjusted,
insuring good contacts. This holder permits the change
of an electrode in 1 to 2 minutes.

This furnace equipment operates at an average power
factor of 99 per cent and an over-all electrical effi-
ciency - for transformer and low-tension leads to elec-
trode -of 98.5 per cent. Repeated tests in operation
check well with calculated values.

The practical experience and data gathered from this
installation indicates the advantage of application of the
principles involved to large input furnaces for various
metallurgical operations. Also they indicate the feasi-
bility of larger installations probably with twice the
power input operating with equal high efficiencies.

WATER POWER INVESTIGATION TO BE
MADE BY THE INTERIOR

DEPARTMENT
During the field season of 1923 extensive river

surveys will be made by engineers of the Department
of the Interior, Geological Survey, to determine the
possibility of developing power on streams in practi-
cally all the public -land States. These surveys will
be made by plane -table methods and will include
a plan and profile of the river and contours to a height
of 200 feet or more above the water surface. Where
the conditions are favorable to the construction of
dams or reservoirs, special surveys will be made
for mapping on a relatively large scale. Hydraulic
engineers will select the dam sites and geologists will
examine and report upon the geologic features of those
that appear to be the most favorable.

These surveys and the records of stream flow col-
lected by the Geological Survey form the basis for the
classification of public lands with reference to their
value as power sites. Most of the maps made will be
published and will be available for purchase at moderate
prices. Many of the reports prepared as a result of
such surveys are published as water -supply papers or
are kept open for public inspection at the district
offices of the Geological Survey as well as at Washington
D. C. A complete inventory of the water -power
resources of the public -land States is thus being prepared.
The program for 1923 includes the following work:

In Oregon 300 miles of Rogue River and tributaries
will be mapped and surveys of dam sites will be made.

In northern California and Oregon, the surveys of
Klamath River from Keno, Oreg., to its mouth will
be completed. This work will involve 100 miles of
additional surveys.

In Utah, surveys covering 100 miles will be made on
East or Yellowstone Fork of Lake Creek, West Fork of
Lake Creek, Rock Creek, Duchesne River, and Uinta
River.

In Idaho, surveys of a dam and reservoir site will
be made on Salmon River.

In Montana, a dam site on the South Fork of Flat-
' head River will be surveyed and a reconnaissance will
be made to determine the possibility of using Missouri
River and its tributaries above Great Falls, Mont.,
for power purposes.

In Colorado, surveys will be made on South Boulder
River, Clear Creek, Chicago Creek, St. Vrain Creek,
Left Hand Creek, Big Thompson River, North St.
Vrain Creek, South St. Vrain Creek, and Middle
Boulder River, all tributaries of South Platte River.

In Wyoming, surveys will be made on Sweetwater,
North Platte, and Encampment rivers.

In Arizona and Nevada, 300 miles of Colorado
River will be mapped.

In Washington, investigations of the Columbia
Basin irrigation project are now being made.

Public lands reserved for use in connection with
power sites and shown by these surveys to be without
power value will be recommended for restoration to
entry. Lands that may be used in connection with
power sites but that are well adapted to other uses
will be recommended for restoration to entry with a
reservation of the right of the United States or its
permittees to use them as power sites. Public lands
that are found to be valuable as power sites and that
are not already reserved will be classified as power -site
lands and withdrawn from entry.

WATER POWER INVESTIGATION
LEAD RESISTANCE IN CURRENT -TRANSFORMER

TESTS
In the accurate use of current transformers, such

as are used for the measurements of large amounts
of power supplied at high voltage, it is very essential
that the transformers be tested when connected to a
secondary circuit which is identical with or equivalent
to the circuit with which they are used. The apparatus
by which such devices are tested in standardizing
laboratories such as that of the Bureau of Standards,
necessitates the introduction of a certain amount
of resistance into the circuit. If the circuit with
which the transformer is to be used contains a lead
resistance of as much as one -tenth ohm, it is quite
feasible to substitute the testing apparatus for these
leads when the transformer is tested. In case, how-
ever, the leads used with the transformer have much
less resistance, it becomes impracticable to make the
calibration under precisely the same conditions as
those under which the transformers are used.
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THE subject of arcing grounds in transmission sys-
tems is one of the greatest interest to operators of
power systems of any extent. The almost uni-

versal grounding of the neutral in this country is done
primarily to alleviate the destructive effects produced
by arcing grounds. However, in spite of its great im-
portance, a clear understanding of what happens in an
arcing ground in not general. There is no agreement
as to the magnitudes of voltages and surges produced,
and the various theories proposed call for different
properties of the arc. The authors therefore considered
it well worth while to attempt in the laboratory to
duplicate the conditions of an arcing ground on a trans-
mission system and by spark gap determinations of
voltages and by oscillograms to determine the maxi-
mum voltages developed and to discriminate between
the various theories proposed.

TRANSIENT CONDITIONS IN ELECTRICAL SYSTEMS

Any sudden change in the constants in an electrical
system in general produces transient oscillations which
superimpose themselves upon the normal voltage and
current distributions in the system. A simple example
may be given in the closing of a switch in a circuit
containing inductance and capacity in series, such as is
indicated in Fig. 1A. Fig. 1B shows the manner in
which the condenser acquires the voltage of the power
supply, the battery. The voltage on the condenser
does not at once come to that of the battery but there is
a transient oscillation about this voltage provided the
resistance in the circuit is not too great. The initial
amplitude of the oscillation will be equal to the change
in voltage which the condenser must undergo in passing
from its initial condition to the final steady condition.
Therefore, in Fig. 1B the maximum voltage which the
condenser momentarily takes on is approximately twice
the voltage of the supply.

In respect to the effect upon the insulation of electri-
cal apparatus two factors must be considered in these
transient oscillations. One is the absolute value of the
potential reached in the oscillation and the other is the
rapidity or steepness with which the potential changes
during the transient condition. The latter factor plays
an important part in determining the distribution of
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potentials within the apparatus during the transient
condition, whereas the former determines the stress
upon the insulation to ground. In transmission systems
rapidly changing or steep wave front surges are im-
pressed upon the apparatus as a result of the distributed
character of the inductance and capacity as will be ex-
plained in more detail later in the paper. The type of
oscillation considered in the first part of the paper,
which will deal entirely with lumped inductances and
capacitances, will involve changes of potential which
are so slow that practically only the absolute value to
ground will be important.

It is obvious that an arc when it starts constitutes
just such a sudden change in the constants of a circuit

;3.

5

Voltage

FIG. 1-SIMPLE OSCILLATING CIRCUIT

as has just been described so that when it strikes, an
arcing ground must necessarily set up oscillations similar
to those set up by closing a switch. However, there is
a concensus of opinion that an arcing ground has in it
more elements of danger than would correspond merely
to this effect. It is generally believed that short-cir-
cuiting a line permanently to ground will not produce
nearly the same disastrous results as arcing grounds are
known to do.

781

THEORIES OF THE ARCING GROUND

Three theories to explain the high voltages induced
by arcing grounds have been proposed. To explain
these three theories in a similar manner the authors pre-
fer to describe the action going on in an arc by an artifice
of properly manipulated switches. The resistance of
an arc is not a constant quantity but may vary from a
practically infinite value when the current through it is
very small, to an almost zero value when the current
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through it is very large. Thus when alternating or
pulsating currents traverse the arc the resistance of the
arc may undergo changes which may keep pace with
these pulsations or alternations of current. A switch
also may be made to vary the resistance in a circuit from
very high to very low values. The three theories may
be classified according to how the change of resistance
of the arc from low to high values or vice versa or the
equivalent switching is controlled.

THEORY I. SWITCHING CONTROLLED BY THE
HIGH-FREQUENCY OSCILLATION

This is usually known as the theory of generation of
high -frequency by the "negative resistance" of the arc.
The Poulsen arc generator of radio frequency currents
operates on this principle. The manner in which oscil-
lations are built up when a switch is operated synchron-
ously with the natural period of an oscillating circuit
which it shunts may be seen from Fig. 2. Fig. 2A shows
the circuit diagrammatically and Fig. 2B shows the
building up of voltage on the condenser as the switch is
operated. Beginning with the switch open, the con-
denser C is charged to the voltage of battery B with
zero current flowing through the inductance L and re-
sistance R. On closing the switch the condenser begins
to discharge through the inductance giving an oscilla-
tion, such as has just been described, about the zero
voltage value to which the condenser would ultimately
come if the switch remained closed. However, suppose
at the end of a half cycle of this oscillation at the mo-
ment the current from the condenser is zero, the switch
is opened. At this moment the condenser has a nega-

(a)

T C Switch

Closed

Switch

Opened

FIG. 2-GENERATION OF OSCILLATIONS BY SYNCHRONOUS SWITCH

tive voltage equal in magnitude to the positive voltage
which was first impressed upon it. An oscillation then
begins in the circuit consisting of the condenser, induct-
ance, resistance and battery. At the start of this os-
cillation the voltage of the condenser will add to the
voltage of the battery in building up current through
the inductance L and the resistance R. If the, switch
were left permanently open after the transient oscilla-
tion, the condenser would again come to have the volt-

age of the battery B. The amplitude of the oscillation
will therefore, as Fig. 2B shows, be equal to twice the
battery voltage so that the maximum potential which
the condenser attains will be after the first half cycle of
this oscillation equal to three times the battery voltage.

Now suppose at this moment the switch is again
closed. The condenser, charged to three times battery
voltage, again undergoes an oscillation and after a half
cycle has a negative voltage three times that of the
battery. We may again suppose the switch opened.

(al

3

Switch Switch

Cooed Opened

4

FIG. 3-SWITCHING CONTROLLED BY 60-CYCLE CONDITIONS IN
SINGLE-PHASE CIRCUIT

The oscillation which then takes place in a half cycle
will bring the condenser to a positive voltage of five
times that of the battery. In this way the voltage on
the condenser may build up to indefinitely large values.

Of course the resistance of an actual arc may not
range from zero to infinite values. A closer approxima-
tion to the action of an arc building up oscillations, due
to its "negative resistance" characteristic may be ob-
tained by using one or more switches shunted by and in
series with properly chosen resistances.

To apply this theory to an arcing ground on a trans-
mission system, Fig. 3A will more nearly represent ac-
tual conditions. The oscillating circuit will then be
the inductance and the capacitance of the grounded
phase, L1 and C1, or the inductance of the generating
system and the inductances and capacitances, L2 and
C2, of the ungrounded phases, or both.

THEORY II. SWITCHING CONTROLLED BY
60-CYCLE CONDITIONS

Again using Fig. 3 we may follow the oscillations and
the resultant development of potentials which ensue
when the changes in the resistance of the arc or the
opening and closing of the equivalent switch are con-
trolled entirely by 60 -cycle conditions. Let us suppose
that the striking of the arc or closing of the switch takes
at the moment when the 60 -cycle voltage across it is a
maximum and that the extinction of the arc or opening
of the switch takes place when the 60 -cycle current
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through it is passing through zero. Assume that the

two capacitances in Fig. 3A are equal or that a single-

phase transmission line is being considered. Just before

the first closing of the switch the voltages on the condens-

ers will be as shown in portion 1-2, in Fig. 3B. Now,

when the arc strikes or the switch closes at 2, L1 CI un-

dergoes a rapidly damped oscillation, damped because

we are supposing that the resistance of the arc does not

follow or synchronize with this high -frequency oscilla-

tion. C2 L2, together with the inductance of the supply
system, will undergo a somewhat lower frequency os-
cillation, but also damped. The maximum potential
reached by C2 during this oscillation will be three times
normal voltage while the maximum voltage reached by
C1 will be nearly equal to normal voltage. When the

effects of these oscillations have completely disappeared
the voltage on C1 will remain zero, while the voltage on
C2 will be 60 cycles and double its former value and
equal to that impressed by the generating system.
This condition of affairs is shown in portion 2-3, in
Fig. 3B.

The current through the arc or closed switch is now
the charging current of the condenser C2. It will,
therefore, be zero at the moment when the voltage on
C2 is a maximum. Let us suppose, then, that at such

a moment the arc extinguishes or that the switch is
opened. Opening the switch at this point evidently
leaves a charge trapped on the condensers. From this
point on the variation in supply voltage will again di-
vide equally between the condensers. The course of
of these voltages will then be as shown in portion 3-4,
Fig. 3B; the charge which is retained upon the condens-
ers causes their respective voltage waves to be dis-
placed from the former zero line by an amount equal to
their normal voltage.

If the leakage of the condensers is small this condition
will persist until the arc strikes or the switch closes for
its second time. Again we assume that this closing of

FIG. 4-CURVES 04P FIG. 3 REFERRED TO COMMON ZERO

the switch takes place at the maximum of the voltage
wave. Immediately after the striking of the arc tran-
sient oscillations take place, as shown at 4, in Fig. 3B,
just as took place at 2. However, it is obvious that
now the amplitude of oscillation of C2 will be twice as
great as that at 2 so that the maximum voltage reached
will be four times normal voltage. The maximum volt-
age reached by C1 will be twice normal voltage. Now
if we suppose the switch stays closed so that these os-
cillations completely damp out we will again be back in

the condition shown in portion 2-3. Again, during the
period 4-5, the voltage on C, will remain zero and that
on C2 will be 60 -cycle and of double normal value.
Again the arc will extinguish or the switch will open
when the 60 -cycle current through it is zero, which will
be at a maximum of the voltage wave of C2, as shown

at 5. When the switch does open we will then be ex-
actly in the condition as shown at 3 so that should the
arc strike again an oscillation will again take place
exactly as shown at 4 with the development again of
voltage four times normal on C2 and twice normal on
C1. Thus, however often the arc may restrike and re -

F3
E

A 1
vviv - - -

E

3

C3 C2 c,

4 5
6

FIG. 5-SWITCHING CONTROLLED BY 60-CYCLE CONDITIONS IN

THREE-PHASE CIRCUIT

extinguish, conditions will not become any worse than
that shown at 4.

To follow conditions more clearly in the three-phase
case, which will now be considered, it is desirable to
combine the two curves of Fig. 3B upon a common zero
line as shown in Fig. 4. Studying the curve of Fig. 4 we
see that during the periods when the arc is extinguished,
1-2, 3-4, 5-6, the two curves preserve an invariable
relation to each other but that after the extinction of
the arc 3-4, 5-6 are displaced so that they become tan-
gent to the normal zero line. During the periods that
the arc is on 2-3, 4-5, one of the condensers, except for
the transient oscillations, has a zero voltage. The
amplitude of the oscillation which takes place upon
each striking of the arc is equal to the change in voltage
which the condensers must respectively undergo in pass-
ing from the steady condition before the striking of the
arc to the steady condition after the striking of the arc.

Being guided by Fig. 4, we may now readily draw the
course of voltages under this theory for the case of a
three-phase transmission system. Fig. 5A is the dia-
gram of the three-phase circuit and 5B shows the volt-
ages on the condensers. Before the striking of the
arc in the portion 1-2 of Fig. 5B the three voltage waves
are in three-phase relation and symmetrical about the
zero line. After the first striking of the arc and after
the initial oscillations have died down, just as in Fig. 4,
one of the voltages will be reduced to zero while the
other two will take delta voltage symmetrical about
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the zero line. This is shown in portion 2-3.
When the arc extinguishes the three voltage waves will
will have the same position relative to each other as
they had in the portion 1-2 but will now be displaced so
that they are tangent to the zero line. After the arc
extinction again at 4 and after the oscillations have
damped out one of the voltages will again be zero and
the other two will be delta voltages about the zero line.
After the extinction of the arc at 5 the voltages will be
relative to each other again as in portion 1-2, but again will
be displaced so as to be tangent to the zero line as in 3-4.
The steady conditions of voltage before and after the
striking of the arc being known, the amplitudes of the
oscillations are readily determined. The amplitude
will, of course, be equal to the amount by which the
voltage on any one condenser must change to get from
the value it had in the steady state it was leaving to the
value it will have in the steady state it is reaching.

At the moment 2 in Fig. 5, condensers C2 and Cs, just
before the striking of the arc, have the voltage E,
where E is the normal voltage to neutral. After the
arc has been on long enough for steady conditions to be
reached the voltage will be 1M times normal voltage to
neutral. The amplitude of the oscillation which takes
place in going from the one condition to the other will
therefore be equal to the difference of 1M E and E,
or equal to E. Hence, it is obvious that the maximum
of voltage reached by the condensers C2 and C3 will be
2% times E.

Upon the second striking of the arc at 4, conditions
are different because of the fact that the voltage waves
are displaced in the portion 3-4. Here, before the strik-
;ng of the arc, the voltage to ground of the condensers
C2 and C3 will be -M E. After the arc has been on
long enough for conditions to become steady the voltage
of condensers C2 and C3 will have become -I-1M times
E. The amplitude of the intervening oscillation, there-
fore, will be equal to 2 times E, so that the maximum
voltage reached by the condensers C2 and C3 will
be 3M E.

From this point on, conditions will repeat with the
development of no higher voltages. Inspection of 5B
shows that the maximum voltages reached by the short-
circuited condenser C, will be equal to E on the first
striking of the arc at 2, and 2 E on subsequent strikings,
as at 4.

THEORY III. SWITCH CLOSING CONTROLLED BY

60 CYCLES AND OPENING BY HIGH
FREQUENCY

This is a theory which has been advanced and elabo-
rated by Petersen1 in recent years. This theory as-
sumes that the arc strikes at or near the maximum of
the 60 -cycle voltage wave but that the arc extinguishes
at a moment when the arc current passes through zero

1. E. T. Z. 38 Heft 47, Nov. 22, 1917, pp. 553-555.
E. T. Z. 38 Heft 48, Nov. 29, 1917, pp' 564-566.

as a result of that high -frequency oscillation which is
of intermediate frequency.

Referring to Fig. 6, we may follow the development
of voltages consequent upon this hypothesis. Again
considering the equivalent of a single-phase line with
equal condensers C, and C2, we have before the striking
of the arc equal voltages symmetrical about the zero
line in the portion 1-2 of Fig. 6B. The arc is then
supposed to strike at 2 when the voltages are maximum.
The short-circuited condenser undergoes a damped os-
cillation of high frequency. The other condenser be-
gins an oscillation which will be of lower frequency
because it includes the inductance of the generating
system. The initial amplitude of this oscillation is
evidently equal to E, the normal voltage to neutral.
The current through the arc corresponding to this os-
cillation will be zero when the voltage of this oscillation
reaches its maximum and at this point 3 the arc is as-
sumed to extinguish or the switch to open.

(a) 31E 31( 3°E 3-311

(b) 7
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FIG. 6-SWITCHING CONTROLLED BY HIGH-FREQUENCY
CONDITIONS

The voltage on condenser C2 at this moment is 3
times E, whereas that on condenser C, is zero. The
supply voltage, however, can only maintain a difference
of potential of 2 E between the condensers C, and C2.There is, therefore, an equalization of charge between
the condensers C, and C2 until the voltages on C, and C2
come to differ by 2E. Thus there is at 3 a charge equal-
izing oscillation and after this is damped out the voltages
of C, and C2 are, respectively, +1A E and +21A E. The
arc being extinguished, the course of voltage change of
the two condensers C, and C2 is as it was before in
portion 1-2 except that they are displaced from the zero
line.

We now suppose that the next striking of the arc or
closing of the switch takes place when condenser C1
reaches its maximum voltage to ground. This will be
one-half cycle later at 4 in Fig. 6B when the voltage of
C, will be -I-2M E and that of C2, + E. The arc
strikes; condenser C, loses its charge completely in a
rapidly damped high-frequency oscillation and condenser
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C2 begins a lower frequency oscillation. The steady
state value of voltage to which condenser C2 strives at
this point is -2 E. The voltage which it has at the

moment it starts the oscillation is + E. The ampli-

tude of the oscillation is the difference between these
two values, or 2% E. The maximum of voltage which

it reaches, therefore, will evidently be 4 E. At

the moment it reaches this maximum voltage by
the hypothesis as to the nature of the arc, the arc
extinguishes or the equivalent switch is opened. Again

there is an oscillation which equalizes the charge upon
the two condensers. Since one condenser must rise in
voltage through this -equalizing oscillation by the same
amount that the other condenser falls in voltage and
since 60 -cycle equilibrium will be obtained when the
two condensers differ in voltage by 2 E, it is evident
that after the equalization of charge the voltages of C1
and C2 will be respectively -11/1 E and -3 Vi E.

We may repeat this process at succeeding half cycles.
The series of maximum voltages reached by C2 will be

51/1 E, -55A E, +513/16E, etc., evidently approaching
6 E as a limit. The maximum voltages on C1 in a
similar manner approach the value 4 E as a limit.

If the condensers are not equal but in the ratio n, C2

= n C1, the limiting maximum voltages will be (4u -I- 2)

E, for C2, and 4 n E for C1, where 2E is the voltage
of the supply system. For the three-phase case, with
three equal capacitances, the limiting maximum
voltages figure out as 7.5 E for the ungrounded phases
and 6 E for the grounded phase, where E is normal
voltage to neutral.

In the discussion given here in Theory III, it has been
assumed that there is no leakage in the condensers. If
such leakage exists it is evident that it will operate to
limit the voltages reached.

PROPERTIES OF ARC REQUIRED BY THE THREE
THEORIES

The three theories discussed are all similar in depend-
ing upon the property of an arc of undergoing large
changes in resistance under various circumstances.
The theories differ in their hypothesis as to what these
circumstances are. It seems desirable, then, to examine
the three theories critically in the light of what is gener-
ally known of the properties of arcs in the air.

The familiar volt-ampere characteristic of an arc is
given in Fig. 7. Interpreting in terms of resistance the
figure states that the resistance of the arc is large for
small values of the current and small for large values of
the current. This seems to be exactly the characteris-
tic required by Theory 1, for in the discussion of Theory
1 the open switch or high resistance was introduced in
the circuit at the time the current from the condenser
was opposing the power current through the switch,
whereas the switch was closed or low resistance intro-
duced when the current from the condenser was adding
to the power current through the switch. However,
the curve of Fig. 7 is the relation obtained between volts

and amperes of an arc when the current through it
varies only slowly. If the current in the arc is varied

rapidly quite different characteristics may be obtained.
As an illustration of the change in the characteristic of
an arc when the current is varied rapidly we may refer

to Fig. 8, taken from "Fleming Electric Wave Telegraphy
& Telephony," 3d edition, 1916. The striking con-
trast between Fig. 8B and Fig. 7 indicates that it is not
permissible to assume that high frequency can be/sus-

0
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FIG. 7-STATIC CHARACTERISTIC OF ARC IN AIR

tained by an arc because it has a static characteristic
such as Fig. 7. In fact, in order to sustain high fre-
quency by means of arcs it has been found necessary,
as in the Poulsen arc radio frequency generator, to
adopt measures to prevent the altering of the static
characteristic such as by the use of powerful magnetic
fields and of special gases. Fig. 8A, for example, shows
a 60 -cycle arc between carbon electrodes in coal gas and
gives a characteristic more nearly like that of the static

400

300

200

100

0

100
(I)

0 200

300

400

100

0

Cosl Gas

(a)

1

100
-3 -1 0 1

AMPERES
2 3

FIG. 8A-DYNAMIC CHARACTERISTIC OF ARC IN COAL GAS
FIG. 813-DYNANIIC CHARACTERISTIC OF ARC IN AIR

characteristic of Fig. 7. These considerations rather
remove the possibility of Theory 1 of the develop-
ment of high voltage by an arc.

Theory III suffers under a similar difficulty in requir-
ing a property of an arc which is attained only when
special methods or measures are taken. In Fig. 8B, for
example, when the current passes through zero rapidly
the voltage necessary to reignite the arc is only of the
order of 40 or 50 volts, so that it is hardly likely that an
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arc in air will extinguish when a current of the order of
a few amperes is passing through zero at a rate corres-
ponding to a thousand cycles or more. The second
hypothesis, therefore, of Theory III, which requires
the arc to extinguish on the first passing through zero
does not seem to be well founded on the actual proper-
ties of arcs.

Theory II would seem to have the best substantiation
in the known properties of arcs. The arc, if it strikes
at all, will of course be most likely to strike at the peak
of a voltage wave. Again the arc, if it goes out at all,
will go out as the current is passing through zero and
the current will be passing through zero with the least
rapidity and therefore with the closest approach to the
static characteristic when it is the 60 -cycle or lowest
frequency current.

EXPERIMENTAL WORK

Apparatus: A photograph of the assembled appara-
tus used in these experiments is shown in Fig. 9. The
transformer used as a supply was 250 kv-a., single-phase,

FIG. 9-SET-UP OF TEST EQUIPMENT

2200-13,200 volt, 60 -cycle. A 228 -millihenry air cored
reactance was arranged in the primary side of the trans-
former so that it could be short-circuited or left in,
as desired. Various air cored reactors were used in the
high -voltage side and values are tabulated in the experi-
mental results. The condensers consisted of four units
each of 0.2 microfarads and were capable of with-
standing 100,000 volts. They were made up of fuller-
board in oil as the dielectric with sheet iron for plates.

Condenser bushings were also used where smaller
values of capacitance were desired. The spark gaps
for measuring the voltage developed were 12% cm.
sphere gaps. The gap used for producing the arc is
shown in Fig. 10.

The lower electrode was provided with a screw to
change the length of the gap and could be operated from
a distance by means of a string. The upper electrode
was on a swinging arm which could be moved by means
of an insulating rod. A pipe connecting with the
compressed air supply was brought up bearing on the

gap so that the arc could be subjected to an air blast at
will.

In order to take oscillograms without disturbing the
voltage conditions it was necessary to adopt special
measures to reduce the current required by the oscillo-
graph to a negligible value. This was done by the use
of three electrode vacuum tubes. A diagram of con-
nections is shown in Fig. 11. The tubes were experi-

FIG. 10-SWITCH USED FOR STRIKING ARC IN TESTS

mental 50 -watt radio transmitting tubes and were used
with plate voltages from 750 to 900 volts. The plate
current under these conditions was about 0.1 amperes.
The resistors R1 and R2 were tubes of distilled water
which were frequently measured and varied from 4.5
to 8.8 megohms. The resistors r1 and r2 were wire
wound resistors of relatively low values. No effort was

Li
Power

Suppl

FIG. 11-CONNECTION DIAGRAM OF OSCILLOGRAPHIC TESTS

made to eliminate slow time changes in the values of
the water resistances.

EXPERIMENTS TO DETERMINE THE INFLUENCE OF THE
METAL IN ARC ELECTRODES

First experiments were undertaken to determine
whether the nature of the metal making up the elec-
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TABLE I

Iron and
alum.

Volts at b 10,000
Volts at c 23,400
Volts at b 11,500
Volts at e 23,500

Volts at b 22,500
Volts at b 28,800

Copper and
iron

Copper and Copper and
copper alum.

Brass and
brass

Brass:and
iron Remarks

10,300
24.200
11,500
24.500

23,200
29,500

9500 8500
23,000 22,000
11,000 11,000
24,900 24,700

With C1 of Circuit above short-circuited
21,200 22,500
33,000 30,500

During the above tests voltages were measured as follows:
Esec with voltage transformer
Et with gap b
E, with gap c

= 12,960
= 7700
= 7050

9400 11,000 Without air blast
Without air blast
With air blast
With air blast

Without air blast
With air blast

trodes of the arc played any particular part in the
magnitudes of the voltages developed.

Fig. 12 gives the diagram of the circuit and Table I
gives the results obtained on these tests. In these tests
the upper electrode of the arc gap was kept stationary
and the gap drawn out by rotating the threaded lower
electrode. The table clearly shows that the metals
making up the arc electrodes had no great influence

I., 228 m.h.
L2 .13 m.h.
C!'
C, 01 mid

FIG. 12-CONNECTIONS USED IN TESTING EFFECT OF DIFFERENT

ELECTRODE MATERIALS

upon the voltages developed and therefor in the subse-
quent tests only copper electrodes were used.

EXPERIMENTS TO DETERMINE VOLTAGES DEVELOPED
IN ARCING GROUND

The circuits used are shown in Fig. 13 and the results
are given in Table II. During the progress of this work
various oscillograms were taken of which character-
istic ones will be given and described in the discussion
of results following.

DISCUSSION OF EXPERIMENTAL RESULTS

The table of voltages observed under various con-
ditions given above may be checked against the voltages
which the three theories would require to be developed
on the condensers.

Theory I permits the development of practically
unlimited voltages upon the condenser in the oscil-
lating circuits. Theory II, however, if the condensers
are equal, limits the maximum voltage which can be
obtained on the short-circuited condenser to twice its
normal voltage and the maximum voltage which can be
obtained on the other condenser to four times its
normal voltage. When the short-circuited condenser
is much smaller than the other, Theory II limits the
voltage which can be developed in it to twice its normal

voltage, or, that is, twice the voltage of the supply and
the voltage of the other condenser to three times the
voltage of the supply. Theory III, for the case of
equal condensers, will permit the development of four
times normal voltage on the short-circuited condenser
and six times normal voltage on the other condenser.
If the short-circuited condenser is small compared to
the other, then Theory III permits of practically un-
limited voltages.

Examining Table II we find that the results are
entirely in agreement with the predictions of Theory II.

In the case of equal condensers, as shown in tests 1-20
and 76-90, inclusive, with the exception of the first four
tests, no voltages exceeding twice normal or 13,000
were observed on the short-circuited condenser; al-
though voltages were observed exceeding this value, all
the voltages were nearly equal to this value. For the
voltage across the other condenser in no tests was more
than three times normal voltage observed and in many
cases this value three times voltage was nearly reached.
The falling short of the maximum values predicted by
the theory is to be expected because of the leakage from

Circuit A

12 R

Circuit C

Circuit B

FIG. 13-CONNECTIONS USED IN ARCING GROUND TESTS

the condensers during the relative long time between
successive drawings of the arc.

Unequal condensers were used in tests 30-44 and 51-63.
The unlimited voltages called for by Theories I and III
were not observed at all and even the maximum voltage
of three times the supply voltage required by Theory II
was not observed. However, more than twice supply
voltage was usually observed and the smallness of the
condenser with the attended rapid leakage of charge
between strikings of arc readily explains the inability
to obtain higher voltages.



TABLE II

T

1

2
2

2
2
2
2
2

2

3
3
3
3

3
3
3
3

__..

it

55

Olr-
cult

CI
µ /

C,
).s I

Ls
mh.

Lt
mh.

R1
volts

Ei
volts

lib
volts

h. e

volts
Kind
Of arc

b In
volts

c in
volts

Film
No. 1tignarks

1 A 0. 1 0. 1 13 228 .. 12.960 6500 04011 10.900 22.50(1 . , The mill. length of gap a - 1/8'2 " " " " 0 .. " " Air 19,000 25,5(X) .. " " " '' " " " -9 " 111

° 0 " ° 14,800 25,500 .
AO

" " " " " 3fIn.4 " ' . .
" .. " " " Air 15,000 25.00(1 .. 61 IN " " " " " "5 " " . . 0 ..

. .. 11,1100 22,800 .. No It across CI & C3 for making
oscillogranui0 " " ' " .. . 11,30(1 21,000 .. With It across Cl & CI (Nee sketch
for oscillograms)7 C * " ' 228 2300 .. 6800 7100 11,800 24,200 . No II across CI & C3 (checking change8 61 64 . . 0

. . . . 11,500 20,000 .. In circuit for taking oscillogranuoD " " . . " .. .. .. 11,400 21,000 72,579-a,
b, c & t19 0

" 66 66

" . . .. ..
. . 72,579-o1 ' . a 64

. . Air : : 72,579-f2 A 61 64 61 11

. . 13,130 .. 12.500 .. ..3 " . . .
" " .. .. Air 12,000 21,0004 " " . 0 61 .. " . .. Air . . 19,6005 C " . . 0

. . .. . . Air . . . . 72,579-z6 " . . . .. .. .. Air . . .. 72,579-h Thin pointed electrodos at a7 0 . 0 . .. .. .. .. Air .. .. 72.579-I One tube out. Object to check regu-
lation of plate generator.8 . , .. .. .. .. .. Open c rcuit voltage of 72,5794 Object: to find cause of h. f. ripple intransformer wave supply voltage.9 C 0.1 0.1 13 0 ., 13,440 5850 5600 10,400 19,800 .. To chock conditions before making
oscillograms.0 " " . 0 .. .. .. Air 10,500 19,100 .. To check conditions before making
oscillograms.1 B . . . . 228 .. 14,065 .. .. 21,000 .. .. The min. length of gap a = 1/16"2 0

41 41

" .. .. Aar 23,500 ..3 .. 46 II 61 .. .. .. 21,200 .. 72,579-g4 " . . . .
. Air 32,000 . 41 41 44 61 ., 4.5 B . . 0.1 13 228 .. 14,065 .. .. Air 33.500 .. The min. length of gap a - 1/16'6 " .. . 0 .. .. .. 23.500 .. ..

" " " " " 3/16"7 " .. . . 0
" . . Air 27.000 .. 72,579-R " "8 " .. . 44 " . . . . . 17,800- .. .. Gap b broke when closing breaker.

19,0009 " .. . . . .. .. .. Air 30,500- ..
29,3000 A 0.1 0.00016 90 0 2370 13,940 12,060 24,600 31.000 ..1 C . . " .. .. .. .. .. .. 72.579-k2 ' di

0 .. . . .. .. . . 72,579-13 A ,, . .
" 2370 13,940 12,060 .. 24,600 30,000 ..4 "

-

0 .
24,000 30.000 ..0 . . 2300 .. .. . Air 24,000 31,400 ..6 C . . . .. .. .. Air . . .. 72,579-m7 A . . " 2300 .. .. . Air 22,100 29.600 ..8 " " . . .. .. .. Air 19,500 29,600 ..9 " 0.1 " " 228 " 12,420 .. .. 19,000 29,2000 " .. .. .. .. 19,500 30.000 .1 " . . . . .. .. .. .. 20,800 31,5002 " " . . 0 .. .. .. Air 20,700 27,7003 " . . . . .. .. .. .. Air ' 20.800 26,2004 " " 64 di " 2180 .. .. .. Air 18;600 26,300 ..:5 B . . U a " 2190 .. .. .. Air 11,200 .. Gap b broke down on closing breaker.6 " .. . . .. .. .. 16.800 .. .. "once

only7 " .. . .
" . .. .. .. 11,000 .. ..:8 0 .. . .

. . . . Air 12,000 .. 72,579-n:9 " .. . . . 0 .. .. .. Air 13,500 .. ..0 " . . . " .. .. .. Air 13,000 ...1 A 0 . 1 0 . 00008 90 0 2190 13,140 .. .. 25.200 31.500 ..2 " .. . .30,600 .. Gap b broke down on opening breaker.3 " 41

" " 0
" " . . . Air 24.500 30.500 ...4 " 0.4 0.0008 " " 2184 .. 11,266 Too low

for gap
24,800 38,300 .. Gap b broke on closing breaker

" 0.05 0.00032 " " 2180 12,984 .. .. 23.500- 27,500- ..
23,200 30,000i6 C 0 di II 0

61

. . . . . 72,579-o7 A a a U a a
. . . . 30,000 .. Occasionally, when breaker openedi8.- " . 0 . . 0 61

. . . 20,000 25.200 ..0 C di
" .. 72,579-pJO A " " " " " " . . . . 26,000 30,500 ..it C 0 " " " " .. .. Air 26,000 30,500 72,579-qi2 A . . " .

" .. .. Air 24,000 .. ..i3 0 " " . " . " .. .. Alr .. 26,700 ..;4 B .. " 0 228 " .. .. 11,500 .. Gap b broke down when breaker closed15 " .. " " .. .. .. Alr 11,300 .. 72,579-ri6 " . . " " " " . . . . . . Air 11,700 .. ..17 C 0.2 0.1 13 0 . .. 15,200 23,80018 " 0 " .. .. .. .. Air 16,100 23,800 72,579-aai9 " 0.1 0 0 0 2250 13,380 .. 24,000 .. ..'0 " " " " " " .. .. 21.000 .. ..'1 " " " " " " " .. .. 29,000 .. ..'2 " " " " " " " .. Air 26,800 .. 72.579-ggP3 . " " " " " " .. Air 30,000 . ..'4 " " " 0 . .
" Air 28,500 .. ..rA U

" " " " " 4 .. .. Air 21.500 ..
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TABLE II-Continued

Test
Cir-
cuit

Cl
is f

C2
µ f

Rd
ohms

L2
mh.

LI
mh.

Ei
volts

E2
volts

Eh
volts

E,
volts .

Kind
of arc

bin
volts

c in
volts

Film
No. Remarks

76 C 0.1 0.1 99, 13 0 2170 .. .. .. Air 11,000 18,000 72,579-y When film was made Lt = 228 mh.
" " " " " " "

77 " " " 53c " .. .. .. 10,500 18,700 72,579-t

78 " " " 53c " 228 2160 .. .. .. Weak air
Insulator
flashover

.. .. 72,579-v,
w, x

See note a for kind of arc

79 "
n " 0 " 0 .. .. .. .. Weak air 19,000 ..

80 " " " 0 " .. .. .. .. Strong
air

.. 19,500 ..

81 " " " 90c " " .. .. .. .. Air .. 19,500 ..

82 " " " 35c " .. .. .. .. Air .. 19,500 ..

83 " " " 5w " " .. .. .. .. Air ....20.100

84 II U If 0 n n .. .. .. .. Air .. 20,100 ..

85 " II ft 0 . 5w "
a .. .. .. .. Air .. 20,500

86 " " " 0.25w " " .. .. .. .. Air .. 20,500 ..

87
88

"
C

"

"

"
II

0 13
0 "

..

..
..
..

..

..
..
..

Air
Air

..

..
20,500
19,000 72,579-u When film was made L2 = 228

89 it U I1 0.5w "
. .. .. .. .. Air .. 19.000 ..

90 " " " 0.25w "
if

. . . . . . . . Air .. 19,000 ..

91 " 0.2 " "
n " .. .. .. .. Air .. 24,500 .-.

92 " " " 0 " " .. .. .. .. Air .. 24,000 ..

93 5w .. .. .. .. Air .. 24,000
.

..

94 ,, n " 50w "
(6

. . . . . . . . Air .. 25,000 ..

95 " " " 200w
.

" " .. .. .. .. Air .. 23,200 ..

96 " " " 13 ,, .. .. .. .. Air .. 23,800 ..

97 " " " 50W U .. .. .. .. Air .. 24,000 72,579 -bb W,hen film was made Rd = 43 carbon

98 " " " 53c " 228 2160 .. .. .. Air .. .. 72,579-s

99 " U U 5w
. 0 .. .. .. .. Air .. 23,500 ..

100 " " " 115w " .. .. .. .. Air .. .. 72,579 -cc

101 " " " 115w Air .. . . 72,579-dd See note b
Flash
over
insulator

102 B . . 0.1 " 13 228 .. .. .. .. Air .. .. 72,579-ee

(a) Rc means resistance was carbon rod.
(b) Rw wire on tube 1 in. in diameter.

DISCUSSION OF OSCILLOGRAMS

With the results of Table II indicating the probable
correctness of Theory II, it is interesting to study the
various oscillograms for evidences of the action called
for by each of the three theories. In the oscillograms
the zero lines are shown which represent zero current
through the oscillograph element but do not represent
the zero lines of the voltage waves. This is due to the
fact that when zero voltage is impressed upon the grid
there is still the plate current flowing through the
oscillograph element.

THEORY I

Theory I would require the appearance on the
oscillogram oscillations of increasing amplitude during
the periods that the arc was on. However, no oscillo-
grams show this effect. Oscillograms 72,579-d, o and z,
which are typical of those obtained with circuits A and
C, show the oscillations through the inductance of the
supply which were produced by the striking of the arc
very clearly and these oscillations are clearly damped.
An oscillation of the short-circuited condenser may be
inferred by the slight breaks following each discharge
in the curve for voltage across C2. We may infer that
these oscillations were highly damped because the curve
becomes continuous again very shortly after. Oscil-
logram 72,579-r, taken with circuit B with a larger and
lagging arc current, also shows only slight breaks in the
curve for voltage across C2.

THEORY III

Theory III requires the extinction of the arc to take
place at the peak of the high -frequency voltage wave
so that when the arc extinguishes a charge is left on the
condenser in excess of the charge corresponding to the

(72579-0)

(72579-Z)

60 -cycle voltage at that time. In no oscillogram was
this observed. One would expect that the greatest
chance for the Petersen theory to be valid would be
when the short-circuited capacitance was small, for
then the heating due to the dissipating of the energy of
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the short-circuited condenser in the arc would be small,
in fact, oscillogram 72-579-o does show the arc extinguish
for a short time in nearly every half cycle. But evenhere the arc, after striking, held on long enough for the
high frequency to damp out so that at the time of
extinction the charge retained on the condenser did not
exceed that corresponding to the instantaneous 60 --
cycle voltage. Thus, the displacement of the voltage
waves was never in excess of the normal voltage to
neutral as is required by this theory.

THEORY II
Theory II requires the striking of the arc at the peak

of the 60 -cycle voltage wave and its extinction also near
the peak of a 60 -cycle voltage wave. When the striking
of the arc took place after the arc had been out for a
little time, that is, more than a half cycle, the striking
always did take place at the peak of the voltage butwhen an air blast was used so that the arc would be

(72579-R)

No.

71371 d ,.r _in; nroJnas

(72579-D)

blown out before the gap had become very long,
reignition frequently occurred within the next half cycle
before the peak of the voltage wave as shown at 1,
oscillogram 72,579-z. Also when an air blast was used
extinction sometimes occurred before the peak of the
voltage, that is, before the 60 -cycle charging current
would normally pass through zero. However, these
extinctions and reignitions give rise to voltages less
than those called for by Theory II since the retained
charge under these circumstances would be less than
that corresponding to peak voltage and the amplitude
of oscillation would be less because of the smaller total
voltage to ground at the moment of striking. We may
say then that the voltages called for by Theory II do not
develop with each individual extinction and reignition
of the arc, but we can say that usually when the arc
extinguishes for a longer time it will do so at the peak of
voltage with a retained charge equal to normal voltage
to neutral and that the next striking of the arc will be
at the peak voltage so that the maximum voltages

called for by this theory will nearly always be ultimately
developed. The final extinction of the arc at the peak
of the voltage wave and the displacement of the voltage
waves from the zero line are clearly seen in oscillograms
72,579-d and o.

The spark gap voltages obtained and the oscillograms
appear to substantiate Theory II as to the maximum
voltages which may be developed by an arcing ground.
However, it must be pointed out that the experimental
work was limited to a 13,200 -volt circuit and it is
conceivable that for higher voltages with greater arc
lengths in which heating of the electrodes might play
a smaller part, Theory III calling for the extinction of
the arc at zero of high -frequency current might find
application. The authors' opinion is that this will
seldom prove to be the case. As to Theory I calling for
the development of high voltages due to the "negative
resistance" of the arc they are even more strongly of
the opinion that it will fail to be realized even with
higher voltages.

GROUNDED VS. UNGROUNDED NEUTRAL SYSTEMS
In the experiments described above circuits A and C

approximate conditions on a transmission system with
an isolated neutral and circuit B approximates condi-
tions on a grounded neutral system. The predictions
of Theory II applied to circuit C were substantiated both
by spark gap voltage determinations and by oscillo-
grams. This theory applied to a three-phase system
calls for displacement of neutral relative to ground
and the development as a result of transient oscilla-
tions of maximum voltage of 3 times normal voltage
to neutral on the sound phases and two times normalvoltage to neutral on the grounded phase. In a
grounded neutral system if the impedance between
neutral and ground is not too large the charge left on
the system after the extinction of the arc will be drained
off before the next striking of the arc. Hence the
maximum voltage which will be developed will be that
corresponding to 2, Fig. 5, that is, 2 times normal
voltage to neutral on the sound phases and 1 times
normal voltage to neutral on the grounded phase.

Thus the maximum voltages to ground developed by
arcing grounds on isolated neutral and grounded neutral
systems, respectively, are in the ratio 3% to 2%. How-
ever when the distribution of potentials within appara-tus is considered, the magnitude of sudden changes in
voltage becomes important and these sudden voltage
changes are very much greater in the isolated neutral
case than in the case of the grounded system. We
must, therefore, consider the surges set up by arcing
grounds which are propagated due to the distributed
capacitance and inductance in transmission systems.
TRAVELING WAVES SET UP BY GROUNDING PHASE OF

TRANSMISSION SYSTEM
The transient oscillations generated by grounding aphase in a transmission system were described above in

terms of lumped capacitances and inductances. When
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tne capacitances and inductances are distributed,
oscillations take place but are not simple sine waves as
were described above. These oscillations are best
pictured in terms of traveling waves. Referring to
Fig. 14, when a ground suddenly occurs on a phase of
the transmission line the capacity of the line is not
discharged as a whole like a single condenser but those
parts of the line nearest to the grounded point dis-
charge first, Since the inductance to the grounded
point is less for these nearest parts, they discharge almost
at once while 'the farthest parts of the line still retain
their charge. There are thus set up waves traveling
in both directions from the point of ground. These
traveling waves reduce the potential from V, the value
just before the ground occurred to zero. When the
traveling wave reaches the end of the line where a
change of impedance is encountered, reflection occurs
and at the point of reflection a sudden change of voltage

takes place amounting to
2 Z2 V, where Zi and

Zi + Z2

Z2 are respectively the surge impedance of the line and
the surge impedance of the apparatus at the end of the
line. The mathematical derivation of this expression
may be found in the appendix.

The oscillations of the ungrounded phases are also
accompanied by traveling waves but owing to the
inductance of the supply system which is in series,
the wave fronts will be of much less steepness and
therefore much less disastrous as regards voltage
distribution within the apparatus at the ends of the
line.

We may now compare the magnitudes of the traveling

11-

b

2

FIG. 14-PROPAGATION AND REFLECTION OF TRAVELING WAVE

waves set up by an arcing ground in the two cases of the
isolated neutral and the grounded neutral systems.
For the isolated neutral system we have seen that the
arc will usually strike at the maximum of the 60 -cycle
voltage wave and at that moment there will also be a
retained charge on the system after the previous extinc-
tion which further displaces the voltage of the line from
ground. The voltage of the line to ground is then two
times the normal voltage to neutral. The magnitude

of the sudden change in voltage which occurs at the
end of the line is therefore

2 Z2 X 2 E,
Zi ± Z2

or nearly four times normal voltage to neutral. For the
grounded neutral system there is no charge retained
by the system at the moment the arc strikes and there-
fore we have V = E. Hence the sudden change in
voltage due to reflection at the end of the line will be

dx

FIG. 15-TRAVELING WAVE ON TRANSMISSION LINE

approximately 2 E or only one-half as great as that for
the isolated neutral system. Most observations of
abnormal voltages on isolated neutral systems due to
arcing grounds have been not of voltages to ground but
of voltages across parts of apparatus. The above
discussion of the traveling waves set up by arcing
grounds on isolated neutral systems show that this is
what should be expected.

Appendix
REFLECTION OF TRAVELING WAVES

Consider a traveling wave started by any abrupt
change in potential on a system containing distributed
inductance and capacitance. The wave may start
with an abrupt or sheer front such as results when
closing a switch on a dead line or grounding an ener-
gized line or it may start with a tapered front such as
may be induced by the release of an electrostatic charge
on a cloud. As the traveling wave proceeds on its
course it gives up energy in Joulian heat and radia-
tion which causes a progressive tapering of its front.
When this traveling wave strikes a point on the line
where the impedance of the line makes an abrupt change
the wave undergoes a reflection. The theory of such
reflection follows. In Fig. 15 let A represent a travel-
ing wave of voltage of any shape and let v be its poten-
tial at any point x.

Let L = inductance per unit length of line.
Let C = capacitance per unit length of line.

Then Ov = -L di
x (1)

d t

from (1)

from (2)

Ai = - Cox dt
dv

v

x

6i

a i= -L --
6 t

= - 6t

i2)

(3)

(4)
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from (3)

from (4)

from (5) and (6)

also

v

o

62 v

62

t2
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62
= L otox

- -C a2 v

1

LC

g2

62 v

a x2

1 62 i
t2 = LC ax2

It is readily checked by substitution that
v = f(x + a t) and
v = g (x -a t) are solutions of (8)

f and g denoting arbitrary functions of (x -F.a t) and
(x -a t), respectively, and

1a2
LC

For, substituting v = f (x a t) in (7) we get

a2f" (x t) = LC f" (x t)

or a2 = 1

LC
v = f (x + a t) evidently represents a voltage wave

traveling with the velocity a in the direction of nega-
tive x; for if we increase t by unity and at the same time
decrease x by a the value of v is unchanged; but in-
creasing t by unity and changing x by -a is equivalent
to shifting the wave through the distance -a in unit
time. Similarly, v = g (x -a t) represents a voltage
wave traveling in the direction of positive x.

Let us now determine the traveling wave of current
which accompanies the voltage wave v = f (x a t),
substituting, v = f (x t) in (3) and (4), we get

L a = (x t) (9)

= -C a f' (x a 0 (10)
i
x

Integrating (9) i = L f (x a t) F1 (x) (11)

Integrating (10) i = -Caf(x+at)± F2 (t) (12)
1since
L = C a, F, (x) = F2 (t)a

F1 (x) and F2 (t) therefore represent a constant current
and can be neglected in considering the traveling wave.
We have then, finally

i=- f (x a 0 f (x a 0
= v/Z (13)aL -V L/C

where Z = L/C = surge impedance.

Journal A. I. E. E.

In the same way we may determine the current
wave corresponding to v = g (x -a t) and find

f (x -a t)i = = v/ZaL
Consider now a traveling wave v = f (x a t)

reaching a point P at x = 0 where the line constants
change from a surge impedance of Z1 to surge imped-
ance Z2. There will then appear a transmitted and
reflected wave in addition to the oncoming wave.
Before reaching P we have only the advancing wave

v = f (x + a 0 (14)

i = -1/Zif(x+ a t) (15)

After reaching P we have on one side a transmitted
wave.

v2 = f2(x+ a2 t) x <0 (16)

12 = - 1/Z2f2 (x a2 x < 0 (17)

And on the other side of P the oncoming plus reflected
wave

2), = f (x a 0 g (x -a x > 0 (18)
11 = - 1/Z1 f (x + a 0 4- 1 / Z g (x -a t) x > 0

(19)
At point P where x = 0 the voltage from either side

be the same and the current flowing to P on one
side must equal the current flowing from P on the other
side. Therefore from (16), (17), (18) and (19)

f2 (a2 = f (a + g (- a t) (20)

- 1/Z2f2 (a2 t) = - 1/Zi f (a 0 1/Z1 g (- a t)

(21)
multiplying (21) by Z1

- Z1/Z2f2 (a2 t) = - f (a t) + g (- a t) (22)
subtracting (22) from (20)

(1 + Zi/Z2) f2 (a2 t) = 2f (a 0

2f2 (a2 ---
1 Z1/Z2 f (a t)

or v2 = 1 + Z1/Z2 - Z1 + Z2 V
2v 2Z2

(23)

Therefore the transmitted voltage and also the on-
coming plus reflected voltage has a ratio to the oncoming

Z2
2

.voltage of Z
2

irrespective of the nature or shape-I- Z

of the wave.



The Distance Relay for Automatically Sectionalizing
Electrical Net Works

BY LESLIE N. CRICHTON
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Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa.

Review of the Subject.-This paper describes a new relay
for automatically sectionalizing transmission lines, similar to

existing relays in many respects, but equipped with "brains" so that
it can determine the location of the trouble and govern its operation

accordingly. For dead short circuit its time of operation is pro-
portional to the distance from the short circuit so that when it is used
the circuit breaker nearest to the trouble always trips out first. When

applied to any system it is adjusted to fit the particular length of line
which it controls and no change in this setting need ever be made due
to operating conditions on the remainder of the system.

Its discrimination is obtained by a time limit which varies directly

as the voltage and inversely as the current existing during the trouble.
It has the incidental advantage that since the circuit breaker nearest
to the trouble is opened first, the final breaker to open is the one

having the longer section of line in series with it to limit the current
and therefore decrease the duty required of the circuit breaker.
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A RELAY WHICH DETERMINES ITS OWN TIME OF
OPERATION

THIS is a new device, which when trouble occurs,
makes a calculation to determine its location.
If the trouble is close to the switching point at

which the relay is situated, the relay will operate quickly
to disconnect the disabled section. If, however, the
trouble is a long way off, the relay will operate slowly in
order to allow any other relay which might be nearer to
the trouble to act first.

Because this device adjusts its time of operation to
suit the location of the trouble, it will operate on the
most complicated sort of network; in fact, the more
complicated the network, the more favorable are the
conditions for its correct operation. In the past,
reasonably satisfactory sectionalizing has been ob-
tained by means of over -current and directional relays
equipped with time limit features. The general scheme
of operation has been to adjust the relays farthest from
the power house with a short time limit and to increase
this time limit on those relays which are located nearer
to the power station. On a complicated system this
is rather difficult and in some cases impossible, for
instance, in the case of tie lines between two generating
stations.

THE BASIS OF CALCULATION

In determining the distance, the relay makes use of
Ohm's law and bases its calculation upon the value of
the current and voltage existing at the time of the short
circuit. A simple form of distance relay is shown in
Fig. 1 wherein a current coil is shown arranged to close
the relay contacts while a voltage coil is so arranged
that, as long as voltage is applied, it will tend to over-
power the current coil and prevent the contacts from

Presented at the Spring Convention of the A. I. E. E.
Pittsburgh, Pa., April 24-26, 1928.

being closed. These two coils are proportionate so that
on the particular section of line to which they are ap-
plied the current coil will just overpower the voltage
coil when a short circuit occurs at the far end of the
section. If a short circuit should occur in the next
section, the voltage across the potential coil of the relay
will be higher and will thus prevent it from operating,
whereas, if the trouble is within that section of line and
close to the relay, the voltage will be lower and the
relay's action, therefore, more positive. With trouble

SubS ation Bus Sub -Station Bus

FIG. 1-PART OF A NETWORK SHOWING A SINGLE SECTION
OF LINE AND AN ELEMENTARY DISTANCE RELAY

One defect is that it cannot distinguish between a short circuit at A and
one at B.

immediately at the relay, the voltage will of course be
zero and, therefore, the voltage coil will offer no opposi-
tion to the operation of the current coil. Another way
of looking at this simple relay is to assume that the two
coils are balanced against each other and that the cir-
cuit is divided into two branches, one branch going
through the voltage coil having a fixed resistance and,
therefore, taking a current which is proportional to the
voltage, and the other branch consisting of the current
coil in series with the section of line. This latter branch
is of variable resistance depending upon the location of
the short circuit and the coils are so designed that the
current coil will just overbalance the voltage coil when

793
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the resistance is its maximum. Therefore, when the
short circuit is beyond that section of line, i. e., when the
resistance of that particular branch becomes greater
than that required to balance the relay, the relay will
not operate. On the other hand, when the resistance is
less than that of the full section of line, i. e., when the
short circuit is closer to the relay, the unbalance will be
still more pronounced and the relay action more posi-
tive.

The simple relay mentioned in the preceding para-
graph has two obvious defects. First, it will not work
properly if the short circuit should in itself have some
resistance, which resistance, being an unknown factor,
would be difficult to take into account. Second, it is
unable to properly discriminate in case of trouble occur-
ring close to the substation at the other end of the sec-
tion, i. e., the relay cannot tell whether the trouble
occurs at A or B. This simple relay would furthermore
be unable to clear trouble in a distant section which for
some reason had not been cleared by the proper circuit
breakers on that section.

The remedy for all these defects is simple; design the
relay so that when the trouble is close, it will operate
instantaneously, but when the trouble is some distance
away it will operate slowly so as to allow.any relay which
is nearer to the trouble to act.

MECHANICAL PRINCIPLE

The principle of the time -limit distance relay is
shown schematically in Fig. 2. This relay is of the
induction type, the disk being rotated by the current
coil whenever the current reaches sufficient magnitude,
-the movement of the disk being damped by the
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FIG. 2-SCHEMATIC DIAGRAM OF C Z DISTANCE RELAY

permanent magnet so that its speed is roughly propor-
tional to the current. The movement of this disk does
not directly close the contacts but instead it tightens a
spiral spring. On the other end of this spring is fas-
tened a lever which is pivoted at the center and which
has the contacts on one end and the core of the voltage
coil on the other. This voltage coil is so arranged that
it opposes the closing of the contacts. When in the
neutral position all parts of the relay are nicely balanced
so that if there is no voltage on the voltage coil a very
slight movement of the disk will close the contacts.

Similarly, if voltage is applied to the restraining coil,
its pull will prevent the contacts from being closed until
the spring has been tightened up sufficiently to overcome
it and since the motion of the disk is damped, this will
require some time.

MATHEMATICAL PRINCIPLE

It is evident that for a given voltage on the voltage
coil the spring must be tightened to a certain definite
point before the pull of the voltage coil can be overcome
and, therefore, if the voltage is maintained constant the
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time required for the relay to close its contacts will vary
inversely as the current, or stated mathematically:

T varies as 1/I
Similarly if the current is maintained constant with

a resulting constant speed of the disk, the time required
for the contacts to close will vary directly as the voltage,
or stated mathematically:

T varies as E
Combining these two we have

T = E/I = Z = distance

IMPORTANT DETAILS OF DESIGN

The principle which has just been described is exceed-
ingly simple but the actual design of the relay was quite
difficult, principally because of the requirements that,
during time of trouble, it must discriminate between
different voltages of very small value, whereas, during
normal operation, the voltage coil must be able to with-
stand full voltage continuously. Part of the method
of overcoming this trouble has been to cast cooling ribs
on the case containing the potential coil, as shown in
the accompanying photograph and the schematic view,
Fig. 3. This loss is only about 8 watts but it is gener-
ated in a coil no larger than an ordinary spool of thread.
As a result of this design, the voltage coil will discrimi-
nate quite positively between zero voltage and 5 per
cent of normal voltage. At first, difficulty was en-
countered due to the effect of residual magnetism when
suddenly reducing the voltage from normal to a small
value, but this has been overcome by using a core of a
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special non -residual steel developed by Dr. T. D. Yen-
sen of the Westinghouse Research Laboratory.

The inherent characteristics of the induction disk
are such that within a moderate range its speed varies
directly as the current so that no particular difficulty
was encountered in designing the current element. But
the voltage coil presented difficulties which required
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painstaking work to overcome. Finally the design
shown in Fig. 5 was worked out to provide a device
having a straight line characteristic, of rugged con-
struction, free from the effects of friction, quick in its
response, and accurate. The straight line character-
istic, which was quite satisfactorily attained as shown
in Fig. 6, is due to the use of a core of small cross section
which saturates at a low voltage so that above this value
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the pull varies directly as the voltage. It should be
observed that at normal voltage the pull on the core is

almost 0.5 lb. Of course it is proportionally less at
lower voltages but it is far from being the delicate
device that might be imagined. This heavy force is
required in order to insure adequate pressure on the
contacts as well as to minimize the effects of friction.
Friction is still further reduced and the effects of wear
practically eliminated by careful jewelling of the
important bearings.

CHARACTERISTICS

It has been customary with the older types of relays

14

12

a. 10
iz

6

Cl,

4

mom
III

H

2

00

FIG. 7-TYPE

5090 Normal Voltan

111

300 400 500 600 700 800 900 1000

PERCENT CURRENT SETTING

C Z DISTANCE RELAY TIME -CURRENT
AT VARIOUS VOLTAGES

11,

100 200

CURVES

to plot current-time curves and for this reason it will
be interesting to observe in Fig. 7 a family of current -
time curves taken at various voltages. These curves
are complete but in order to make the best use of the
data contained therein it is preferable to plot distance -
time curves as shown in Fig. 8. This group of curves
refers to one particular system having a specified volt-
age, size of conductor and spacing between conductors.
The curve B was first plotted by assuming a definite
primary current and length of line and from these
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FIG. 8-TIME-DISTANCE CURVES TYPE C Z DISTANCE RELAY

figures calculating the percentage drop in voltage.
The time corresponding to this voltage was then taken
from Fig. 7 and the position of the straight line B there-
fore determined.

The curves in Fig. 8 are not run up very high in time
because we are not much interested in the long time
characteristics of the relay. Its object is to clear
trouble as quickly as possible and all adjustments should
be made with that end in view. If, for instance, in Fig.
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9, trouble should occur at X the relay at A should
operate in, say, 0.1 second. The circuit breaker will
require about 0.25 second to open, the total time
required to clear the short circuit being 0.35 second.
Now the relay at B should have sufficient time delay so
that it will not close its contacts before the breaker at
A has had a chance to open (0.35 sec.). If we double
this time in order to allow an ample margin of safety, we
will then have a reasonable setting for the relay at B.
Therefore, we have drawn the dash line across Fig. 8
to indicate the maximum time which should be required
to operate any relay. This is the extreme case; the
average short circuit will be cleared in considerably less
time. This difference in time between adjacent stations
is of course due to the difference in voltage between
them. With the present design of relay the difference
in voltage between two consecutive stations carrying
the same trouble current must be at least 5 per cent in
order to secure proper discrimination.

All of the preceding argument is based upon the
assumption that trouble always consists of "dead" short
circuits which the writer believes tol.be the case: If we

Generabag Stab*

FIG. 9

assume that a high -resistance short circuit exists, it
will increase the time of operation of the relay but this
is not particularly- serious because this resistance will
also cut down the value of the current so that the shock
to the system is not so great and can be withstood for a
longer time.

ADJUSTMENTS

Consider curve B in Fig: 8 which has been plotted
from the relay characteristics given in Fig. 7, and assume
that the ampere turns on the current coil are reduced to
one half. Therefore, with our assumed current, the
disk will rotate at half speed which will allow the voltage
to be reduced to half its value in order that the relay
may operate in the same length of time. In other words
by reducing the ampere turns on the current coil to one
half we can reduce the distance by an equal amount,
thus giving a curve D. Similarly by again halving the
number of turns, curve E can be obtained. Similarly

the other curves in the group are obtained by means of
taps on the current coil.

Suppose the section of line to which we wish to apply
this relay is so long that the adjustment shown on curve
B is unsatisfactory. We leave the current adjustment
as it is and place sufficient resistance in series with the
potential coil so that its current is cut to half its original
value. Therefore, in order that the pull on the coil
shall be the same with a consequent equal time of
operation, it will be necessary to double the voltage,
which can only be done by doubling the length of the
section of line. Thus, we get curve B' and similarily
by again doubling the resistance of the potential circuit
we double the distance and obtain B". The other
curves can be similarly extended so that adjustments
can be made which are suitable to intermediate length
of line section. It is thus seen that by two very simple
adjustments the relay can be set to work properly on
sections of lines whose length vary as much as 40 to 1.

METHOD OF SETTING RELAY

The unit of distance shown in Fig. 8 depends upon
the size of the conductor, the spacing between them and
the voltage of the system, all of which must be taken
into account when setting the relay. It is also neces-
sary to consider the ratio of the potential and current
transformers, so that the total possible number of
combinat;ons is enormous, and in order to make the
task of adjusting relays an easy one, it is important that
the manufacturer of the device furnish curves or tables
for systems of various voltages and various sizes of
conductor showing the distances corresponding to the
different relay settings. When the data are arranged in
this way the problem of setting the relays is an easy one,
it being necessary only to determine the distance be-
tween the switching stations to which the relay is to be
applied and picking off the proper relay setting from the
table. As a rule no calculations are necessary, although
it may be occasionally advisable to make a rough check
of the short-circuit current available in order to make
sure that there will be sufficient current to operate the
relay. Long and laborious calculations of the short-
circuit currents available at all points of the system are
certainly unnecessary. Likewise, it will not be neces-
sary to determine the short-circuit current by means of
calculating tables and similar devices.

ITS USE ON GROUNDED NEUTRAL SYSTEMS

When a short circuit occurs between two wires on a
3 -phase system, the .potential coil of the relay must, of
course, be supplied with delta potential so that it can
make its proper determination of the distance.. On the
other hand, it should be supplied with star voltage when
a short circuit -occurs between one wire and ground on a
system having a dead grounded neutral. It, therefore,
appears that two sets of relays should be used on such a
system, one to clear short circuits between wires and
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the other to clear grounds. On a system having its
neutral grounded through a resistance, other relay
schemes must be used to clear grounded conductors.

THE DIRECTIONAL ELEMENT

In addition to the distance determining element
which has been described this relay will usually require
a directional element in order to definitely locate the
direction of the trouble as well as its distance away.
For example in Fig. 9, which represents a rather simple
distribution system, it is quite evident that if trouble
should occur at Y, both relay C and relay D at sub-
station N would have the same current and voltage
actuating them so that they would both try to open
their circuit breakers. In order to prevent such
improper operation, each relay should be equipped with
a directional element which has its contacts in series
with the distance contacts and acts as a sort of "check
valve" to prevent the relay from operating when power
is flowing toward the bus bars. Therefore, in the figure
relays B and D are each shown equipped with directional
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FIG. 10-C Z RELAY ELEMENTARY DIAGRAM

element so connected that they will allow their respect-
ive relays to operate only when power is flowing away
from the bus bars. Similarly the relays at substation
M and in fact the relays on all the substations around
the loop should be equipped with directional elements
as shown. Of course directional elements. are not
necessary at the generating station and at other points
where power can flow only in one direction.

This directional element is similar to the one which
has been used so successfully for the past 8 or 10 years
and consists of a very sensitive watt -indicating device
without mechanical restraint of any nature and so
sensitive that it will operate under the most extreme
possible conditions of low voltages on the system.
This directional element' will easily discriminate on' 1
per cent of normal voltage if the short-circuit current
through the relay is, say, 5. or 6 times normal. This
condition is easily obtained during short circuit; in fact
it is unusual to have the voltage drop to as low a value
as 1 per cent of normal.
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In Fig. 10 is shown a complete diagram of internal
connection of the distance relay including the direc-
tional element and the adjusting taps. It should be
noted that during normal conditions on the system a
large number of the directional elements will have their
contacts closed, but this is a matter of no importance
because the cooperation of the distance element is
necessary before a circuit breaker can be tripped.
Therefore, the question of normal direction of power
flow has nothing whatever to do with the setting or
adjustment of the relay.

METHOD OF CONNECTING RELAY IN THE CIRCUIT

The experimental work which has finally resulted in
the production of this relay was begun quite a number of
years ago and one of the earliest fruits of the work was
the startling discovery that the directional element
cannot be connected in the circuit as though it were an
ordinary wattmeter intended to measure power con-
sumption. Although the problem was quite baffling
at first, it was found that there were several easy solu-
tions, the best one being to connect the current coil of
the directional element so that it utilizes the star cur-
rent (the current in the line wire) and connect the
potential coil so that it uses the delta voltage of the
system having a phase relation 30 deg. behind the
current. This scheme has been successfully used for a
number of years on the present type of directional
overcurrent time -limit relay and it is usually assumed
that this lag in the voltage circuit is for the purpose of
enabling the watt element to work under a little better
power factor condition when the current lags due to the
low power factor of a highly inductive short circuit.
While this is, of course, an advantage, the principal
reason for using the connection- is that it prevents im-
proper operation of the relays under badly unbalanced
conditions such as will always occur when only two
wires of a 3 -phase circuit are short-circuited. For
example if the two coils of the relay should make use
of the star current and star voltage of the circuit, it
would be theoretically possible to have short circuits of
such a nature that the current in the relay would, in
effect, lag 180 deg. behind the voltage so that the relay
would operate in the opposite direction from what it
should do.

In order to more thoroughly investigate this subject
and check some of the theories, an elaborate 3 -phase
artificial transmission line was constructed. This part
of 'the work is described in a paper on the artificial
transmission line presented before the A. I. E. E., by
Mr. George H. Gray, in 1917. The conditions which
exist at numerous points of a large transmission system,
during alinost every conceivable kind of ground and
short circuit were studied and classified in a number of
diagrams and charts which makes the subject easily
understood. It is, therefore., unnecessary to discuss
the subject in this paper.
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ADVANTAGE OF THE DISTANCE RELAY

All dead short circuits will be cleared within one
second and the majority of them in considerably less
time.

Trouble will be cleared with equal rapidity from all
parts of the system.

The breaker furthest from the trouble opens last,
thus insuring the insertion of considerable impedance
in the path of the short circuit before finally interrupting
it. This reduces the strain on the breaker, and, in
effect, converts every breaker on the system into a
"resistance type" breaker.

It does not require an excessive amount of mathe-
matical calculations when applying it to the distribu-
tion systems.

CONCLUSION

Although the distance relay as described in this paper
is a new idea, it can hardly be said to be entirely un-
tried because its use does not involve a large number of
new mechanical devices or new electrical connections.
The induction type of protective relay has been thor-
oughly tried out and found to give excellent service.
The directional element has given the same good service
and likewise the method of connecting it into the circuit
has been thoroughly approved by years of experience.
In effect, the well known directional time -element over-
current relay has been taken and been given sufficient
"brains" to enable it to determine what time limits it
should have in its particular location.

ELECTRIC PUBLIC-UTILITY POWER
PLANTS INCREASE PRODUCTION

A remarkable increase throughout the United States
in efficiency in the use of fuel and the production of
electricity during the past four years is seen in a state-
ment just issued by the Department of the Interior,
through the Geological Survey.

The statement indicates that electric public-utility
power plants produced more electricity in 1922 than
ever before, and that over one-third of the total amount
produced was generated at water-power plants, thereby
conserving over 20,000,000 tons of coal in 1922. New
York is the leading state in the production of electricity
by public -utility power plants and California is the
leading State in the production of electricity by the use
of water power. One -fifth of the total amount of
electricity produced by water power in the United
States is produced by California hydroelectric power
plants.

Reports on the monthly production of electricity
and consumption of fuel by electric public -utility power
plants in the United States are now being published by
the Geological Survey. These reports were started in
1919, covering the months of February, March, April,
July, September and October in that year, and have
been published each month beginning with January

1920. They show the output of central stations, munici-
pal plants, plants generating electricity for the opera-
tion of street railways and electrified steam railroads,
and the portion of the output of a few manufacturing
plants that is sold for public use.

A summary of the monthly reports has been prepared
and is now available for general distribution. The
following information arranged in 16 tables is included
in this summary:

Tables 1 to 3 show for each State for the years 1920,
1921 and 1922 the total annual production of electricity,
the amount produced by water power and by fuel
power, the proportion of the total for the United States
formed by each State's total annual output, output by
water power, and output by fuel power, and the ratio
of each State's output by water power and by fuel
power to the State's total output. Tables 4, 5 and 6
show each State's annual consumption of coal, oil and
gas in the production of electricity and its proportion
of the total consumption in the United States. Table
7 shows the amount of electricity generated by the use
of wood for fuel. Tables 8 and 9 give the total annual
production of electricity in the United States by public-
utility power plants, the amount produced by water
power and by fuel power, the proportion of each to
the year's total, the annual fuel consumption, and the
change in output and fuel consumption from one year
to another for each year from 1919 to 1922.

The remarkable increase in the efficiency in the utili-
zation of fuel in the 4 year period is shown in Table 10.
In 1919 the average consumption of coal required to
generate 1 kilowatt-hour of electricity was 3.2 pounds;
in 1922 but 2.5 pounds was required, a decrease of 22
per cent representing a saving of millions of tons of coal.

Tables 11 to 16 show the relative rank of the 10
leading States in 1920, 1921 and 1922 in total annual
output by water power and by fuel power, and con-
sumption of coal, oil and gas utilized in the production
of electricity. New York is the leading State in the
total production of electricity, Pennsylvania is second,
and California is a close third. In 1920 New York was
the leading State in the production of electricity by
the use of water power. In 1921 California took first
position, and the figures for 1922 indicate that it will
probably maintain this position for some time to come.
The tables showing the relative rank by States in the
consumption of the several fuels show that California
in 1920 utilized in generating electricity 43 per cent of
the total quantity of oil so consumed in the United
States, but in 1922 California used only about 20 per
cent of the total, Texas taking first place, with a con-
sumption of 23 per cent. California's decrease in the
consumption of oil for generating electricity is of course
due to the progress in water -power development in
that State.

Copies of the summary may be obtained on applica-
tion to the Director of the Geological Survey at Wash-
ington.
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Review of the Subject.-The new power station of The Edison
Electric Illuminating Company of Boston, now under construction
on the Weymouth Fore River is expected to have an ultimate capacity

of about 300,000 kw. The present construction covers the installa-
tion of two 32,000 kw. generating units with three 1974-h, p.
boilers, operating at 375 lb. steam pressure and 700 deg. fahr. In
addition, a single boiler to carry steam at pressures up to 1200 lb.

is to be installed. This boiler will have about the same heating
surface as the normal pressure boilers. The steam generated by it
will pass through a pressure reducing turbine developing about
2000 kw., and will be exhausted at 375 lb. pressure. After being
reheated to the original temperature of 700 deg. the steam will be
piped to the main header and used in the large turbines. I f satis-

factory results are obtained from the higher -pressure boiler -

turbine units more of them will be installed. Three will be re-
quired to furnish sufficient steam to operate one of the 32,000 -kw.

units.
The maximum steam temperature was fixed at 700 deg. in con-

sideration of the properties of materials at the higher temperatures.
While the theoretical gain from higher pressure increases up to the

maximum for which any data are available, the full benefit of the
thermodynamic possibilities are not at present obtainable in practise
without reheating the steam at some point intermediate between the

throttle and the condenser. Without reheating, the most advanta-
geous steam pressure; both practically and economically considered,
seems to be about 375 lb. gage. With reheating, it appears that
about 1200 lb. is a practicable initial pressure, and that 375 lb.
is an entirely satisfactory pressure at which to reheat. Accordingly
a combination of these two pressures with intermediate reheating
has been adopted; the higher pressure with a view to developing its
possibilities, the lower pressure with the feeling that it represents
the best practise in the single expansion cycle and that operation
solely at that pressure will give highly economical results. The
character of the future development of the plant will depend upon the
relative performance of the two classes of equipment.

Feed water is to be heated by two -stage bleeding of the main
units and by economizers. All normally running auxiliary equip-
ment is to be driven by alternating -current motors. Power for

driving the essential auxiliaries is to be supplied from a 2300 -volt

alternator of 2500 kv-a. capacity connected directly to each 30,000 -
kw. main generator shaft, and thus driven by the main turbine,
which will have sufficient capacity for driving both generators at

full load. This arrangement is expected to give a combination of
greater economy and security than any heretofore used.

The switch house will be a separate structure, four stories and
basement. The upper floor will carry the switchboard and the
switch operating mechanism. The three lower stories will house
the bus structures, oil circuit breakers and reactors, each phase being
isolated to a single floor. The basement will serve as a cable vault
and all incoming and outgoing circuits will pass through it. There
will be two main ring busses and a transfer bus. The ring busses
will be divided into sections, each section fed by two generators and
with current -limiting reactors between sections. All circuits will
be connected to the busses through two oil circuit breakers in
series.

No prediction is made of the expected operating performance of
the station, but it is calculated that under ideal conditions, acting
solely as a 375 -lb. single -expansion nonreheating plant, it could
produce a net kw -hr. for 15,100 B. t. u. in the fuel and as a 1200 lb.
compound reheating plant, it could produce a net kw -hr. for 13,600
B. t. u. These figures show the advance in heat economy that modern
developments in steam engineering have made possible and the
advantage which the very high-pressure reheat cycle possesses over the
more conventional design. The actual plant performance will
depend among other things upon the character of the load which it
is found possible and the relative
proportion of high and normal pressure equipment that may be
operated.
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IN common with many of the other public service
companies serving our larger communities, The
Edison Electric Illuminating Company of Boston

has found its existing power stations and sites
developed to their economical limits. Faced with a
rapidly growing demand for service and with a broad
vision into the future, it is constructing, on an
entirely new site, the initial development of a station
expected to have an ultimate capacity of approximately
300,000 kw.

The scope of this paper is limited to a brief descrip-
tion of this station and its equipment, with an inter-
spersed discussion of such engineering features as are
thought to be of more timely interest.

Presented at the Annual Convention of the A. I. E. E.,
Swampscott, Mass., June 26-29, 1923.

GENERAL FEATURES

The selected site on the Fore River in Weymouth
contains about 63 acres. It is on deep water, readily
accessible by large ocean going coal carriers, and has
all other advantages necessary to give entire freedom
in the design of a large modern station.

Fig. 1 shows the general cross-section of the station.
The turbine room is to be located adjacent to the water
front so that the condensing water tunnels will be direct
and short. These tunnels are designed to give the same
ease of flow as though they were to serve hydraulic
turbines. The boiler room adjoins the turbine room
on the land side and lies between the latter and the
isolated building for the busses and electrical control.

The initial main generating equipment will consist
of two 32,000 -kw. turbines each driving a main 30,000-

799
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. Discharge Flume

kw. generator and a 2000 -kw. auxiliary generator
direct -connected to the shaft of the main generator.
These units will be supplied with steam at a nominal
pressure of 375 lb. and a total temperature of 700 deg.
fahr. There will also be one 2500 -kw. high back pres-
sure turbo -generator faking steam up to 1200 lb.
pressure and exhausting into the 375 -lb. system. All
station auxiliaries are to be driven by alternating -cur-
rent motors.

The boiler installation will include three boilers each
containing 19,743 sq. ft. of heating surface, with addi-
tional superheater and economizer surface, designed for
375 -lb. working pressure. There will also be one
boiler, of approximately the same heating surface,
which will be designed to operate at a maximum of
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Extreme High Water Gr.15.00
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Gr 1).00' Intake Tunnel Gr.
r--

4.50

PGr. 13.50r
High Pressure,'
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bridge is to carry a man trolley with bucket for re-
claiming from the storage pile. A Bradford breaker
will be used for crushing the coal on its way to the
station.

Current will be generated at 14,000 volts, three
phase, 60 cycles. It will be distributed from the sta-
tion through underground circuits partly at generator
voltage and partly at 25,000 volts through an adjacent
outdoor transformer substation. Future transmission
by gyerhead lines at 115,000 volts will also be provided
for. The bus and switching arrangement is described
later in this paper.

SELECTION OF STEAM CONDITIONS

The important bearing which the operating steam
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FIG. 1-CROSS-SECTION, WEYMOUTH STATION

1200 lb. It will likewise be provided with a super-
heater and an economizer, and also a steam reheater
to restore the temperature of the exhaust steam from
the high back pressure turbine to 700 deg. before it
passes into the 375 -lb. system. All boilers will be fired
with underfeed stokers.

The coal handling equipment will consist of two
electric unloading towers, a traveling bridge spanning
the storage pile, and a system of belt conveyors for
transporting the coal to or from the main storage or
directly from the unloading towers to the station
bunkers. The conveyor for delivering the coal to the
station will be about 700 ft. in length. The traveling
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pressure and temperature have upon the possible
maximum fuel economy of a station naturally called
for an extended study of these features before reaching
a decision in regard to them. When suitable econo-
mizers are employed the influence of steam pressure
and temperature upon the efficiency of steam generation
is negligible, but the influence of these factors upon the
efficiency with which the heat in the steam can be
utilized is in any case of definite importance.

The selection of the temperature at which the steam
should be supplied to the turbine is almost entirely a
problem of materials, as the beneficial effect of super-
heat, although largely indirect, continues in worth-
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while proportion up to the maximum temperature
which our engineering materials will properly withstand.
In some isolated instances, European engineers have
employed temperatures as high as 750 deg. to 800 deg.
fahr. and in America temperatures as high as 725 deg.
fahr. have been chosen by some designers. In con-
sidering this matter for the Weymouth Station it
seemed best to place the nominal limit at 700 deg. fahr.

It however appeared entirely practicable to employ
this limiting temperature regardless of the pressure
adopted.

Decision as to the most advantageous steam pressure
could not be reached without a much more involved
study, especially in view of the general lack of experi-
ence with the higher pressures and a decided variation
in prophecy as to the net advantage to be derived
through their use.

It was apparent that this study, to be complete,
would have to cover the following considerations:

1. The improvement in economy of heat utiliza-
tion made theoretically possible by increased steam
pressure.

2. The extent to which available equipment could
be expected to take advantage of the theoretical
possibilities.

3. The probable effect of increased pressure upon
reliability of operation and its flexibility in meeting
anticipated load conditions with high over-all economy.

4. Freedom in taking advantage of future changes
in the art.

5. The economic balance of carrying charges and
operating costs over a long period.

The development of one part of the study to deter-
mine the effect of the higher pressures upon improved
economy is illustrated by the curves in Fig. 2. All of
these curves have absolute steam pressure as their
abscissae.

Curve No. 1 shows the total heat in one pound of
steam at a uniform temperature of 700 deg. fahr. above
79 deg. fahr., which is the temperature corresponding
to one inch absolute pressure. It will be noted that
the total heat shows a decrease with increasing pressure.

Curve No. 2 shows the heat remaining in the steam
after perfect adiabatic expansion from the stated initial
conditions to a pressure of 1 in. absolute. The vertical
distance between this curve and curve No. 1 accordingly
represents the B. t. u. per pound of steam theoretically
available for doing work.

Curve No. 3 is a plotting of the available heat as a
percentage of the total initial heat shown by curve No. 1
and represents the efficiency of the Rankine cycle at
varying pressure. Its upwardly convex curvature indi-
cates how the rate of increase in theoretical efficiency
diminishes with increasing pressure.

Curve No. 4 shows the best efficiency at present to
he expected of turbo -generators in converting the
available heat, as shown by Curve No. 3, into useful
electrical energy. In determining this curve the unit

is credited with all heat recovered in the condensate
by bleeding at two stages.

Curve No. 5 is the product of Curves No. 3 and No. 4
and indicates, for the different pressures, the percentage
of the total initial heat in the steam which would be
actually converted into electrical energy or returned to
the boiler in the condensate. It will be noted that this
curve takes the shape of a dome with its highest point
corresponding to a steam pressure of about 600 lb.
absolute.

If steam turbines could be constructed which would
be equally efficient in transforming the available heat
energy- into useful work under all of initial steam pres-
sure conditions, Curve No. 3 would indicate that the
over-all thermal efficiency would increase with the
pressure throughout the entire range considered. The
most important factors which act to decrease the tur-
bine efficiency at higher steam pressure are the in-
creased gland and interstage leakage losses and, more
particularly, the increased steam friction occasioned by
the entrained water after the dew point has been reached.
This lowered efficiency is particularly marked where the
maximum permissible total temperature causes the
higher pressures to be accompanied by diminished
super heat, thus advancing the dew point to an earlier
stage. The recognized method of meeting this difficulty
and thus permitting the superior possibilities of higher
steam pressures to be realized, is to interrupt the
expansion of the steam at some intermediate pressure
and restore its temperature by reheating before the
expansion is continued. This may be accomplished
either by employing two independent turbines, one
exhausting to the other through the reheater, or by
returning the reheated steam to the lower stages of the
same machine from which it was extracted. The
design of the Weymouth Station makes provision for
employing the first of these two methods using a maxi-
mum pressure of 1200 lb.

In order that the reheater may be required to add
superheat only to the steam, it is necessary that the
exhaust from the high-pressure turbine be dry. The
amount of energy that may be extracted from a given
weight of steam between an initial condition of about
1000 lb. at 700 deg. and the dry saturated condition is
only a fraction of that which can be utilized by its
further expansion to vacuum after reheating. This
condition permits the use of large standard design
turbine units for the second expansion stage of the cycle.
Thermodynamically it makes little difference in the
cycle efficiency at what pressure the steam is reheated,
or, indeed, if it is reheated at all. In practical opera-
tion, there is a certain pressure at reheat which gives
the best combined efficiency of the two turbines work-
ing in series, but the efficiency at this pressure does not
appear to be a great deal higher than at other pressures
rather widely different from it. Of greater importance
are the mechanical problems connected with rehandling
the steam and the higher the pressure, within limits, the
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easier these become. For the particular situation
under discussion, it was desirable to have the lower
pressure portion of the plant able to function as a com-
plete and highly economical station, so that the same
considerations which control the selection of an initial
pressure for the single expansion cycle were allowed to
govern the choice of a reheat pressure in this case.
Although it appears from Curve 5 of Fig. 2, that about

 600 lb. is the most efficient pressure for a single expan-
sion unit, cost influences make a somewhat lower
pressure more economical to use. For Weymouth
Station the pressure selected is 375 lb.
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FIG. 2-EFFECT OF STEAM PRESSURE ON TURBINE THERMAL
EFFICIENCY

HIGH PRESSURE INSTALLATION

The high-pressure boilers will normally deliver
steam at approximately 1000 lb. pressure and 700 deg.
total temperature, corresponding to about 153 deg. of
superheat. The entire steam output of each boiler,
which under the usual operating conditions will be about
110,000 lb. per hour, will pass through a simple three-
stage turbo -generator where it will be expanded down
to a pressure of 375 lb. The steam will then be re-
heated to 700 deg. in a reheater installed in the same
boiler setting, and finally be discharged into the 350-1b.
header serving the main turbines. It may be noted
from the quantity of steam passing through each of the
high-pressure turbines that three such boiler -turbine
units will be required to supply one of the main 32,000 -
kw. turbines at the higher loads. Operating under
the conditions outlined each of the high-pressure tur-

bines will generate about 2000 kw. Thus, a total of
6000 kw. will be generated in reducing the pressure
of the steam required by one of the main units.

The high-pressure boilers will have tubes 2 inches
outside diameter and 15 feet long. The tubes will be
arranged in two banks with sufficient space between
for the superheater and reheater. The drum will be a
hollow steel forging 48 inches inside diameter with
walls 4 inches thick. In order to maintain suitable
drum strength the tubes and nipples, which commonly
enter the drum in lines parallel with its axis are turned
in pairs through an angle of 90 deg. so that the two enter
the drum on a common circumference. Fig. 3 shows
a cross-section of this boiler.

The generator of the pressure reducing units rated
at 3000 kv-a. is to be of the induction type, if a suitable
design can be worked out. This would avoid the
necessity of separate excitation and careful synchroniz-
ing when being placed in service.

There are many new problems involved in the design,
construction and operation of this high-pressure and
reheating installation, but their nature is such that
their solution may be confidently expected. It is
recognized, however, that a considerable amount of
development work will have to be done. It has there-
fore been decided to employ proven types of equipment
for the larger part of the initial installation, confi-
ning the use of equipment which is as yet lacking
commercial demonstration to a comparatively small
supplemental installation of one high-pressure boiler
with its turbine unit. This installation will afford an
opportunity to demonstrate the general practicability
of using very high-pressure steam in a re -heat cycle.

The ratio of high-pressure equipment and normal
pressure equipment to be installed in the future will
depend upon the results obtained from this initial
installation and upon the experiences of others who are
working along similar lines, or who are employing other
methods for the utilization of high-pressure steam and
the re -heat cycle.

Any estimate of the improvement in heat utilization
to be expected from the use of very high steam pressure,
is necessarily based on assumed properties of steam
obtained by extrapolation of existing steam tables and
diagrams, which may be subject to some correction.
The calculated savings are so large, however, that it is
felt that any probable error in these assumptions as to
the properties of steam will have a relatively unimpor-
tant bearing.

BOILER PLANT AND FEED WATER HEATING
The normal pressure boilers, which are to deliver

steam at 375 lb. and a final temperature of 700 deg. will
be of the cross drum design, 48 tubes wide and 17 tubes
high, with the superheaters between the tube banks.
The exit gases will be further cooled by straight steel
tube economizers which, with the induced draft fans,
will be located above the boilers. The furnace arrange-
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FIG. 3--BECTION OF 1200 -LB. BOILER

ment provides for firing from the low end of the boilers.
The stokers are to be of the underfeed type, with clinker
grinders, there being 16 retorts per boiler. The boilers
Will be set with the bottom of the uptake headers 25
feet above the firing floor. They will be arranged in
parallel rows with the uptake ends facing a common
center aisle from which all firing operations will be
controlled. The stokers, which will thus be in the side
aisles, will be supplied with coal from overhead longi-
tudinal bunkers. This general arrangement of the
boiler room is the same as that of the newer portion of
the Edison Company's "L Street" Station, where it
has proved highly satisfactory. It provides well

lighted, clean and cool working quarters for boiler
room operators and locates the stokers where abundant
side light and ventilation are readily obtainable.

Except for the necessary modification in details, the
boiler designed for operation at 10001b. pressure, and
previously described, will be installed in accordance
with the same general plan employed for the lower
pressure boilers. The stoker and furnace installation
will be practically the same and no attempt is to be
made to isolate this installation.

Make-up water is to be provided by evaporators
and the entire supply will be deaerated.

Economizers with a heating surface equivalent to
about 55 per cent of the boiler surface were chosen.
This selection was preceded by a study of the following
influential factors:

1. The temperature at which the feed water should
leave the bleeder heaters and enter the economizers.

2. The most advantageous division of the total
heating surface between the boiler and the economizer.

The capacity of the feed water to absorb heat is
theoretically limited by the range between two fixed
temperatures,-that of the condensate and that of the
saturated steam in the boiler. The practicable range of
heating is, of course, somewhat narrower. The heat
consumption of the main turbine, when credited with
all heat returned to the system, is unquestionably the
lowest when all of the heating is done by extracted
steam. On the other hand, the efficiency of the boiler
plant is highest when all of the heating is done in the
economizer. The best over-all plant efficiency must
therefore lie in some compromise between these
opposing considerations. The calculations made for
the Weymouth Station indicated that the most ad-
vantageous temperature to change the method of
heating was between 210 deg. and 220 deg. fahr.
Practically considered this is a most desirable tempera-
ture, also, for it avoids the use of superheated steam
in the extraction heaters, diminishes the possibility
of external corrosion of economizers and permits ade-
quate deaeration of the feed water.

Considering the boiler and economizer in common,it
is evident that for heating the water through a given
total temperature range, and with a given outlet gas
temperature, there will be less total heating surface
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required as the proportion arranged as counterflow
economizer surface is increased. The relative cost of
the two kinds of surface, however, exerts an opposing
influence and necessitates a compromise. As to the
boiler, its width is largely determined by the number
of stoker retorts required, so its heating surface varies
with its height. For the Weymouth Station the various
considerations indicated that a boiler 17 tubes high and
with 55 per cent additional economizer surface would
provide the most satisfactory proportion, and that the
resulting economy would justify the installation of this
total amount of surface.

Decision to fire the boilers with stokers was reached'
only after a very careful study of the relative merits of
using pulverized coal. The conditions surrounding this
problem for the Weymouth Station were such that the
probable savings in fuel through the use of powdered
coal represented relatively low percentage of the
total fuel cost. This estimated saving was further
reduced by the additional carrying charges to a margin
which was too narrow to clearly call for the use of
the powdered coal system. It was accordingly decided
to adhere to the present practise of the Edison Company
and employ stokers, at least for the initial boiler
installation.

AUXILIARY DRIVE

All of the normally operating station auxiliaries are
to be electrically driven, using alternating-current
motors throughout. Motors of 25 h. p. and less will,
in general, be served at 550 volts, and those of greater
capacity at 2300, volts. Any necessary speed regula-
tion is to be obtained through the use of brush shifting
and slip -ring motors.

Power for all auxiliaries upon which the continuity
of operation of the main units depends, will be supplied
from auxiliary generators driven by the main turbines
through direct connection to the shafts of the main
generators. These auxiliary alternators will have a
rating of 2500 kv-a. and will generate at 2300 volts,
3 phase. They will be mechanically in phase with the
main generators so that although they will normally
operate independently, they may be connected to the
main bus through suitable transformers when desired.
In starting up a main unit all of the auxiliaries will be
started from the main bus but after the unit is in opera-
tion the important auxiliaries will be transferred to the
auxiliary bus of that unit and thus be supplied from the
auxiliary generator independently of the main circuits.
The less important auxiliaries will be regularly operated
from a 2300 -volt bus fed through transformers from the
main bus. A separate steam driven auxiliary turbo-
generator will be provided to permit starting the station
from cold in emergency.

Each generator will be excited by a 175 -kw. motor
generator set, consisting of a 2300 -volt induction motor
and a 250 -volt direct -current generator. This set will
be operated from the direct -connected auxiliary genera-
tor. A spare motor generator exciter and also a spare

steam driven exciter are to be installed for emergency
excitation and for battery charging. A storage battery
will float on the exciter bus. The 2300 -volt auxiliary
generators will have direct -connected exciters but, in an
emergency may be excited from the 250 -volt busses.

The auxiliary generators, being driven by the main
turbines, will produce electrical energy with the highest
obtainable economy, practically equal to that of the
main units themselves. It is therefore expected that
the use of this system will permit the attainment of
higher plant efficiency with greater security, than would
be possible with any other method of auxiliary power
supply which presented itself.

The complete avoidance of auxiliary exhaust steam
permits the preliminary heating of the feed water to be
accomplished entirely by multi -stage bleeding of the
main turbine. It is well recognized that this method
of heating results in greater efficiency than by the use
of exhaust steam from individual auxiliary. turbines,
"house turbines," or any combination of them. In
most other possible arrangements for heating the feed
water entirely by bleeding the main units the supply
of auxiliary power must be taken from the bus and
thus be subject to the effects of external electrical
disturbances. Even the use of separate house turbines
usually involves a connection with the main bus, either
directly, with its attendant hazard to continuity of
service, or through a motor generator set with attend-
ant lowered efficiency,-this connection being required
to secure the proper feed water temperature while
carrying an auxiliary load which does not necessarily
bear a direct relation to the feed heating requirements.

SWITCHING ARRANGEMENT

Figs. 4 and 5 show in diagram a plan and cross-sec-
tion of the isolated switch house as it is expected to
develop, consisting of four stories and a basement.
All incoming and outgoing circuits enter or leave
through the cable room in the basement.

In the layout of the cable room the following have
been the guiding principles:

Proper segregation of the cables in the ducts.
Facility for taking any feeder circuit into any out-

going duct line without the need of further crossovers
in outside manholes.

Means for testing any cable at any time at suitable
high voltage, and for complete protection of men work-
ing on cables, through potential indicating and ground-
ing devices.

Suitable space and handling facilities for cables.
The three floors above are occupied by the busses,

switch gear and reactors, each phase being isolated on a
separate floor. Fig. 5 shows a different equipment
section on each floor,-on the first floor is represented
a feeder section, on the second a generator section and
on the third a bus tie section.

On the fourth floor are located the oil circuit breaker
and disconnecting switch operating mechanisms, which
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are interlocked to prevent the wrong sequence of opera-
tion. The switchboard room adjoins the mechanism
room on the same floor, making a compact and con-
venient operating arrangement. On the third floor
directly under the switchboard there is a conduit room
to permit flexibility in adapting control circuits to
future growth.

The switch house structure is subdivided by suitable
longitudinal and cross partition walls so that each bus
section is in a room by itself. Conduit is run in floors
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Fig. 6. A double -ring bus is planned, in conjunction
with a single transfer bus. The two -ring busses will be
sectionalized with current -limiting reactors between
sections. Each section will be fed by two generators.
It will be possible by use of the transfer bus to inter-
connect any two of the sections, thus permitting com-
plete flexibility of operation. For the initial develop-
ment only one bus section will be necessary, which will
be operated simply as a double bus.

The connection of all generator and feeder circuits
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FIG. 4-PLAN OF SWITCH HOUSE

and kept out of electrical structures wherever possible.
Metallic reinforcement of concrete electrical structures
has also been avoided as far as practicable and where
reinforcing is essential it is either discontinuous or
solidly grounded, so that a high -resistance ground pass-
ing insufficient current to open the circuit will not cause
heating of the reinforcement and disintegration of the
concrete.

The contemplated arrangement of the 14,000 -volt
main power circuits may be seen from the diagram in

RING BUS NO I

RING BUS OR 2

TRANSFER BUS

RING BUS NO Z

RIND BUS NO I

10 OUTDOOR
TRANSFORMER SUBSTATION

3- TO OUTDOOR
JRANFORMER SUBSTATION

to the bus is to be through two oil circuit breakers in
series so that there may be double assurance of ability
to open the circuit under any emergency condition.
This object may also be attained by the use of group
busses if the capacity of the individual circuits is in-
sufficient to warrant the expense of the extra breakers
that would otherwise be required. The oil circuit
breakers for use on feeders and for bus sectionalizing
are guaranteed to rupture 34,500 amperes at 15,000
volts. Those on generators and on large capacity
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CONTROL BAY
4th Floor -Section Through Control Room
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2nd Floor -Section Through Electrical Laboratory
1st Floor -Section Through Maintenance Room
Basement -Section Through Battery Room

FIG. 5-CROSS-SECTION OF SWITCH HOUSE
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transformer circuits which may connect with other
power systems are gtaranteed to rupture 58,000 am-
peres at this same potential.

The generators and their cable connections to the
busses will be protected by balanced relays arranged to
automatically disconnect any unit from the bus in the
event of a ground or short circuit on the machine side
of the circuit breaker. The generator leads are to be
single -conductor cables carried on insulators from the
machines to the switch house, through closed corridors.
No cables carrying a higher potential than 2300 volts
will be carried in ducts within the station.

On account of the relatively low capacity of the
generators which are to be driven by the 1200 -lb. pres-
sure turbines, the expense of providing the necessary

NE I GEN. UNIT

bay between the boiler room and turbine room. Truck
type switch gear will be used.

PLANT EFFICIENCY
In what has gone before the discussion has centered

for the most part around the efficiency of particular
apparatus, conditions or methods. Of even greater
interest to engineers in general is the efficiency of the
whole plant as being indicative of the care and skill
with which the various components have been pro-
portioned and assembled, and the necessary compromises
made between conflicting requirements.

It has been shown that in what, for purposes of
differentiation, has come to be called the "Normal
Pressure" part of Weymouth Station, steam pressures
comparable with the highest now employed in America
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FIG. 7-AUEILIARY SWITCHING CONNECTIONS

switching equipment and building space, for their
direct connection to the main bus is not warranted. It
is planned, therefore, to connect each group of three of
these units to a separate bus through low -capacity oil
circuit breakers. The group bus, will in turn, be
connected to the main bus in about the same manner
as a feeder.

A wiring diagram of the system for driving the
station auxiliaries is given in Fig. 7. The auxiliary
generators will be controlled from the main switch-
board and the operator there will be responsible for
keeping the 2300 -volt busses constantly energized. The
2300 -volt busses will be located in separate substations,
one for each two units, to be provided in the auxiliary

O 0

sruAERS 5,01,05 C

are to be used. In addition pressures higher than any
that have been used heretofore for similar purposes are
to be thoroughly tried out in conjunction with the re-
heat cycle.

Feed water heating is to be accomplished both by
steam extraction from the main turbines and by the
use of economizers. To obtain the maximum of benefit
from the steam extraction method of heating motor
driven auxiliaries only are to be used, supplied with
power from a most efficient direct -connected auxiliary
alternator. The auxiliary apparatus itself has been
selected with a view to obtain the highest efficiency
in both the driving and driven members.

Fig. 8 shows, in the upper diagram, an analysis of
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the performance which could theoretically be realized
in the operation of the normal pressure (375 lb.) portion
of the station of the design as described. The lower
diagram shows a similar analysis for such a station
operating exclusively on the reheat cycle, with the
entire steam supply generated at 1000 lb. Both
diagrams are based upon ideal operating conditions,
1. e.-a constant station load of such amount and

All Boiler Losses 16.007.

Heat in Fuel

100 °A
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4,

1,

Economizers

energy, which is equivalent to 15,100 B. t. u. per kw-

hr. net generated, or approximately 1.05 lb. of coal of a
heat value of 14,400 B. t. u. per lb.-while the corres-
ponding figures for the high-pressure reheat plant are
25.1 per cent, 13,600 B. t. u. per kw -hr. and approxi-
mately 0.945 lb. of coal.

They above calculated results represent only the
ultimate possibilities under ideal load conditions. It
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character as would permit the main units to operate
at their point of best efficiency and at 100 per cent load
factor. The estimated efficiency of each individual piece
of equipment is that guaranteed by the manufacturer.

From these diagrams it will be observed that the
normal pressure straight condensing plant will trans-
form 22.6 per cent of the heat in the fuel into electric

is, of course, impossible to predict what the results of
actual operation will be as this will be influenced con-
siderably by the extent to which a constant base load
can be allocated to the Weymouth Station and the
extent to which it is found advisable to employ the
high-pressure equipment in making future extensions
to the station.



The Quality of Incandescent Lamps
BY JOHN W. HOWELL and HENRY SCHROEDER
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g Review of the Subject.-The new specifications for incan-
decent lamps determine their quality in terms of life to burnout at
a specified mean efficiency. Formerly it was measured by the life
to 80 per cent. of initial value. The new tests, therefore, conform
more nearly to the actual practise in the use of tungsten filament
lamps, as many of these lamps are above 80 per cent at time of
burnout.

The data on carbon lamps in the paper are based on a life exponent
originally determined by Mr. Howell, one of the authors of this paper.
Curves showing the relation between life, efficiency and candle power
was given by him in a paper presented before the Institute on April
10, 1888. Practically the same life -candle power relation has been
found to apply to the GEM, tantalum and tungsten filament lamps.
Nowadays the exponent used is that applying to the life -efficiency
relation and is different for each kind of filament as they have
different candle power -efficiency relations. All data are based on
commercial ratings and guarantees.
;14 The quality of tungsten filament lamps has greatly improved since
their commercial introduction in 1907 as is shown by the fact that
the 40 -watt vacuum lamp is now over eight times as good as then.

There is a difference in the present relative quality of the
various sizes of tungsten filament lamps. The 10 -watt vacuum
lamp, if operated at 10 mean lumens per watt, would live 190 hours
and the 1000 watt gas -filled lamp 36,000 hours. The lives of other
sizes of lamps at this efficiency is between these two extremes.

There has been an enormous improvement since Edison's first
commercial carbon lamp of 1880. It is estimated that if the present
40 -watt tungsten filament lamp were made for the same mean
efficiency as the 1880 lamp, the tungsten filament lamp should have

a life of over a hundred and fifty thousand years. And this does not
include the enormous improvement in the larger sizes of lamps due
to Dr. Langmuir's invention of the gas -filled lamp. Owing to
these enormous differences, the other term of quality measurement,
indicating the mean efficiency for a given life, is therefore used to
show the improvements since 1880. A table gives these data in
chronological order.

It is estimated that in 1880 about 50 lumen -hours of light were
obtained for one cent, covering the cost of current 'and lamp
renewals. The amount now obtainable is very much greater,
due to lamp improvements, reduction in their prices and reduction-

in rates for current. The public has utilized these by using more
light. With the present 40 -watt tungsten filament lamps and with
current at the present approximate general average rate of 4% cents
kw -hr., 1700 lumen -hours can be had for one cent. It is impossible
to show what part of this actual increase is due to lamp improvements
except to indicate what would have been obtainable with one factor
without the other. Thus had there been no rate reduction, 432 lumen -
hours would now be had due to actual lamp improvements. With-
out the lamp improvements 190 lumen -hours would now be had due
to the reduction in the general average rate. To indicate the gain
due to Dr. Langmuir's invention of the gas -filled lamp, in which
the high wattage sizes are the most efficient, 3820 lumen -hours can
be had with the 1000 watt lamp at 4% cents per kw -hr.

About half a billion dollars were spent in the United States in
1922 for current used for lighting. If the same amount of light
were produced by the original 1880 bamboo carbon lamp, the cost
would have been increased 3% billion dollars requiring about fifty
billion extra tons of coal, equal to about ten per cent of the total
coal production in the United States.

THE purpose of this paper is to show the im-
provements have been made in incandescent
electric lamps since they first became commercially

available.
Quality is the term used by incandescent lamp

engineers in connection with the relative excellence of
lamps. The two main factors which determine quality
are efficiency and life. With a given quality these two
factors bear a reciprocal relation to each other, that is,
the life of a lamp can be increased but at a sacrifice of
efficiency, and vice versa.

Attention is called to the fact that Mr. Howell, one
of the authors of this paper, presented before the Insti-
tute on April 10, 1888, a paper entitled "The Maximum
Efficiency of Incandescent Lamps". This paper gave,
for the first time, data on the relation between the life
and efficiency of incandescent lamps. Occasional
reference to this paper will be made.

An improvement in quality might be reflected as an
increase in efficiency or in life, without a reduction of
the other factor. Quality, therefore, may be measured
either in terms of efficiency for a given life, or in terms
of hours life for a given efficiency. In the 1888 paper
the latter term was used, the quality of lamps being

Presented at the Annual Convention of the A. 1. E. E.,
Swampscott, Mass., June 26-29, 1923.

stated as "The life they will give when burned at a
given efficiency."

The quality measure is useful to lamp engineers in
determining the usefulness of suggested improvements
in lamps, in comparing the performance of different
types of lamps and in maintaining the product up to
the highest possible standard.

STANDARD SPECIFICATIONS FOR DETERMINING LAMP
QUALITY

The Bureau of Standards at Washington, D. C., have
for some time established specifications on lamps for
use by the various departments of the United States
Government. These specifications were established by
them after conference with manufacturers and engineers.
The present specifications are different from those in
use up to about two years ago.

The difference between the present and previous
specifications can perhaps best be explained by quoting
the introductory statement of Circular 13 of the Bureau
of Standards:

"The most notable of these changes is the abandon-
ment of the long-established provision that the life of
test lamps shall be considered as ended when the candle
power has fallen to 80 per cent of the initial value. The
specification of such an end point is convenient and

809
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reasonable in the testing of carbon lamps, because those
lamps will often burn for a long period after they have
become so blackened that they should not be continued
in use. In tungsten lamps, however, means have been
found to prevent excessive blackening of the bulbs, so
that the lamps normally burn out before their efficiency
has fallen enough to justify replacing them. The new
tests will, therefore, be based on the total life to the time
of burnout, thus conforming more nearly to actual
practise in the use of lamps."

"The performance of the lamp throughout its life will
also be taken into account through - the evaluation
of life -test results on the basis of average efficiency
throughout life, instead of the initial efficiency."

It will be noted that the inherent quality of lamps is now
measured by the number of hours life to burnout at a
given average efficiency throughout life. Lamps may
be operated on test at an efficiency that will make the
duration of the test about 500 hours. For purposes of
comparison of different lots of each size of lamp and for
a permanent historical basis of record, mean efficiencies
are given in the specifications for each lamp, which
efficiencies were originally based on an average life of
500 hours.

BASIS OF DATA

In Mr. Howell's 1888 paper, a curve was shown indi-
cating the relation between the life and efficiency of
carbon lamps, which at that time had untreated fila-
ments. This curve was based on the author's calcula-
tions, obtained from the tests of many lamps during a
period of over five years, that, the life of lamps varied
inversely as the 3.65 power of the candle power. This
life -candle power exponent however was not given in
the paper. In the intervening years, even with the
tests of many more lamps, this exponent has remained
unchanged. It has even been found that the same
life -candle power exponent applies to the treated carbon,
the Gem (metallized carbon) and practically to the
tantalum and tungsten filament lamps.

Nowadays it is customary to make calculations on
the basis of the life efficiency exponent. This exponent
varies with the different lamps as the candle power -
efficiency curve is different for each kind of filament.
The life -efficiency exponents used in the calculations of
the data given herein are as follows:

5.5 for the untreated carbon filament lamp
5.8 for the treated carbon filament lamp
5.8 for the Gem (metallized carbon) lamp
6.2 for the tantalum lamp
6.7 for the tungsten filament lamp

The exponent for tungsten filament lamps has been
considered to be different for the different sizes of lamps,
but it is now. believed by many that the figure 6.7
applies to all sizes, so this figure is used herein.

ImpROVEMENT IN QUALITY 0F TUNGSTEN FILAMENT

LAMPS

Limitation of space prevents giving data showing the
improvement in all the different sizes of tungsten fila-
ment lamps from their commercial introduction to
date. The most important of the vacuum lamps is the
40 -watt, 115 -volt size. The suggested standard com-
parison efficiency given in the specifications for this
lamp is 9.9 mean lumens per watt. The actual life
obtained at this mean efficiency, based on the commer-
cial ratings in effect at various times from the introduc-
tion of this size of lamp in 1907 to date, is as follows:

TABLE I.
QUALITY OF 40 -WATT 115 -VOLT VACUUM TUNGSTEN FILA-

MENT LAMP, 1907-1923

Inherent
Quality

Mean Ern -
Hours lifeHours Spheri- clencY in

Initial life to cal reduc- percent of to burnout
Date efficiency burnout tion factor Initial at 9.9 mean

L -P -W

Vov. 1907 1.25 w -p -h -c -p 800 78% 85% 63
(pr. 1910 *1.23 do 1000 78% 85% 78
act. 1912 1.17 do 1000 78% 86% 120
Fan. 1914 1.10 do 1000 78% 87% 196
Oct. 1914 1.03 do 1000 78% 88% 327
May 1917 1.35 w -p -s -c -p 1000 87% 281
luly 1917 1.33 do 1000 88% 312
Aug. 1918 1.36 do 1000 87% 250
Apr. 1920 1.35 do 1000 87% 261
May 1921 9.9 1 -p -w 1000 89% 458
Dct. 1921 10.1 do 1000 90% 564
May 1922 10.1 do 1000 89% 524
[Way 1923 10.1 do 1000 89% 524

*The International candle in use since April 1910 is 1.6 per cent less than
the standard used prior to that date.

It will be seen that a great improvement in the quality
of this lamp has been made since its introduction
sixteen years ago; in fact the quality then was but 12
per cent of what it is now. Due to war conditions there
were slumps, but the lamp is now about twice as good
as it was in 1914. These data, derived from commercial
ratings, show average figures-there are of course
occasional fluctuations.

DIFFERENCE IN RELATIVE QUALITY BETWEEN VARIOUS

SI2ES OF TUNGSTEN FILAMENT LAMPS

A difference in relative quality between the various
sizes of lamps is indicated by the difference in their
rated initial efficiency. Table II shows the present
difference in relative quality between the various
standard sizes of 115 -volt tungsten filament lamps as
determined from their commercial ratings.

It is impractical to chart the relative quality given
in the above table in terms of hours life at a given
efficiency. A chart, Fig. 1, has therefore been pre-
pared showing the present relative quality in terms of
the mean efficiencies (given in Table II) of the various
lamps for 500 hours life.
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TABLE IL
DIFFERENCE IN RELATIVE QUALITY BETWEEN VARIOUS

SIZES OF 115 -VOLT TUNGSTEN FILAMENT LAMPS

Lamp

Commercial
Rating

initial L -P -W

Mean L -P -W
for 500

hours life

Relative
Quality

Hours life at 10
mean L -P -W

10.watt Vacuum 8 . 2 8.73 190

15 watt Vacuum 8 . 7 9.16 275

25 watt Vacuum 9.5 9.56 375
40 watt Vacuum 10.1 9.98 485
50 watt Vacuum 10.2 9.84 440

60 watt Vacuum 10.2 9.61 370

75 watt Gas -filled 11.8 11.9 1.600

100 watt Gas -filled 12.9 13.0 2,950
150 watt Gas -filled 14.3 14.3 5,400
200 watt Gas -filled 15.3 15.4 9,100
300 watt Gas -filled 16.5 16.6 15,200
500 watt Gas -filled 18.1 18.1 26,400
750 watt Gas -filled 19.1 18.0 25,300

1000 watt Gas -filled 20.0 18.8 35.000
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FIG. 1. PRESENT MEAN EFFICIENCIES OF TUNGSTEN FILAMENT
LAMPS FOR 500 HOURS LIFE

IMPROVEMENT IN THE MOST GENERALLY USED LAMP,
1880-1923

The first commercial incandescent lamp had a car-
bonized paper filament. About the middle of the year
1880, carbonized bamboo was used. The term "watts"
had not been adopted at that time, so the bamboo lamps
were made for an efficiency of "eight lamps per horse
power". The lamps were designed to give 16 candle
power in a horizontal direction when new and had a
rated commercial life of. 600 hours to burn out. Ex -

811

pressing these figures in the present international candle
power standard, their quality was such that it is com-
puted that they would have given a mean efficiency of
1.12 lumens per watt during 500 hours total life. In
the latter part of 1881 lamps were made at a higher
efficiency for use on lighting circuits having close voltage
regulation. They were made "ten lamps per horse
power" rated for 600 hours life to burn out. In the
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FIG. 2. IMPROVEMENT IN LAMPS, 1880-1923 -

years following the quality was improved by the experi-
ence gained in manufacture, the changes in the filament,
etc. The most important improvements were in:
1888 Asphalted bamboo - carbon filament
1893 Treated bamboo - carbon filament
1894 Treated cellulose - carbon filament
1905 Metallized carbon filament (Gem lamp)
1906 Tantalum filament
1907 Tungsten filament
1911 Drawn tungsten wire
1912 "Getters" (chemicals used to improve the lumen

maintenance)
1913 Gas -filled tungsten filament lamp.

The aggregate of these advances brought about by
changes in type of filament and improvement in quality
is staggering in amount. For example, the quality of the
present 40 -watt vacuum lamp is such that if it were made
for the same mean efficiency as Edison's bamboo carbon
lamp of 1880, it is estimated that the tungsten filament
lamp would have a life of over one hundred and fifty
thousand years. And this does not take into con-
sideration the enormous improvement in the larger
sizes of tungsten filament lamps due to Dr. Langmuir's
brilliant invention of the gas -filled lamp.

Owing to such enormous differences, the improve-
ments are therefore indicated in terms of their mean
efficiencies for 500 hours life. Table III gives the mean
efficiencies of the most popular size of vacuum lamp
in use from 1880 to date. These data in chart form are
shown in Fig. 2. To indicate the improvement made
possible by Dr. Langmuir's invention, the present
mean efficiencies of the 75 and 1000 -watt gas -filled
tungsten lamps are added at the bottom of Table III.

Due to these various improvements, the rated initial
efficiencies were improved as will be seen from the
figures in the third column.
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TABLE 111.
MEAN EFFICIIHNOIEN FOR 500 110URS LIFE OF ()ARBON, OEM, TANTALUM AND VACUUM TUNOHTEN FILAMENT LAMPS, 1880-11)23

Ditto Lamp
Rated Initial

cadency
Ratc.d Hours life

to burnout
Iti.ductIon

factor
Mean efficiency

c.; InIIIaU
Mean 1.1.W fur

500 tins. life

1880 16 c.p. carbon (bamboo) 8 per h. p. 600 77% 651/4 1.12
Oct. 1881 do do 10 per h. P. 600 77 65 1.41

1888 do (asphalted bamboo) 3.1 w pimp 600 77 70 2.30
1803 do (treated bamboo) 3. I wpitcp MX/ 77 75 2.46
1804 do (treated cellulose) 3.1 wphcp 600 82% 80 2.80
1900 do do 3 . I wphcp 600 82% 81 2,83
1904 do do 3.1 wphcp (100 82% 82 2.87
1905 50 watt GEM 2.5 wphcp 600 82% 82 3.60
1906 44 watt Tantalum 2.0 wphcp 700 78 85 4.46

Nov. 1907 40 watt Tungsten (pressed) 1.25 wphcp 800 78 85 7.20Apr. 1910 do do *1 23 wphcp 1000 78 85 7.62
1911 do (drawn) 1.23 wphcp 1000 78 85 7.62Oct. 1912 do do 1.17 wphcp 1000 78 86 8.01Jan. 1914 do do 1.10 wphcp 1000 78 87 8.66Oct. 1914 do do 1.03 wphcp 1000 78 88 0.31July 1916 do do 1.32 wpscp 1000 88 9.31May 1917 do do 1.35 wpscp 1000 87 9.01July 1917 do do 1.33 wpscp 1000 88 9.24Aug. 1918 do do 1.36 wpscp 1000 87 8.93Apr. 1920 do do 1.35 wpscp 1000 87 9.01May 1921 do do 9.9 1 -p -w 1000 89 9.77Oct. 1921 do do 10.1 1 -p -w 1000 90 10.10May 1922 do do 10.1 1 -p -w 1000 89 9.98May 1923 do do 10.1 1 -p -w 1000 89 9.98

May 1923 75 watt Tungsten (gas -filled) 11.8 1 -p -w 1000 91 11.90

May 1923 1000 watt Tungsten (gas -tilled) 20.0 1 -p -w 1000 85 18.80
*The International candle in use since April 1910 is 1.6 per cent less than the standard used prior to that date.

VALUE OF LAMP IMPROVEMENTS

The cost of current to the public is now very much
less than in 1880. The public has increased the amount
of light it has used with every reduction in rate for
current and every improvement in lamps. It is diffi-
cult to determine the cost of current in the first few
years, but it is assumed in the following calculations to
have averaged 20c. per kw -hr., from 1880 to 1883, 15c.
from 1883 to 1888 and 13c. from 1888 to 1890. Data
beginning with 1890 are available on the general average
rate for which current was sold so these figures are used
in the calculations.

The 1880 lamp had a mean efficiency of 1.09 lumens
per watt during its rated life of 600 hours, consumed
about 93 watts and had a list price of one dollar. At
20c per kw -hr., about 50 lumen -hours could be obtained
for one cent, covering the cost of current and lamp
renewals.

The present 40 -watt tungsten filament lamp has a
list price of 32 cents. If it were of the same quality as
the 1880 lamp it would have a mean efficiency of 1.01
lumens per watt during its rated life of 1000 hours. At
the present approximate general average rate of 4 lAc.
per kw -hr. such a lamp would produce 190 lumen -hours
for one cent.

If on the other hand with no reduction in rate for
current, the present 40 -watt lamp, which has a mean
efficiency of 9 lumens per watt during its 1000 hours
rated life, would at 20c. per kw -hr., produce 432 lumen -
hours for one cent.

With the combination of the reduction in rate and
improvement in lamps, it is now possible at the approxi-
mate general average rate of 4Mc. per kw -hr., to obtain

1700 lumen -hours for one cent. It is impossible to
state exactly what part of the increase is due to lamp
improvements and what part is due to reduction in
cost of current, except to indicate what would have
been obtainable with one factor without the other.

Table IV shows the number of lumen-hours obtained
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FIG. 3. LUMEN -HOURS FOR ONE CENT AT APPROXIMATE GEN-
ERAL AVERAGE RATES FOR CURRENT, 1880-1923

69 66 88 94 54 96

from time to time for one cent with the most popular
size of lamp used. It is based on the prevailing lamp
quality and the prevailing approximate general average
rate for current. This is shown diagramatically in
Fig. 3. At the bottom of Table IV is given for com-
parison, the number of lumen -hours now obtainable
with the 75 and 1000-watt gas -filled tungsten filament
lamps.
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TABLE IV.
LUMEN -HOURS FOR ONE CENT, 1880-1923

Mean
lumens

Approxi-
mate

general

Lumen
hours for
one cent
with pre -

vailing
quality

Rated per watt List average and pre -
life during price rate vailing
in rated of per rate per

Date hours life lamp kw -hr. kw -hr.

16 C -P Carbon Lamp

1880 600 (a) 1.09 $1.00 $0.20 50

Oct. 1881 600 (b) 1.37 1.00 0.20 61

1883 600 (b) 1.37 0.75 0.15 83

1888 600 (b) 2.23 0.75 0.13 143

1890 600 (c) 2.23 0.75 0.12 155

1893 600 (c) 2.38 0.75 0.11 176

1894 600 (c) 2.72 Q.75 0.10 220

1895 600 (C) 2.72 0.50 0.0934 246

1896 600 (c) 2.72 0.22 0.09 283

1900 600 (c) 2.75 0.20 0.08' 300

1904 600 (c) 2.79 0.20 0.07 364

50 Watt GEM Lamp

1905 I 600 3.45 1 0.25 I 0.07

44 Watt Tantalum Lamp

440

1906 I 700 I 4.23 1 0.75 1 0.08
I

501

40 Watt Vacuum Tungsten Filament Lamp

Nov. 1907 800 6.78 1.50 0.06 635

Oct. 1908 800 6.78 1.10 0.05' 759

Nov. 1908 800 6.78 1.06 0.0534 785

Sept.1909 800 6.78 0.90 0.0534 815

Jan. 1910 800 6.78 0.80 0.0534 870

Apr. 1910 1000 6.78 0.80 0.0534 904

Apr. 1911 1000 6.78 0.70 0.05 967

Mar. 1912 1000 6.78 0.55 0.05 1020

Oct. 1912 1000 7.20 0.45 0.05 1175

July 1913 1000 7.20 0.35 0.05 1250

Jan. 1914 1000 7.77 0.35 0.05 1280

Apr. 1914 1000 7.77 0.30 0.05 1300

Oct. 1914 1000 8.38 0.30 0.05 1595

Apr. 1915 1000 8.38 0.27 0.04', 1620

May 1917 1000 8.10 0.27 0.0434 1570

July 1917 1000 8.32 0.27 0.041, 1610

Jan. 1918 1000 8.32 0.30 0.04'4 1590

Aug. 1918 1000 8.04 0.30 0.0434 1535

Oct. 1918 1000 8.04 0.35 0.04' 1515

Apr. 1920 1000 8.10 0.40 0.04' 1470
May 1921 1000 8.80 0.40 0.0434 1600
Oct. 1921 1000 9.10 0.40 0.0434 1650
Apr. 1922 1000 9.10 0.35 0.04X 1690
May 1922 1000 9.00 0.35 0.04' 1670
May 1923 1000 9.00 0.32 0.04' 1700

75 Watt Gas -Filled Tungsten Filament Lamp

May 1923 I 1000 11.90
I

0.55 I 0.04'
I

54 2270

1000 Watt Gas -Filled Tungsten Filament Lamp

May 1923 I 1000 I 18.80 I 4.25 I 0.04X I 3820

(a) 93.25 watts (b) 74.6 watts (c) 50 watts

The amount of light now obtainable for one cent,
with the 40 -watt vacuum and the 75 and 1000 -watt,
gas -filled tungsten filament lamps at various rates for
current, is given in Table V. As in Table IV, the cost
of lamps is considered as their list price. Large con-
sumers of current obtaining low rates are usually large
purchasers of lamps and hence obtain them at less than

list price. Under such circumstances the amount of

light obtained for a given expenditure would be some-
what greater than stated. For comparison, the amount
which would have been produced by the 1880 lamp is
also shown. These data are shown diagramatically in

Fig. 4.
As previously mentioned, it is impossible to exactly

state what part of the increase is due to lamp improve-
ment and what part is due to the rate reduction. The
improvement in lamps is indicated by the fact that the
rated mean efficiency of the present 40 -watt vacuum
tungsten filament lamp is 8V1 times, the 75 -watt gas -
filled is nearly eleven times and the 1000 -watt is 17%
times that of the 1880 lamp. The rate reduction de-
pends, of course, on the rate used.
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FIG. 4. LUMEN -HOURS Now OBTAINABLE AT VARIOUS RATES
FOR CURRENT

TABLE V.
LUMEN -HOURS FOR ONE CENT AT VARIOUS RATES FOR

CURRENT

Rate
per

kw -hr.

Lumen -Hours for One Cent with

1880
, carbon

lamp

40 -watt
vacuum
tungsten
filament

lamp

75 -watt
gas -filled
tungsten
filament

lamp

1000 -watt
gas -filled
tungsten
filament

lamp

1 c. 391 5000 6860 13200
2 288 3200 4150 7700
3 228 2370 3190 5500
4 188 1870 2510 4230
5 160 1550 2080 3460

6 140 1333 1760 2930
7 124 1150 1540 2530
8 111 1022 1360 2230
9 101 918 1220 2000

10 92 832 1110 1800

12 78 703 805 1510
14 69 608 755 1300
16 61 536 670 1140
18 55 480 003 1020
20 50 432 574 905
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EFFECT OF LAMP IMPROVEMENTS

Improvements in lamps may be utilized either to
get more light for the same money or to get the same
amount for less money. The American public has
chosen to get more light and each advance in lamp
quality has resulted in increased intensity of lighting
everywhere.

It is estimated that over half a billion dollars were
paid in 1922 for electricity used in the United States
for electric lighting. If the present day intensity of
lighting were produced by using the bamboo carbon
lamp of 1880, the cost of lighting in 1922 would have
been increased three and one half billion dollars.
This would have required about fifty -billion additional
tons of coal, about ten per cent of the total coal pro-
duction in the United States, to generate the amount
of light actually used.

INCANDESCENT LAMP LIFE TESTS*
Experience in testing tungsten filament lamps has

shown that the lives of individual lamps vary largely
from the average life, the differences between the long-
est and shortest often exceeding the average life. A
typical survivor curve (Fig. 1) illustrates this point.
A large group of Mazda lamps is represented and the
nature of the curve is in no way unusual. the propor-
tion of early failures and long lived lamps is typical.
Of course, with smaller quantitites of lamps involved,
the curve would be less regular.

100
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560
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40
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FIG. 1-SURVIVORS AMONG MAZDA LAMPS WITH RESPECT
TO HOURS BURNED

To express the reliability of test data in tangible
figures, the performance of several large groups of
lamps was analyzed. The following method was
employed as illustrated in one of the lots under scru-
tiny. The individual life values of 420 lamps of one
size and type, manufactured under the same process
were divided into 210 groups, each comprising two
lamps, the selection being made at random. The mean
life of each group of two lamps was determined and the
per cent variation of each such mean life value from the
average life of the entire 420 lamps (arbitrarily called
"true average life") was computed.

The same batch of 420 life values were then divided
into 140 groups, each comprising three lamps and

*Communicated by Electrical Testing Laboratories.

similar computations were made. The process was
repeated, grouping the same batch of lamps four at a
time, five at a time, six at a time, etc., until there were
but two groups considered, each comprising 210 lamps.

The results of the investigation are shown in Fig. 2.
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FIG. 2-DEVIATIONS OF AVERAGE LIFE OF SMALL GROUPS OF
MAZDA LAMPS FROM "TRUE AVERAGE LIFE"

The maximum variations, positive and negative, have
been plotted and in the same way the average variations
encountered among the various groupings of life
values have been indicated. Slight irregularities in
the test data have been smoothed out for the purpose
of consistency, but the curves represent faithfully
the conditions existing among the lamps represented.
It is evident that if we consider the "true average life"
to be that of 420 lamps, then when only five lamps are
selected at random, the average life of such a group
may vary in the case of a random selection by as much
as 45 per cent and if a number of such five lamp groups
are selected at random, the average variation of the
mean life values of these groups from the "true average
life" is of the order of 18 per cent.

The random method of selection of the life values
constituting the groups above described must be em-
phasized,-it is possible by selecting certain lamps,
say, all of the very shortest life lamps, to pick out five
lamps which might average as much as 90 per cent
less than the true average life.

Facts such as have been disclosed by the foregoing
analysis are given recognition in the preparation of
Standard Specifications for Large Incandescent Lamps
promulgated by the Bureau of Standards (Depart-
ment of Commerce) in Bulletin No. 13-Ninth Edition,
July 30, 1921. On page 15, tolerances are given which
control the acceptance or rejection of incandescent
lamps on the basis of life test results. These do not
agree exactly with the curves shown in Fig. 2, because
the Bureau of Standards' tolerances are influenced
by the inclusion of a minimum tolerance of five per
cent regardless of the number of lamps tested. How-
ever, the Standard Specification tolerances and those
given in Fig. 2 are in accord in principle.



Transatlantic Radio Telephony
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Review of the Subject.-The first transmission of the human
voice across the Atlantic was accomplished by means of radio in
1915. Since that time substantial progress has been made in the
art of radio telephony and in January of this year another important
step was taken in the accomplishment of transoceanic voice com-
munication. At a prearranged time telephonic messages were
received in London from New York clearly and with uniform
intensity over a period of about two hours.

These recent talking tests were part of a series of experiments on
transatlantic telephony which are now under way, the results of

which to date are reported in the paper.
A new method of transmission radiating only a single side-band

is being employed for the first time. As compared with the ordinary
method of transmission, this system possesses the following im-

portant advantages:
The effectiveness of transmission is greatly increased because

all of the energy radiated is effective in conveying the message;
whereas in the ordinary method, most of the energy is not thus ef-

fective.
The stability of transmission is improved.
The frequency band required for transmission is reduced, thus

conserving wave length space in the ether and also simplifying the
transmitting antenna problem.

An important element of the . high -power transmitter is the
water-cooled tubes, by means of which the power of the transmitted
currents is amplified to the order of 100 kilowatts or more. The

LLOYD ESPENSCHIED
Member, A. I. E. E.

' Amer. Tel. and Tel. Co.

direct -current power for these tubes is supplied from a 60 -cycle,

a -c. source through water-cooled rectifier tubes.
A highly selective and stable type of receiving circuit is employed.

Methods and apparattis have been developed for measuring the
strength of the electromagnetic field which is delivered to the receiving
point and for measuring the interference produced by static.

The transmission tests so far have been conducted on a wave
length of 5260 meters (57,000 cycles per second). The results of the
measurements during the first quarter of the year on the transmission
from the United States to England show large diurnal variations
in the strength of the received signal and in the radio noise strength,
as is to be expected, and correspondingly large diurnal variations
in the ratio of the signal to noise strength and in the resulting
reception of spoken words. Also, the measurements, although as
yet incomplete, shop a large seasonal variation.

The character of the diurnal and seasonal variations is clearly
indicated in the figures. The curves present the most accurate and
complete data of this kind yet obtained.
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ON January 15, of this year, a group of about 60
people gathered in London at a prearranged time
and listened to messages spoken by officials of the

American Telephone and Telegraph Company from
their offices at 195 Broadway, New York City. The
transmission was conducted through a period of about
two hours, and during this time the words were received
in London with as much clearness and uniformity as they
would be received over an ordinary wire telephone
circuit. During a part of the time a loud speaker was
used in connection with the receiving set, instead of
head receivers. The reporters present easily made a
transcription of all the remarks, both with the head sets
and with the loud speaker.

These tests were made possible by cooperation
between the engineers of the American Telephone and
Telegraph Company and the Western Electric Com-
pany, and the engineers of the Radio Corporation of
America and its associated companies. The sending
apparatus was installed in the station of the Radio
Corporation of America, at Rocky Point, L. I., in order
to make use of that company's very efficient multiple -
tuned antenna. The receiving apparatus was installed
in the buildings of the Western Electric Company,
Ltd., at New Southgate, England.

Presented at the Annual Convention of the A. I. E. E.,
Swampscott, Mass., June 26-29, 1923.

This was not the first time speech had been trans-
mitted from America to Europe. Transatlantic tele-
phony was first accomplished in 1915, when the Ameri-
can Telephone and Telegraph Company transmitted
from the Navy station at Arlington, Va. to the Eiffel
Tower, Paris. In these earlier tests, however, speech
was received in Paris only at occasional moments when
transmission conditions were exceptionally favorable.
The success of the present tests indicates the large
amount of development which has been carried out
since this first date.

The recent talking tests were carried out as part of an
investigation of transatlantic radio  telephony. This
investigation is directed at determining (1) the effective-
ness of new methods and apparatus which have been
developed for telephonically modulating and trans-
mitting the large amounts of power necessary for trans-
oceanic operation, (2) the efficacy of improved methods
for the reception of .this transmission and for so select-
ing it as to give an extremely sharp differentiation
between the range of frequencies transmitted and all
the frequencies outside of this range; and (3) determin-
ing the transmission characteristics for transatlantic
distances and the variation of the characteristics with
the time of day and the season of the year, including the
measurement of the amount of static interference.

The tests are being continued, particularly as regards
the study of transmission efficiency.

815
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SINGLE SIDE -BAND ELIMINATED CARRIER METHOD OF
TRANSMISSION

The method of transmission used in these experiments
is what we know as the single side -band eliminated
carrier method'. With this method,' the narrowest
possible band of wave lengths in the ether is used, and
all of the energy radiated has maximum effectiveness
in transmitting the message.

As has been pointed out in other papers2, when a
carrier is modulated by telephone waves, the power
given out is distributed over a frequency range, and may
be conveniently considered in three parts: (1) energy at.
the carrier frequency itself, (2) energy distributed in a
frequency band extending from the carrier upward, and
having a width equal to the frequencies appearing in the
telephone waves, and (3) energy in a band extending
from the carrier downward, and having a similar width.
The power at the carrier frequency itself makes up
somewhat more than two-thirds of the total power, even
when modulation is as complete as possible. Further-
more, this energy can, in itself, convey no message, as is
self evident. In the present method, therefore, the
carrier -frequency component is eliminated, by methods
explained in detail below with the result that a large
saving in power is effected. Each of the remaining fre-
quency ranges, generally known as the upper and the
lower side -band respectively, transmits power represent-
ing the complete message. It is therefore unnecessary
to transmit both of these side -bands, so that in the pres-

method one of them is eliminated. In this way the
transmission of the message uses only half the frequency
band required in the usual method of operation. Simi-
larly the frequency -band accepted by the receiving
set is narrowed to conform to a single side -band as com-
pared with the usual double side -band reception, and
as a result the ratio of signal to interference is improved.
Certain other advantages of this method will be brought
out in the further discussion.

While these advantages of the single side -band elimi-
nated carrier method hold good for radio telephone trans-
mission generally, they become of the utmost impor-
tance in transoceanic work, because of the necessity of
conserving power in a system where the transmitting
powers are large, and also because the very limited fre-
quency range available for long distance transmission
makes it imperative that each part of the range shall be
utilized with the greatest of care. Before discussing
the method further, the circuits and apparatus which
are actually used in the tests will be described.

1. For a more complete exposition of this method see U. S.
patent No. 1449382 issued to John R. Carson to whom belongs
the credit for having first suggested it. Also see Carson patents
Nos. 1,343,306 and 1,343,307.

2. "Carrier Current Telephony and Telegraphy" by Colpitts
and Blackwell. JOURNAL A. I. E. E., April, 1921.

"Application to Radio of Wire Transmission Engineering"
by Lloyd Espenschied. Proc. Inst. Radio Engrs., Oct. 1922.

"Relations of Carrier and Side -bands in Radio Transmission"
by R. V. L. Hartley. Proc. Inst. Radio Engrs., Feb. 1923.

THE TRANSMITTING SYSTEM

The transmitting system is shown in simplified circuit
form in Fig. 1. It is illustrated as grouped into three
parts: The low -power modulating and amplifying
stages, shown below in light lines; the high -power
amplifiers, shown in heavy lines above and to the right;
and the rectifier which supplies the power amplifier with
high-tension direct current, shown in the upper left-
hand portion of the diagram.

Referring first to the low -power portion of the system,
it will be seen that the voice currents (from either a
telephone line or a local microphone) are fed into a
balanced type of modulator circuit and are modulated
with a carrier current of a frequency of about 33,000
cycles. The operation of the balanced type of modula-
tor in suppressing the unmodulated carrier component
is explained in the Colpitts and Blackwell carrier cur-
rent paper referred to above. The result of this
modulating action is to produce in the output circuit of
modulator No. 1, modulated current representing the
two side -bands, for example, the upper one extending
from 33,300 to 36,000 cycles and the lower one from
32,700 down to 30,000 cycles. These components are
impressed upon a band filter circuit which selects the
lower side -band to the exclusion of the upper one and
of any remaining part of the carrier, with the result that
only one side -band is impressed upon the input of the
second modulator. This second modulator is provided
with an oscillator which supplies a carrier current of
88,500 cycles. The result of modulation between the
single side -band and this carrier current is to produce a
pair of side -bands which are widely separated in fre-
quency, the upper one, representing the sum of the two
frequencies, extending from 118,500 to 121,200 cycles
and the lower one, representing the difference between
the two frequencies, extending from 58,500 down to
55,800 cycles. In this second stage of modulation there is
a relatively wide separation between the two -side
bands which facilitates the selection at these higher
frequencies of one side -band to the exclusion of the
other. Another important advantage is that it allows
a range of adjustment of the transmitted frequency
without changing filters. This is accomplished by
varying the frequency of the oscillator in the second
step. In the present case, the frequency desired for
transmission is that corresponding to the lower side-
band of the second modulator. The lower side -band
of from 58,500 to 55,800 is therefore selected by means
of the filter indicated. This filter excludes not only the
other side -band but also any small residual of 90,000 -
cycle unmodulated carrier current which may get
through the second modulator circuit if it is imperfectly
balanced.

Having prepared at low power the side -band currents
of desired frequency it is necessary to amplify them to
the required magnitude for application to the trans-
mitting antenna. This amplification is carried out in
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three stages. The first stage increases the power to
about 750 watts, and is shown in Fig. 1 together with
the modulating circuits. This amplifier employes in
its last stage three glass vacuum tubes rated at 250
watts each and operating at 1500 volts.

The output of the 750 watt amplifier is applied to
the input of the larger -power amplifying system begin -

TrIREE - PllASE POWER SUPPLY

200 K W RECTIFIER \,)

T1 V

bined by means of an inter -phase reactor which serves
to smooth out the resultant current and by distributing
the load between tubes of adjacent phases increases the
effective load capacity of the rectifier. The ripple is
further reduced by the filtering retardation coil and
condensers shown.

Reproductions of the apparatus comprising the

*700 R01 SALAIKED 1.1000llATOR not Mita

MULTIPLE ANTEMMA
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FIG. 1-SINGLE SIDE -BAND ELIMINATED CARRIER TRANSMITTER

ning with the 15 kw -amplifier of Fig. 1. This consists
of two water-cooled tubes in parallel, operating at
approximately 10,000 volts. The output of this ampli-
fier is applied by means of a transformer to the input of
the 150 -kw. amplifier which consists of two units of ten
water-cooled tubes each, all operating in parallel at
about 10,000 volts.

The high -voltage, d -c. supply is furnished by a
large vacuum tube rectifier unit rated at 200 kw. It
employes water-cooled tubes similar to those used in

FIG. 2

the power amplifiers except that they are of the two -
electrode type. The rectifier operates from a 60 -cycle,
three-phase supply circuit and utilizes both halves of
each wave. The two sets of rectified waves are corn-

transmitter system as described above are given in
Figs. 2, 3, 4 and 5.

Fig. 2 shows the apparatus comprising the low -
power stage of the transmitting system. The right-
hand rack contains the two weak -power modulating
units and the two single -side -band selecting filters.

FIG. 3

The left hand rack is the 750 -watt amplifier unit. The
three radiation -cooled tubes of 250 watt capacity each
will be seen near the top. Below are the smaller ampli-
fying stages. The power supply board is shown in the
center of the photograph.

Fig. 3 is a side view of the 15 -kw. amplifier unit.
The face of the panel from which the control handles
protrude is on the left. Mounted in the cage behind
the front panel are two water -jackets for accommo-
dating the water-cooled tubes, also a coiled hose for
increasing the electrical resistance of the water supply
circuit (the water-cooled anodes of the tubes being
operated above ground potential).

The final amplifier of 150 kw. capacity is shown in
Fig. 4. It comprises two units each of 75 kw. Each
unit contains 10 water-cooled tubes which can be seen
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SINGLE SIDE -BAND ELIMINATED CARRIER METHOD OF
TRANSMISSION

The method of transmission used in these experiments
is what we know as the single side -band eliminated
carrier method'. With this method,' the narrowest
possible band of wave lengths in the ether is used, and
all of the energy radiated has maximum effectiveness
in transmitting the message.

As has been pointed out in other papers2, when a
carrier is modulated by telephone waves, the power
given out is distributed over a frequency range, and may
be conveniently considered in three parts: (1) energy at
the carrier frequency itself, (2) energy distributed in a
frequency band extending from the carrier upward, and
having a width equal to the frequencies appearing in the
telephone waves, and (3) energy in a band extending
from the carrier downward, and having a similar width.
The power at the carrier frequency itself makes up
somewhat more than two-thirds of the total power, even
when modulation is as complete as possible. Further-
more, this energy can, in itself, convey no message, as is
self evident. In the present method, therefore, the
carrier -frequency component is eliminated, by methods
explained in detail below with the result that a large
saving in power is effected. Each of the remaining fre-
quency ranges, generally known as the upper and the
lower side -band respectively, transmits power represent-
ing the complete message. It is therefore unnecessary
to transmit both of these side -bands, so that in the pres-
ent method one of them is eliminated. In this way the
transmission of the message uses only half the frequency
band required in the usual method of operation. Simi-
larly the frequency -band accepted by the receiving
set is narrowed to conform to a single side -band as com-
pared with the usual double side -band reception, and
as a result the ratio of signal to interference is improved.
Certain other advantages of this method will be brought
out in the further discussion.

While these advantages of the single side -band elimi-
nated carrier method hold good for radio telephone trans-
mission generally, they become of the utmost impor-
tance in transoceanic work, because of the necessity of
conserving power in a system where the transmitting
powers are large, and also because the very limited fre-
quency range available for long distance transmission
makes it imperative that each part of the range shall be
utilized with the greatest of care. Before discussing
the method further, the circuits and apparatus which
are actually used in the tests will be described.

1. For a more complete exposition of this method see U. S.
patent No. 1449382 issued to John R. Carson to whom belongs
the credit for having first suggested it. Also see Carson patents
Nos. 1,343,306 and 1,343,307.

2. "Carrier Current Telephony and Telegraphy" by Colpitts
and Blackwell. JOURNAL A. I. E. E., April, 1921.

"Application to Radio of Wire Transmission Engineering"
by Lloyd Espenschied. Proc. Inst. Radio Engrs., Oct. 1922.

"Relations of Carrier and Side -bands in Radio Transmission"
by R. V. L. Hartley. Proc. Inst. Radio Engrs., Feb. 1923.

THE TRANSMITTING SYSTEM

The transmitting system is shown in simplified circuit
form in Fig. 1. It is illustrated as grouped into three
parts: The low -power modulating and amplifying
stages, shown below in light lines; the high -power
amplifiers, shown in heavy lines above and to the right;
and the rectifier which supplies the power amplifier with
high-tension direct current, shown in the upper left-
hand portion of the diagram.

Referring first to the low -power portion of the system,
it will be seen that the voice currents (from either a
telephone line or a local microphone) are fed into a
balanced type of modulator circuit and are modulated
with a carrier current of a frequency of about 33,000
cycles. The operation of the balanced type of modula-
tor in suppressing the unmodulated carrier component
is explained in the Colpitts and Blackwell carrier cur-
rent paper referred to above. The result of this
modulating action is to produce in the output circuit of
modulator No. 1, modulated current representing the
two side -bands, for example, the upper one extending
from 33,300 to 36,000 cycles and the lower one from
32,700 down to 30,000 cycles. These components are
impressed upon a band filter circuit which selects the
lower side -band to the exclusion of the upper one and
of any remaining part of the carrier, with the result that
only one side -band is impressed upon the input of the
second modulator. This second modulator is provided
with an oscillator which supplies a carrier current of
88,500 cycles. The result of modulation between the
single side -band and this carrier current is to produce a
pair of side -bands which are widely separated in fre-
quency, the upper one, representing the sum of the two
frequencies, extending from 118,500 to 121,200 cycles
and the lower one, representing the difference between
the two frequencies, extending from 58,500 down to
55,800 cycles. In this second stage of modulation there is
a relatively wide separation between the two -side
bands which facilitates the selection at these higher
frequencies of one side -band to the exclusion of the
other. Another important advantage is that it allows
a range of adjustment of the transmitted frequency
without changing filters. This is accomplished by
varying the frequency of the oscillator in the second
step. In the present case, the frequency desired for
transmission is that corresponding to the lower side -
band of the second modulator. The lower side -band
of from 58,500 to 55,800 is therefore selected by means
of the filter indicated. This filter excludes not only the
other side -band but also any small residual of 90,000 -
cycle unmodulated carrier current which may get
through the second modulator circuit if it is imperfectly
balanced.

Having prepared at low power the side -band currents
of desired frequency it is necessary to amplify them to
the required magnitude for application to the trans-
mitting antenna. This amplification is carried out in
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three stages. The first stage increases the power to
about 750 watts, and is shown in Fig. 1 together with
the modulating circuits. This amplifier employes in
its last stage three glass vacuum tubes rated at 250
watts each and operating at 1500 volts.

The output of the 750 watt amplifier is applied to
the input of the larger -power amplifying system begin-

°X

THREE-PnASE POWER SUPPLY

0000

bined by means of an inter -phase reactor which serves
to smooth out the resultant current and by distributing
the load between tubes of adjacent phases increases the
effective load capacity of the rectifier. The ripple is
further reduced by the filtering retardation coil and
condensers shown.

Reproductions of the apparatus comprising the

200 K W RECTIFIER

MULTIPLE ANTENNA

1Y
10 N W ArIPLIFICR 100rO W AMPLIFIER

r TCR

1 L

',OCR

NTERPriASC
REACTOR

FIG. 1-SINGLE SIDE -BAND ELIMINATED CARRIER TRANSMITTER

ning with the 15 kw -amplifier of Fig. 1. This consists
of two water-cooled tubes in parallel, operating at
approximately 10,000 volts. The output of this ampli-
fier is applied by means of a transformer to the input of
the 150 -kw. amplifier which consists of two units of ten
water-cooled tubes each, all operating in parallel at
about 10,000 volts.

The high -voltage, d -c. supply is furnished by a
large vacuum tube rectifier unit rated at 200 kw. It
employes water-cooled tubes similar to those used in

Flo. 2

the power amplifiers except that they are of the two-
electrode type. The rectifier operates from a 60 -cycle,
three-phase supply circuit and utilizes both halves of
each wave. The two sets of rectified waves are com-

transmitter system as described above are given in
Figs. 2, 3, 4 and 5.

Fig. 2 shows the apparatus comprising the low -
power stage of the transmitting system. The right-
hand rack contains the two weak -power modulating
units and the two single -side -band selecting filters.

FIG. 3

The left hand rack is the 750 -watt amplifier unit. The
three radiation -cooled tubes of 250 watt capacity each
will be seen near the top. Below are the smaller ampli-
fying stages. The power supply board is shown in the
center of the photograph.

Fig. 3 is a side view of the 15 -kw. amplifier unit.
The face of the panel from which the control handles
protrude is on the left. Mounted in the cage behind
the front panel are two water -jackets for accommo-
dating the water-cooled tubes, also a coiled hose for
increasing the electrical resistance of the water supply
circuit (the water-cooled anodes of the tubes being
operated above ground potential).

The final amplifier of 150 kw. capacity is shown in
Fig. 4. It comprises two units each of 75 kw. Each
unit contains 10 water-cooled tubes which can be seen
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mounted in their water jackets. To the right of these
units is located the 200 -kw. rectifier unit shown in
Fig. 5. The unit contains actually 12 tubes, there
being two tubes for each of the six half waves. The

Fia. 4

pancake coils on the top of the rack are protective
choke coils to guard the transformer secondary winding
against steep wave fronts in case of tube failure.

From the above description it will be understood that
the transmitting system is one in which the useful

Flo. 5

side -band is first developed by modulation and filtra-
tion at low powers and then its power is built up to a
large value in a succession of powerful amplifiers. It
will be appreciated, therefore, that the large power
amplifiers and in particular the water-cooled tubes
which are their essential elements represent one of the
major problems of the development.

Hicil-POWER TUBES
The development of the high -power tubes is described

quite fully in another papers. The present discussion
is, therefore, limited to a few of the outstanding features.

In the design of high -power tubes for use in this
system the main problem is to insure the ready disposal
of the large amounts of heat generated at the anodes.
For the conditions of use in the present type of system
where the tube is employed as an amplifier, the power
which must be disposed of as heat at the anode is of
the same order of magnitude as the power which the
tube will deliver to the antenna. In ale case of the
present equipment, therefore, the tube must be so
designed as to operate continuously with a heat dissi-
pation at the anode of more than 10 kw. It is obviously
difficult to secure so large a dissipation in a tube en-
closed with glass walls, and a tube was therefore de-
signed in which the anode forms a part of the wall of
the containing vessel and the heat generated in it is
removed by circulating water. The tube used is shown
in Fig. 6. The lower cylindrical portion is the anode
which is drawn from a sheet of copper. The upper

FIG. 6

portion is of glass and serves both to support and insu-
late the grid and filament elements.

The three principal difficulties met in the construction
of these tubes are the making of a vacuum -tight seal
between the copper and the glass, the provision of ade-
quate means for conducting through the glass wall the
large currents necessary to heat the filament, and the
obtaining of the necessary vacuum for high-power
operation.

The first of these problems was solved by the develop-
ment of a new metal to glass seal. In making this seal
the glass and metal parts are brought into contact while
hot, the temperature being high enough for the glass to
wet the metal. The part of the metal in contact with
the glass is made so thin that the stresses which are set
up when the seal cools are not great enough to fracture
the glass or to break it away from the metal at the sur-
face of contact. Seals made in this way are sufficiently
rugged to stand repeated heating and cooling from the
temperature of liquid air to that of molten glass with-
out deterioration.

A seal employing the same principle but differens
in form is also used at the point where the leadt
carrying the filament current pass through the glass
walls of the tube. The lead is made of copper 0.064 in.
in diameter and passes through the center of a copper
disk, 0.010 in. thick, the joint between the lead and the

3. Bell System Technical Journal, July 1922.
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disk being made vacuum-tight by the use of a high -
melting -point solder. The disk Is sealed to the end of
a glass tube which is in turn sealed into the glass wall

of the vacuum tube.
In exhausting the tubes it has been found necessary

to subject all the metal parts to a preliminary heat
treatment in a vacuum furnace during which the great
bulk of the occluded gasses is removed. By this
method the time of exhaust can be considerably re-
duced but the vacuum conditions to be met are so
stringent that the final processes of evacuation must
be carefully controlled and often occupy as much as
twelve hours.

The tubes are operated at a plate voltage of 10,000
volts and are capable of delivering 10 kw. at this voltage
in a suitable oscillatory circuit. For this performance
an average electron current of 1.35 amperes is required.
The total electron current that the filament must be
capable of supplying to insure steady operation is about
6 amperes.

When the tubes are used to amplify modulated
currents with large peak values such as are character-
istic of telephone signals it is essential that themaximum
electron current through the tube shall be several times
the normal operating current and therefore to insure
the necessary high quality of transmission these tubes
are operated for telephone purposes with an average
output of about 5 kw.

THE RECEIVING SYSTEM

In the method of transmission ordinarily employed
in radio telephony by ,which the carrier and both side -
bands are sent out from the transmitting station and
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current of the carrier frequency obtained from a local
source. Thus, in the present experiments, if a current
of the original carrier frequency, 55,500 cycles, is
supplied to the detector it will remodulate or "beat"
with the received side -band of, say 55,800 to 58,500
cycles and a difference -frequency band of 300 to 3000
cycles, i. e., the voice frequency band will result.

The arrangement actually used, however, is not quite
so simple as this. It is shown schematically in Fig. 7.
Reception is carried out in two steps, the received side -
band being stepped down to a lower frequency before
it is detected. The stepping down action is accom-
plished by combining in the first detector the incoming
band of 55,800 to 58,500 cycles with a locally generated
current of about 90,000 cycles. In the output circuit
of the detector the difference -frequency band of 34,200
to 31,500 cycles is selected by a band filter and passed
through amplifiers and thence to the second detector.
This detector is supplied with a carrier of 34,500 cycles
which, upon "beating" with the selected band, gives in
the output of the detector the original voice -frequency

band.
The object of thus stepping down the received fre-

quency is to secure the combination of a high degree of
selectivity with flexibility in tuning. The high selec-
tivity is obtained by the use of a band filter. It is
further improved by applying the filter after the fre-
quency is stepped down rather than before. To
illustrate this improvement assume that there is present
an interfering signal at 60,000 cycles, 1500 cycles off
from the edge of the received telephone band. This
is a frequency difference of about 2% per cent; but after
each of these frequencies is subtracted from 90,000

SCHEMATIC OF SINGLE SIDE BAND RECEIVER
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FIG. 7

received at the distant end, detection is readily ac-
complished merely by permitting all of these components
to pass through the detector tube. The detecting
action whereby the voice -frequency currents are de-
rived, is accomplished by a remodulation of the carrier
with each sideband.

With the present eliminated carrier method of trans-
mission the side -band is unaccompanied by any carrier
with which to remodulate in the receiving detector.
It is necessary, therefore, to supply the detector with
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cycles, the difference of 1500 cycles becomes almost 5
per cent. This enables the filter to effect a sharper
discrimination against the interfering signal. Further-
more, the filter is not required to be of variable fre-
quency as would be the case were it employed directly
at the received frequency since by adjusting the fre-
quency of the beating down oscillator the filter is in
effect readily applied anywhere in a wide range of
received frequencies. The receiving method, therefore,
enables the filter circuit, and indeed also the inter-
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mediate frequency amplifiers, to be designed for maxi-
mum efficiency at fixed frequency values without
sacrificing the frequency flexibility of the receiving set.

A photograph of the receiving set used in the trans-
atlantic measurements i's reproduced in Fig. 8. The
signals are received on a square loop six feet on a side
and wound with 46 turns of stranded wire. The first
box contains the beating oscillator and high -frequency
detector, the second box the filter and amplifying
apparatus for the intermediate frequency and the third
box the final detector and amplifier. The shielded
box at the left of the picture, which is connected to the
loop by means of leads in the copper tube, is the ap-
paratus for introducing the comparison signal of known

FIG. 8

strength into the loop for measuring purposes. This
receiving and measuring set is described more in detail
in a paper by Bown, Englund, and Friis in the Pro-
ceedings of the Institute of Radio Engineers for April
1923.

Although it was this very selective and reliable
method of intermediate -frequency reception which was
used in London, it is quite possible to receive the
single -side -band transmission by means of a regular
heterodyne receiving set. Even a self -regenerative set
will suffice under some conditions. It is necessary, how-
ever, to adjust the frequency of the oscillator very
carefully to that of the transmitting carrier frequency,
otherwise serious distortion of the received speech will
result. Also it is, of course, necessary that the tuning
be not too sharp if ordinary tuned circuits and not
filter circuits are employed. One might expect that
some difficulty would be experienced in maintaining the
frequency at the receiving end in sufficiently close
agreement with the sending frequency. In the tests no
particular difficulty was experienced, the oscillators at
the two ends being so stable that only an occasional
slight readjustment of the receiving oscillator was re-
quired. With the development of more stable oscil-
lators, doubtless, the frequency with which readjust-

ments are required, will be further reduced. If serious
distortion of the received speech is to be avoided the
two frequencies must be within about 50 cycles, an
accuracy of 0.1 per cent at 50,000 cycles.

TRANSMISSION ADVANTAGES OF THE SYSTEM

Since the present experiment represents the first use
of the single -side -band eliminated carrier type of system
some further discussion of the characteristics and
advantages of the system is appropriate.

The importance of the system in conserving fre-
quency range will be appreciated when it is realized
that the total frequency range available for transatlantic
telephony is distinctly limited. Just what the most
suitable range is has not been accurately determined
but it seems limited to below 60,000 cycles (5000 meters)
because of the large attenuation suffered during the
daylight hours by frequencies higher than this. On
the lower end of the frequency scale, transatlantic tele-
graphy at present pretty well preempts frequencies
below 30,000 cycles (10,000 meters). Therefore, for
the present at least transatlantic telephony is limited
to a range of some 30,000 cycles. Now transmission
of speech requires as a minimum for good quality a
single -side -band 3000 cycles wide. Allowing for varia-
tions and clearances between channels it is doubtful
if the channels could be made to average closer than
one every 4000 cycles for single -side -band transmission
and one every 7000 cycles for the ordinary double side-
band transmission. This means that even were the
whole range from 30,000 to 60,000 cycles devoted to
telephony to the exclusion of telegraphy, only about
four channels could be obtained by the older methods
and some seven by the present one.

It is a rather interesting commentary to note that
a somewhat similar situation as to limitation in fre-
quency range exists in the case of carrier -current trans-
mission over wires. The transmission efficiency falls
off with increase in frequency and limits the range of
frequencies which can be economically used, in much
the same way as it is limited in long distance radio
transmission. It is because of this limitation in the
case of wires and the value which attaches to conserving
the frequency range consumed per message that single
side -band transmission was first developed for wire
carrier current systems. Its development in wire
transmission has been of considerable aid in adapting
the method to the present purpose of transatlantic
operation.

The second of the outstanding characteristics of the
present system resides in the large power economy
which it permits. Transatlantic telephony requires
hundreds of kilowatts of high -frequency power. Since
it is difficult and expensive to produce this power it is
important that every effort be made to increase its
efficiency or effectiveness in transmitting the voice.
To illustrate how the present system effects economies
in power, consider the case of a carrier wave completely
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modulated by a single frequency tone. In such a
completely modulated wave, only 1/3 of the total
power contains the message, the remaining 2/3 convey-
ing only the carrier frequency which can as well be
supplied from an oscillator of small power at the
receiving station. It is obvious, therefore, that by
eliminating the carrier only 1/3 as much power need
be used as would be required were all the elements of
the completely modulated wave transmitted. To
realize the maximum advantage of this mode of opera-
tion, the system eliminates the carrier at low power and,
thereby, the high -power apparatus is devoted ex-
clusively to the amplification of the essential part of the
signal.

If, after having suppressed the carrier, both side -

bands were transmitted, their reception would require
perfect synchronism between the carrier resupplied at
the receiving end and that eliminated at the sending
end, a condition which is practically impossible to meet
without transmitting some form of synchronizing
channel, which is, indeed, much the same as trans-
mitting the carrier itself. If the receiving carrier is not
synchronized, the two side bands will interfere with
each other upon being detected. By eliminating one
side -band, this interference is prevented and reception
may be carried on, using a locally supplied frequency
which is only approximately equal to that of the sup-
pressed carrier. The two may differ by as much as 50
cycles before the quality of the received speech is
greatly impaired. The importance to the carrier
suppression method of eliminating one side -band will,
therefore, be appreciated. The present system elim-
inates one side -band while still in the low -power
stage. While it would be possible to do this selecting
after they have both been raised to the full transmitting
power, this would require the use of a filter of high -
power carrying capacity, which would make the filter
very costly and also render the system inflexible to
change of wave length. The present system overcomes
both of these difficulties by filtering out one side -band
at low power levels and by the use of the double modu-
lation method.

Another very important reason for the transmission
of a frequency band as narrow as is possible lies in the
difficulty of constructing an antenna to transmit more or
less uniformly at these long waves a band of frequencies
which is an appreciable fraction of the main carrier
frequencies. For example, in the ordinary method of
transmission an antenna which was intended to trans-
mit a 30,000 -cycle carrier and its two speech side -bands
would need to be designed to transmit all the fre-
quencies from 27,000 cycles to 33,000 cycles, a band
which is equal to 20 per cent of the carrier frequency.
This band is considerably wider than that given by the
resonance curve of a highly efficient long wave antenna.
To accommodate both side -bands would require
flattening out the resonance curve either by damping,
which means sacrifice in power efficiency, or by special

design of the antenna, possibly throwing it into a
series of interacting networks and causing it to become
a rather elaborate wave filter. The importance, from
the antenna standpoint, of narrowing the frequency
band required to be transmitted is, therefore, evident.

It is extremely important that the received signal be
affected as little as possible by changes in the trans-
mission efficiency of the medium. The voice frequency
currents produced at the receiving end, after detection,
are proportional to the product of the carrier wave and
the side -band. If the carrier as well as the side -band is
transmitted through the medium, then a given variation
in the transmission efficiency of the medium will affect
both components and will change the received speech in
proportion to the square of the variation, as compared to
the first power if only the side -band is transmitted and
the carrier is supplied locally. Thus it will be seen that
the omission of the carrier from the sending end and the
resupplying of it from the constant source at the receiv-
ing end gives greater stability of transmission.

Without discussing the system in further detail the
advantages of it may be summarized as follows:

1. It conserves the frequency (wave length) band
required for radio telephony, which is particularly
important at long wave lengths.

2. It conserves power, in that all of the power trans-
mitted is useful signal -producing power. This is par-
ticularly important also in long distance transmission
which requires the use of large powers.

3. The fact that only a single band of frequencies
is transmitted simplifies the antenna problem at long
wave lengths, where the resonance band becomes too
narrow to transmit both side -bands.

4. As compared with a system which eliminates the
carrier but transmits both side -bands the simple side -
band system has the important advantage of not requir-
ing an extreme accuracy of frequency in the carrier
which is resupplied at the receiver. Were both side -
bands transmitted very perfect synchronism would be
required for good quality.

5. It improves the transmission stability of the
radio circuit since variations in the ether attenuation
affect only one (the side -band) of the two components
effective in carrying out the detecting action in the
receiver.

6. The receiving part of the overall system has two
advantages:

a. It need accept only half of the frequency band
which would be required in double side band transmission,
thereby accepting only half of the "static" interfering
energy.

b. By stepping down the frequency of the received
currents and filtering and amplifying at the low -fre-
quency stage a very sharp cutoff is obtained for frequen-
cies outside of the desired band and a very stable and
easily maintained amplifying system is obtained.
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STUDY OF TRANSATI ANTIC TRANSMISS1()N
We come now to a consideration of t he second major

part of the investigation, namely, that haying to do
wit II the transmission of the waves across the Atlantic.
It will be evident, from what has bee said earlier, that
the transmission question is essentially one of how best
to deliver, through the variable conditions of the ether
to the receiving station, speech -carrying waves suffi-
ciently free from interference to be readily interpretable
in the receiving telephone. The transmission efficiency
of the medium varies with time of day and year, and is
different for different wave lengths. The interference
conditions are also influenced by these same factors.

Now we can study this transmission medium in much
the same way we would a physical telephone circuit, by
putting into it, at the sending end, electromagnetic
waves of a known amount of power and measuring the
power delivered at the receiving end. The interference
at the receiving station likewise may be measured and
the ratio of the strength of the signal waves to the
interfering waves may be taken as a measure of freedom
from interference; this in turn being directly related to
the readiness with which the messages are understood.
Accordingly, there has been included as an integral part
of the investigation of transatlantic radio telephony,
the development of suitable methods and apparatus
for measuring the strength of the signal waves and of
the interfering waves, as they arrive at the receiving
station. The apparatus' employed in measuring the
field strength of the received signals has been outlined
above under Receiving System and need not be gone
into further. However, a word of explanation about
the method which is employed in making the measure-
ment may be helpful. It will be recalled that the
specially designed receiving set is provided with a local
source of high frequency from which can be originated
signals of predetermined strength. A measurement
of the field strength of a signal received from the distant
transmitter is made by listening first to the distant
signal and then to the locally produced signal, shifting
back and forth between these signals and adjusting the
strength of the local signal until the two are substan-
tially of the same strength. Then, knowing the power
delivered by the local source, the power received from
the distant station is likewise known. The relation
between the power in the input of the radio receiving
circuit to the field strength required to deliver that
power is known through the geometry of the receiving
antenna (in this case a loop) and, therefore, the measured
power of the signal can be translated directly into
the field strength of the received waves.

The measurement tone signal is transmitted from
the Rocky Point sending station by substituting for
the microphone telephone transmitter a source of weak
alternating current of about 1/100 watt at a frequency

4. It is described in detail in the paper entitled, "Radio
Transmission Measurements" by Bown, Englund, and Friis,
Proc. Institute of Radio Engrs., April 1923.

of apprux iitiz( viy 1500 cycles. This tone 111011111a1 the
radio telephone transmitter in the same way that voice
currents would and is radial en Ilium I lw antenna as a
single -frequency wave of 5261) milers 157,000 cycle.'
per second). It, therefore, constitutes a means of
sending out a single -frequency continuous wave for
measurement purposes. At I he receiving end this
continuous wave is demodulated to the same tone
frequency which it originally had.

For measuring the strength of the received noise,
i. e., the radio frequency currents arising from static or
other station interference, the method is quite similar.
In this case, however, the noise received is so different
from that which can be set up artificially in any simple
manner that no attempt is made to compare it directly
with a local noise standard. Instead the volume of the
interfering noise is expressed in terms of its effect in
interfering with the audibility of a local tone signal by
measuring the local signal which can just be definitely
discerned through it. This is a threshold type of
measurement which is necessarily difficult to carry out
with accuracy. In order to increase the sharpness of
definition of the local signal and to make it correspond
more closely to speech reception the signal tone is
subjected to a continuous frequency fluctuation. The
comparison signal has therefore a warbling tone which
occupies a frequency band not unlike that of the voice.
This method of measuring the interference is discussed
in more detail also in the measurement paper referred
to above.

Procedure in Making Transmission Measurements.
The three quantities which are included in the trans-
mission measurements, namely, the signal strength, the
noise strength, and the percentage of words received
correctly, are observed one after another in what might
be termed a unit test period. Although the duration
of this test period and the order of making the measure-
ments has been changed somewhat during the course
of the experiments, the following program is representa-
tive of the conditions under which the data presented
below were taken.

A 25 -minute test period divided as follows:
5 minutes of tone telegraph identification signals

(for receiving adjustment purposes).
10 minutes of disconnected spoken words.
10 minutes of a succession of five -second tone dashes

separated by five -second intervals, (for measurement
of the received field strength, the intervals between the
dashes being used for throwing on the local receiving
source and adjusting its strength to equal that of the
received signals by alternately listening to one and then
the other).

Immediately following this test period the London
observers measured the noise level.

This unit test period was repeated every hour over a
period which varied from several hours to as long as two
days' duration. Most of the test periods ran for about
28 hours, starting about eleven o'clock Sunday morning
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and continuing until about three o'clock Monday
morning, London time. During this time the telegraph
load through the Rocky Point station of the Radio
Corporation was sufficiently light to enable one of the
two antennas to be devoted to these experiments. The
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measurements were started January 1, 1923 and are
still in progress.

At the present time (April) the results for the first
three months of the tests are available. These results
are not yet sufficiently complete nor do they cover a

TRANSATLANTIC RADIO TRANSMISSION MEASUREMENTS
DIURNAL SIGNAL & NOISE VARIATION

Feb25- Apr.9. 1925.

FIG. 10

sufficient number of variables in terms of time, wave
length, etc., to enable any very definite conclusions to
be drawn from them. They do illustrate, however, the
usefulness of the methods employed, and even in their
incomplete state show some factors of considerable
interest.
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The results of the measurements of received signal.
strength and received noise are given in Figs. 9 and 10.
The data have been divided and plotted in these two
sets of curves because the transmission conditions
across the North Atlantic appeared to suffer a rather
rapid change about February 23rd. Fig. 9 therefore
covers the winter period from January 1 (when the test
started) to February 23; and Fig. 10 covers the next
period from February 25 to April 9.

The curves are plotted between time of day as
abscissas and field strength in microvolts per meter as
ordinates. The time during which darkness prevailed
at Rocky Point and at London is indicated by the
block -fills on the time scales. The overlap of these
block -fills indicates the time during which darkness
extended over the entire transatlantic path. For Fig.
9 the darkness -belt is as of February 1 and for Fig. 10
as of March 21. The curves show the mean of the
results and also the boundaries of the maximum and
minimum values observed.

Received Signal Strength. The outstanding factors
to be noted concerning the signal strength curves are:

1. The diurnal variations are plainly in evidence.
During the first test period covered by Fig. 9, for
example, the field strength varied in the ratio of the
order of 15 to 1 between day and night conditions, run-
ning about 100 microvolts per meter during the night
and averaging about 6 microvolts per meter during the
day. The diurnal variation is also to be seen in Fig.
10 although the variations between night and day
transmission are less marked.

The measured daylight values lend support to the
Austin -Cohen absorption coefficient. The average of
the observed daylight values for the period of these tests
is between 7 and 8 microvolts per meter, while the cal-
culated value is 9.5. Concerning the high field strengths
obtaining at night, it should be noted that the maximum
observed value of 237 microvolts per meter does not
exceed the value of some 340 microvolts which it is
estimated should obtain at London were no absorption
present in the intervening medium, i. e., were the waves
attenuated in accordance with the simple inverse -
with -distance law. While no definite conclusions can
yet be drawn from these results as to the cause of the
diurnal variations, this indication that the upper limit
of the variation is the no -absorption condition suggests
that the diurnal fluctuations are controlled by the
absorption conditions of the medium rather than by
reflection or refraction effects.

2. An indication of the seasonal variation which
apparently occurs in developing from winter to early
spring is found in a comparison of the signal strength
curves of Fig. 9 and 10. On the whole the signal
strength received in the second test period is con-
siderably less than that received for the first period.
This drop in the average of the 24 hours is caused by a
large decrease in the night-time transmission efficiency.
The daylight transmission does not change much, but
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what little change there is lies in the direction of an
increase as the season advances.

3. A decrease in the transmission efficiency is ob-
served between the time of sundown in London and
sundown in New York, that is, during the period when
the sunset condition intervenes in the transmission path.
This dip is particularly noticeable in the signal strength
curve of Fig. 10. It is not noticeable in Fig. 9, except
for the fact that the rise in signal strength corresponding
to night conditions in London is delayed until the major
part of the transmission path is in darkness.

Strength of Received Noise. The variation in the
strength of received noise is shown by the noise curves
of Figs. 9. and 10.

1. The diurnal variation of that portion of the noise
which is due to atmospheric or "static" disturbances is
somewhat obscured by the presence of artificial noise,
i. e., noise caused by interference from other stations.
The rise in the noise curve at 12 noon is known to be
due to artificial interference. In general, however, the
large noise values shown to prevail throughout the
night in London between about 6 p: m. and 4 a. m. are
known to be due to atmospherics. This diurnal varia-
tion shows up quite prominently in both figures.

The maximum noise is reached at 2 a. m. London
time. Up to this time the night belt extends over
London and a sector of the earth considerably to the
east and including Europe, Africa and Asia. The
noise begins to drop off shortly thereafter and reaches
its minimum at sunrise in London. This could be
accounted for on the assumption that the major source
of the noise lies considerably to the east of London and
that transmission of the stray electric waves to London
is gradually diminished in efficiency as daylight over-
takes the path of transmission.

2. The seasonal variation, as shown by a comparison
of the noise curve of Fig. 9 with that of Fig. 10, is not so
great as is the case with the transmission efficiency of
the signal. However, the noise level is noticeably
higher during the second period of the tests,5 as shown
by the average curve of Fig. 10, particularly during the
night when the maximum noise obtains.

This indicates that the noise is largely of continental
origin lying to the east or south east of London which
is in agreement with rough observations made by means
of a loop and suggests that the employment of direc-
tional antennas would be of considerable advantage.
It is expected to include such antennas in the further

- measurement work.
In connection with these noise curves it should be

noted that what they represent is in reality the strength
of a local warbling tone -signal, expressed in terms of
equivalent field strength in microvolts, which is just
definitely audible through the noise. The actual value
of the noise currents, were they measured by an inte-

5. The results obtained more recently than time has per-
mitted to include in the curves show a continual rise in the level
of the noise during April.

grating device such as a thermocouple, for example,
would be a number of times larger than indicated.

Ratio of Signal to Noise Strength; Words Received.
The noise curve of Fig. 9 and that of Fig. 10 can,
therefore, be read as "The strength of the signal tone
which can just be heard through the noise." It can,
therefore, be directly compared with the signal curve
itself and the difference between the two curves is a
measure of the level of the actual signal strength above
that which would just permit of the signals being heard.
Actually, the difference between the two curves, as
shown in the figures, is proportional to the ratio of the
signal to the noise strength, because the curves are
plotted to a logarithmic scale.

This signal to noise ratio is plotted in Fig. 11 for the
test period which corresponds to Fig. 9, and Fig. 12 for
the test period which corresponds to Fig. 10. These
ratio curves are derived by going back to the original
data and taking the ratio for each unit measurement
period and spotting it upon the chart as shown by the
black points. An average is taken of the points for
each hour of the 24 -hour period as shown by the circle
points. The dash line curves of Figs. 11 and 12, there-
fore, trace the average diurnal variation of signal to
noise ratio.

These curves show:
1. That the signal-to-noise ratio reaches its minimum

during the time when the sunset period intervenes be-
tween London and New York.

2. During the night in London the ratio increases
more or less continuously and reaches a maximum
around the time of sunrise in London.

3. During the course of the daylight period in
London the ratio starts out high and drops rather
rapidly during the forenoon and assumes a more or less
constant intermediate value during the afternoon until
sundown. It is during this afternoon period in London
that the business hours of the day in London and New
York coincide, so that this is the most important
period from a telephone communication standpoint.

The drop in the very low ratios obtaining in London
in the early evening is due to the fact that an increase
in noise occurring at this time is accompanied by a
decrease in transmission efficiency from America.
This may readily be seen by referring to Fig. 10.
The noise increases as the night belt, proceeding west-
ward, envelopes England and improves the transmission
of atmospherics, which arise possibly in continental
Europe, Asia and Africa. As the shadow wall, pro-
ceeding westward, intervenes between England and
America, the transmission efficiency of the desired
signals from America drops and it is not until the night
belt extends as far west as America, that the transmission
efficiency improves sufficiently to overcome the dis-
advantage in London of the large noise values which
night there had brought on. Conversely, the high
signal to noise ratio, obtaining at about sunrise in
London, appears to be due to the fact that as the termi-
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nationlof the night belt, moving westward, intervenes
between England and the source of atmospherics to the
east, the noise level drops rapidly and has reached low
values by the time sunrise arrives in London. At this
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time, however, darkness still extends to the west and
the transmission efficiency from America is at its maxi-
mum. It is, therefore, due to this interplay
these two factors, signal strength and noise strength,
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controlled very largely by the transition periods be-
tween day and night, that the signal to static ratio
varies diurnally in the manner pictured in Figs. 11
and 12.

Concerning seasonal variation, shown by a compari-
son of Figs. 11 and 12, the following can be said : The
diminution in signal-to-noise ratio in the second test
period as compared with the first is caused by the fact
that the signal strength has decreased and at the same
time the noise has somewhat increased. There is just
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one other point and that concerns the dip in the ratio
occurring at night in London between 12 midnight and
3 a. m. This dip is due to an increase in the noise
which occurs around 2 a. m. (A further reduction
during this time, and one which extends the time of
minimum ratio from sundown on through the night
until 2 a. m. is shown by the April measurements which
time has not permitted including in the curves).

During each test period lists of disconnected words
were spoken over the systems. As an approximate and
easily applied method of indicating the talking effi-
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Each circle is average of all tests for that hour including triangular
points. The latter are known to be cases in which low percentage is due to
unnatural causes.

ciency of the circuit, note was made of the percentage
of the words which were correctly received.

The curves of Figs. 13 and 14 show the manner in
which the percentage of the words which were correctly
received varies through the 24 hours. Each point
corresponds to the percentage of words correctly re-
ceived during one unit test period. In many of these
tests the interference was noted to be caused by radio
telegraph stations, and the data in which the inter -
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ference is of this character, in so far as identified, are
indicated by the triangular dots. It will he seen that
most of the poor receptions were due to this cause.
Especially is this true of tests at 12 noon at which
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time severe interference from sources local in London
was experienced. The circle points are the average of
results for each hour's tests. The dash line curve is a
smoothing out curve of these points.

It is interesting to note that these curves of actual
word count conform very well in general shape with
those of Figs. 11 and 12 which also really measure
receptiveness although in a less direct manner. Re-
ception is best during the late night and early morning,
drops off during the day, reaching a minimum during
the evening. Furthermore, the night reception is
shown to be considerably better for the January -
February period than for the February -March period.
The curve of Fig. 14 corresponds quite closely with that
of Fig. 12. The curve 'of Fig. 13 does not show as much
of a peak as does that of Fig. 11 which is, of course, due
to the fact that above a certain ratio the percentage of
words understood is high and cannot rise above 100 per
cent.

CONCLUSION

As has been indicated this is a report of work which
is still in progress. To date:

A new type of radio telephone system affording
important advantages for transatlantic telephony has
been developed and put into successful experimental
operation across the Atlantic.

Sustained one-way telephonic transmission has been
obtained across the Atlantic for the first time by means
of this system.

The advantages of this system which had been anti-
cipated, particularly, in respect to economies of power
and wave lengths, have been realized. Furthermore,
it has been demonstrated that the high-power water-
cooled vacuum tubes which have seen their first pro-
longed operation in this installation are admirably
adapted for use in high -power radio installations and
particularly for use as high -power amplifiers, in the type
of system we have described. Also, the method of
reception has proved itself to be eminently satisfactory
for use with the single side -band type of transmission
and to possess important advantages for radio telephony
in respect to selectivity and amplification.

Methods have been developed for measuring the
strength of the received signals and the strength of the
received interfering noise and these methods have been
successfully applied in the initiation of a study of the
variations to which transatlantic transmission is subject.

The results of the transmission measurements show
that, at 5000 meters, the diurnal variations are large,
as was to be expected, and give evidences of a large
seasonal variation which was, indeed, also to be ex-
pected. The results indicate that it will probably be
desirable to use a wave length longer than 5000 meters.
The measurements are now being made to include the
longer wave lengths.

USE OF KILOCYCLES IN RADIO
The Second National Radio Conference, which met

last March, introduced a method of designating radio
waves which may not be familiar to all those interested
in radio work. This is the use of frequency in kilo-
cycles (abbreviated kc) instead of wave length in
meters. This practise has many advantages, and it is
believed that it will eventually replace the other method
of designation.

The separation of the frequencies of transmitting
stations to prevent interference is an important matter,
and the necessary separation as expressed in frequency
is the same no matter what the frequencies of the two
stations may be, while it is variable and quite mis-
leading when expressed in meters. Thus, the frequency
band existing between 150 to 200 meters (2000 to 1500
kc) is enormously wider than the band from 1000 to
1050 meters (300 to 286 kc). While it is possible to
carry on 50 simultaneous radio telephone communica-
tions between 150 and 200 meters, only one could be
carried on between 1000 and 1050 meters.

It is very simple to obtain the approximate relation
between kilocycles and meters. For example, knowing
the wave length in meters, divide 300,000 by the num-
ber of meters to obtain the frequency in kilocycles, or
knowing the wave length in kilocycles, divide 300,000
by the number of kilocycles which will give the wave
length in meters. A table which may be used .for rapid
and accurate conversion can be obtained from the radio
laboratory of the Bureau of Standards.

REDUCING THE GUESSWORK IN
TUNING

The chief of the radio section of the Bureau of Stand-
ards has published in the July issue of Radio Broad-
cast an article "Reducing the Guesswork in Tuning"
which gives a general statement of the methods em-
ployed in establishing frequency standards and making
them available to the public.

The Second National Radio Conference recom-
mended that radio broadcasting and other transmitting
stations operate accurately on the frequencies to which
they are assigned. The attainment of the necessary
accuracy is made possible by improvements which
have been carried out during recent months at the
Bureau of Standards in its frequency measurements.
Standards of frequency can now be furnished which
permit the setting of transmitting stations on the cor-
rect number of kilocycles. The fundamental frequency
basis has been established by four independent methods
of primary standardization. The frequency standards
are furnished through the transmission of the standard
frequency signals which have been described in the
last two numbers of the Bulletin, in the testing of wave
meters, and in the measurement by the Bureau of
frequency of various transmitting stations, the fre-
quencies of which are known to be kept constant.
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A precise method of calculation is describ d for determining the skin effect in isolated tubular conductors. This

may be used where more accurate results are desired than are given by the curves and approximate methods of calculation

previously published by the writer.
The present calculation requires the use of certain numerical values of Bessel functions, a table for which is given.

Asymptotic series for calculating them are given, which are complete with their general terms.
An example is worked out, and the result checked up with the published curves.

APPROXIMATE methods for calculating skin
effect in isolated tubular conductors, and sets
of curves giving numerical values, have been

published by the writer.' "2. In the present paper,
a method is presented for obtaining precise calculated
values of the skin effect in isolated round tubular
conductors at any frequency.

Some tables of Bessel functions from the reports
of the British Association for the Advancement of
Science, which are useful in this and other calculations,
are printed herewith. (See Table I.)

Series are presented for calculating the values of the
functions for large values of the argument. These
series have the valuable feature that they are com-
plete with their general terms.

Let i be the sinusoidal current density in absamperes
per sq. cm. at a radius of the tubular conductor, Fig.
1, equal to y cm. Then, as derived in the writer's
paper of 1918, reference 1, eq. (29),

d2 i 1 di
± y d y m2 i

(1)

where
4 21 /2 com2 =

p

= permeability of the material of the tube (assumed
= 1 for copper.)

w = 2 r f
f = frequency in cycles per second,
p = specific resistivity of the material of the tube in

absolute units,

= V - 1

Equation (1) is a well-known differential equation
for alternating current in a round conductor.3,4

1. "Skin Effect in Tubular and Flat Conductors," by H. B.
Dwight, TRANSACTIONS A. I. E. E., 1918, page 1379.

2. "Skin Effect and Proximity Effect in Tubular Con-
ductors," by H. B. Dwight, JOURNAL of the A. I. E. E., March,
1922, page 203.

3. See "The Effective Resistance and Inductance of a Con-
centric Main," by Dr. A. Russell, Philosophical Magazine, Vol.
17, 1909, page 524.

4. See "Theory of Alternating Currents," by Dr. A. Russell,
Second Edition, Vol. 1, Chap. 7, pages 205-234.

The solution of this differential equation is given in
Bessel functions as follows:
i = (A + B) (ber m y bei m y)

(C j D) (ker m y kei m y) (2)

where A, B, C and D are undetermined constants.
The quantity (ber m y + j bei m y) is a Bessel

function of the first kind, order zero and argument
(m y - j). The quantity (ker m y + 5 kei m y) is
a Bessel function of the second kind, order zero and
argument (m y - j). Their values can be found
from Table I of this paper or calculated from series
as described later.

Since the tube is isolated, there is no proximity effect
and Bessel functions of higher orders are not involved.'

di
Now when y = q, d y

= 0, from equation (26),

reference 1.
Therefore, (A + j B) (ber' m q j bei' m q)

(C D) (ker' m q j kei' m q) = 0 (3)

since ber' m y - d y
ber m y, etc.

m

(ber' m q j bei' m q)C -F jDThus, A -F jB (ker' m q kei' m q)
(4)

This can be found as a numerical complex quantity
by taking the values of ber' m q, etc., from Table I.

The total current in the tube is

= f 2 ryidy (5)
q

for which integrals given in reference 1, following
equation (34), are required.

Then I - 2m [ (A + 5 B) y (bei' m y

-j ber' m y) (C j D) y (kei' m y
y=r

-iker' my) I

5. See equations (8) and (19), "Wave Propagation
Parallel Wires: The Proximity Effect," by J. R. Carson,
Philosophical Magazine, April, 1921, page 607.
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The quantity in the brackets is equal to 0 when y = q,
as is seen by dividing equation (3) by j.

Therefore, I= 2 r r
[ (A j B) (bei' m r

-j ber' m r) (C D) (kei' m r

-j ker' m r) (6)

Let Z' be the effective impedance per centimeter
of the tube at a certain frequency due to its effective
a -c. resistance R' and its inductance caused by flux
inside the metal. Since this flux does not cause any
drop where y = r, we have
e = Z' = P i(r)

= p [ (A + j B) (ber m r j bei m r)
(C j D) (ker m r j kei m r)1 (7)

The resistance of the tube to direct current is

R p
(r2 - q2)

FIG 1-SECTION OF TUBULAR CONDUCTOR

2 r pThen I R = m (r2 _ q2) [ + j B) (bei' m r

-j ber' m r) (C D) (kei' m r
-jker'mr)]

From (7) and (9),

Z'/R - m r2 r2

[(ber mr +j bei m r) + 3.(C ) (kermr+ kei m(A
1)
B)

(r2 - q2)

(8)

(9)

[ (bee m r j bei' m r) ± ((AC ++33. .DB))(ker' mr + j kei 'm r)1

(10)
Dimensions are in centimeters.

C + j D
The numerical value of A + j B is determined

from equation (4) and Table I, and numerical values
of ber m r, etc., can be taken from Table I. This gives
the ratio Z'/R as a numerical complex quantity. The
real part is equal to R'/R, the skin effect resistance

ratio of the tube. The unreal part gives the change in
inductance of the tube due to frequency.

For large values of m r, the following asymptotic
formula for R'/R, based on series (16) to (19), may be
used for approximate results. See Reference 1, page
1403.

m t (q r) 1 3R'/R
= 2r v1-2. 1 m r 8 m2 r2

0_______
' m8r3 '

where t is the thickness of the tube.
The tables of ber x, bei x and ber' x and the table

of bei' x from x = 0.1 to x = 6.4 were published by
Professor A. G. Webster in the Report of the British
Association for the Advancement of Science, 1912, page
56. The corrected values of bei' x from x = 6 . 5 to
x = 10 were presented in the same publication in 1916,
and the tables of ker x, kei x, ker' x and kei' x, in 1915,
by H. G. Savidge. The writer has corrected the pub-
lished value of bei 8 . 9 which contained a typographical
error.

For small values of x the values in the table may be
calculated by power series in x. See Report of the
British Association for the Advancement of Science,
1916, page 108. Series for the derivatives, ber' x,
etc., can be easily written down by differentiating the
terms of the series for ber x, etc.

For large values of x we have

ex '13J (x j V3). = I n (x V-2). =
2 r x j [ 1

(4 n2 - (4 n2 - 12) (4 n2 - 32)
8 x N//11 12 -

(- 1)s
(4 n2 - 12) (4 n2 - 32) . . . 4 n2 - (2 s - 1)2

(8 x V.i)s is

+.
This is a Bessel function of order n.

Now

and

Put

e':
= cos 7r/4 j sin 7r/4
= 1/-V 2- +5/V2

= e'8
= cos 7r/8 j sin 7r/8

(12)

(13)

(14)
x w-=eJ da -J-8 = cos (x/v'I- 7r/8)

j sin (x/V1- 7r/8)
x

eThen I (x -V j) = 2 r x cos (x/N/ 2 - 218)

(4 n2 - 12)
j sin (x/V 2- 7r/8) [ 1 - 8 xVill
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(4 n2 - 12) (4 n2 - 32)

(8 x -VT212 - + (- 1)s
(4 n2- 12) (4 n2 - 32) . . . f 4 n2 - (2 s - 1)2

(8 x Vj)s Is

+...
By putting n = o,

(x -73) = ber x j bei x
x

-
V 2 ir a

[ cos (x/V 2 - 7r/8) + j sin (x/v/2

12 12 . 32
- 7r/8) ] [ 1 +

8 x V5 11._ + (8x V7)212

12.32. . . (2 s - 1)2
+ . . ± 1 (16)

. J(8 x -V j)s Is +.

Also, ber' x j bei' x =

x

1/2
e

27rT L"s (xl 2

(4 - 12)
+ 7r/8) + 5 sin (x/V 2 + 7r/8) I- 1-Lsx.Vill

(4 - 12) (4 - 32)

(8 x -V3)212 - 
(4 - 12) (4 - 32) . . . { 4 - (2 s - 1)2 }

+ (- 1)c

ker x + j kei x = e '12

(8 x V5)5 Is

+. . (17)

cos (-[

- 7r/8) + j sin (- x//2 - 7r/8) [ 1

12 12 . 32

8x -V) 11 (8 x -V i)212 +
12.32. . . (2 s - 1)2

( 8x -asis
x

ker' x + kei' x = - e cos (-

+ 7r/8) + j sin (- x/V-2- -1- 7r/8) [ 1

(4 - 12) (4 - 12) (4 - 32)
+ 8x v' i1 + (8 x VT2.12 +  "

(4 - 12) (4 - 32) . . . { 4 - (2 s -0)2
(8 x V5)5 i s

+
For obtaining numerical values, put

v.1=
and 1/V7 = 1/V2. - j/V2

(18)

Since the general terms of these series are given, any
desired number of terms can be evaluated. However,
the series are semi -divergent, and there is a limit to the
amount of precision which they will give, though this is
usually appreciable only for the smaller values of x.
It can be proved that the sum of a given number, greater

(15) than n, of terms of the series differs from the true value
of the function by less than the last term included,
and so the series can be used for numerical computation.8

As a check on the work described, the writer has used
formulas (16) to (19) to calculate the values of the
functions tabulated, for x = 10, to six significant
figures, and the results have agreed with the values
in the table.

Other series for large values of x, of which the general
terms were not given, have been published by H. G.
Savidge.7 In his formula for n, the term

21

- 128 -2x3-v

is evidently a typographical error, since it should be
21

128 v2x3
in order to agree with his preceding calculation on
page 108, and also with his previous publication of the
first terms of the same series in 1910.8

Example. Find the skin effect resistance ratio of a
tube in which t/d = 0.20 and m t = 3, t being equal to
(r - q), the thickness of the tube in centimeters, and
d being equal to 2 r, the outside diameter of the tube.

From

r - q
= 0.2

2 r

r - q = 0.4 r
q = 0.6r
m (r - q) =3
Mr = 3/0.4 = 7.5
m q = 4.5

equation (4) and Table I,
C + D
A ± j B

ber' 4.5 +5 bei' 4.5
ker' 4.5 + j km' 4.5
3 . 753681 + 5 2 . 052635

0.02481454 + 5 0.00771543
= 161.387 + 5 32.5401

From equation (10),
Z'/R = j 3.75 X 0.64

(5.454962 -j 29.115712 + 0.258938 +5 0.264977)
(24.130125 -j 14.735602 - 0.012244 -j 0.388061)

= j 3.75 X 0.64 (574.136 -j 609.403)
810.397

= 1 . 80475 + 5 1 . 70031
Therefore, R'/R = 1.80475

6. Advanced Calculus," by E. B. Wilson, page 398.

7. Report of the British Association for the Advancement of
Science, 1916, page 109.

8. Philosophical Magazine, Vol. 19, 1910, page 52.
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This is seen at once to check with the curve for
t/d = 0.20, reading at m t = 3, in Fig. 3, TRANS-
ACTIONS A. I. E. E., 1918, page 1384, (reference 1).

To check the result with Fig. 1, JOURNAL of the A. I.

E. E., March 1922, page 204, (reference 2), we have

fiRac (in ohms per 1000 ft.)

r (r2 - q2) f X 109 X 0.3937

and

12000

m2 t2 =
8 7r2f (r - q)2

p

where the dimensions are in centimeters and p is in
absolute units.

Therefore,
9 x 109 x 0.3937 X 4

8 r X 12000
= 216 . 8

The value of R'/Rdc read from the curve is seen to be
1.805.

TO IMPROVE LIGHTING OF
POSTOFFICES

A recent issue of the Electrical World gives an in-
teresting account of an investigation of lighting con-
ditions in postoffices which has been conducted by
the Office of Industrial Hygiene and Sanitation of the
United States Health Service at the special request
of Postmaster -General Work. A report of this survey
has been submitted recommending the establishment
of a standard system of lighting in all postoffices which
would provide a level of 10 foot-candles. The report
maintains that millions of dollars will be saved through
increased speed in the work of postal employes provided
that a complete change is effected in the illumination
of workrooms of apostoffices throughout the country.

Virtually all the work performed in postoffices with
the exception of that of laborers depends primarily
upon the use of the eyes, making the question of
illumination of paramount importance in decreasing
or increasing its rapidity and accuracy. Conducting
a. thorough and technical study of lighting over a long
period of time at two representative postoffices, one
modern and the other of the old type, the experts
observed almost five thousand postal workers employed
constantly in handling the mails both under artificial
and natural light.

They found that illumination in many postoffices
was low in intensity and unsatisfactory in quality.
In some instances it fell below the requirements pro-
vided by the state code of laws and below the artificial
light furnished employes in private industries doing
similar work. A study of the relationship between
the volume of the illumination and the strain on the eyes
of workers revealed the fact that there were more eye
defects among employes working under the average
illumination of 2 to 3 foot-candles in the old postoffice
than under the 3 to 4 foot-candles in the new postoffice.
Sorting and separating mail in the basements of

postoffice buildings was especially discountenanced
except in extreme emergencies.

In the speed and accuracy tests it was found that for
the letter separators there was an average increase in
speed, or decrease in the times of separation, of at
least 4.4 per cent when the illumination was raised
from 3.6 to 8 foot-candles. Assuming that the same
relative increase of speed would prevail in all the
divisions of the postoffice where these tests were made
under the same relative increase in illumination, an
annual net saving, after deducting increased cost for
lamps and energy, of about $109,000 was indicated
in this postoffice alone.

The investigators recommended that there should
be installed in the general workrooms and office systems
of totally inclosing units of the diffusing or light -
directing type, giving a general intensity when first
installed of 10 foot-candles everywhere on a horizontal
working plane 45 inches above the floor. It was
further recommended that all local lighting should
be done away with.

It was recommended that lighting units installed in
the general workrooms of the postoffice should have
a surface brightness not exceeding 2.5 candle power
per square inch when used with a light source emitting
3100 lumens and that the surface brightness of the
units for the offices of the postoffice should not exceed
2 candle power per square inch when used with the
same sized light source.

The report indicates that units for general work-
rooms and offices should be such in number and so
spaced that the brightness of the units measured in
lumens per square foot would not be more than one
hundred times as great as the intensity of the illumina-
tion, measured in foot-candles, produced by them on
a horizontal plane 45 inches above the floor.

Recommendations on the care of the lighting system
and a disquisition on modern methods of illumination
are included in the report.

CRYSTALLINE FORM OF ELECTRO-
DEPOSITED METALS

A paper entitled "Notes on the Crystalline Form of
Electrodeposited Metals" has been prepared by
members of the Bureau's staff for presentation at the
Fall meeting of the American Electrochemical Society.
The purpose of this paper is to present a simple theory
on the mechanism of electrodeposition and a classi-
fication of structures which the Bureau believes will
be helpful in further studies in this field.

The paper is of special interest in emphasizing the
large amount of work still to be done upon the fun-
damental principles of electrodeposition and the
need of applying all possible methods of attack,
including the study of microstructure and x-ray
analysis. It is hoped that during the next few years
there will be an opportunity for more extensive study
of these fundamental principles.
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Review of the Subject.-- The mechanical stress in the sup-
porting members of any structure or apparatus under steady state
is determined by the dimensions of the member and the magnitude
of the resultant applied force. Under accelerated motion, however,
an additional factor enters, namely, the reaction of the mass; and
if the supporting members in this case are resilient, that is, spring-
like, then this becomes still another factor which enters the problem
of determining the mechanical stress produced by a given impressed
force.

The determination of the stress in the holding device (bolts, etc.)
of reactors under short-circuit condition is just such a problem.

nd F. I I. It I li:BSTEA I)
A,a.t. kill', A. I. I.:. It..

11.1r, tilt Colopaoy

If any motion whatever is permitted under this condition, the fac-
tors of 'MUNN and resilience are active.

This paper gives a Om crt twat unalysis of the problem, and shows
that if any motion ix permit!, tl, thus allowing the factors of muss and
resilience to become active, then the maximum stress may be signifi-
cantly increased above that fur no motion. Illustrative calcu-
lations show that this increase in practical cases may be of the order
of 25 per cent. On the other hand, if motion of the reactors is
prevented by sufficient boll I( usiore, or otherwise, then the
maximum stress in the holding device obviously need be only us great
as that corresponding to the maxi mum instantaneous peak of the
electromagnetic force.

ANUMBER of papers' has appeared in which the
problem of the electromagnetic force between
electric conductors or between coils, has been

analyzed. The stresses, however, which such forces
create in the members on which they act, are not deter-
mined merely by the value of the electromagnetic force
and the dimensions of the members, as would be the
case with a steady applied force, but also depend in a
large measure upon other factors. Hence the analysis
of such stresses is a separate problem in which the
electromagnetic force is only one of a number of
factors.

SCOPE

The present paper investigates, in a theoretical way,
the character of the force which is required to hold the
reactor as a whole, against short-circuit forces. Unlike
the problems covered by the foregoing papers, which
were concerned with the character of the electro-
magnetic force itself, the present investigation assumes
that this force is given, and inquires into the nature
of the stresses it produces in the holding device, such
as bolts, etc. In other words, the problem is of a purely
mechanical. nature.

As such, it is the same, in fundamental respects, as a
number of other problems in engineering which involve
the factors of mass, resilience and a periodic impressed
force.

For instance: Fly wheels for synchronous machines
mechanically connected to reciprocating apparatus2;
torsional strain of a turbo -generator shaft during
generator short circuits; the behavior of bus bars

1. Some of which are listed in the bibliography.
2. "Design of Fly Wheels for Reciprocating Machinery

Connected to Synchronous Generators or Motors," by R. E.
Doherty and R. F. Franklin, A. S. M. E. Transactions, 1920,
V. 42, pp. 523-567.

3. "Mechanical Effects of Electrical Short Circuits," by
S. H. Weaver, G. E. Review, November11915, V. 18, pp. 1066-
1074.

Presented at the Spring Convention of the A. I. E. E.,
Pittsburgh Pa., April 24-26, 1923.

carrying short-circuit current4; the behavior of certain
types of engine governors, etc. This class of phenomena
is best illustrated by the simple case of the behavior
of a weight, suspended by a spring, and acted upon by
an alternating -current electromagnet.

Mathematically, the problem is identical with a much
wider range of phenomena; that is, in addition to the
above cases it involves the same form of differential
equations as a number of familiar problems in electrical
engineering. For instance: The electric circuit con-
taining resistance, inductance and capacity in series";
the series circuit involving an exciter and alternator
field.'

The present investigation, therefore, does not deal
with a new phenomenon; it merely starts with certain
assumptions, which appear reasonable, and which writ-
ten.down mathematically, give a well known differential
equation, and then applies the solution to the physical
conditions of the problem. This makes it possible,
within specified limits, to answer a number of questions
regarding the character of the force on the holding
device.

In a later paper the authors expect to present some
experimental data regarding these forces.

EQUATIONS

The equations are set up under the following as-
sumptions:

Supporting floors rigid.
Single-phase short circuit.
Current wave completely off -set.
No transients; that is, damping neglected.
Reactor unit, including concrete, etc. rigid body.
Initial tension on holding bolts same on all bolts.
4. "Uber die Mechanischen Wirkungen des Plotzlichen

Kurzschluss-stromes von Synchronmaschinen" by J. Biermanns,
Archiv fur Electrotecknik, IX, 1920, pp. 326-340.

5. Second order, linear.
6. "Theory and Calculation of Transient Electric Phenomena

and Oscillations," by C. P. Steinmetz, 3rd Ed., p. 48.
7. "Exciter Instability," by R. E. Doherty, JOURNAL

A. I. E. E., Oct. 1922, pp. 731-744.
832
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Reactors connected to give attraction.
Center lines of coils coincide, as in Fig. 1.
Displacement x sufficient to permit free movement of

the reactor B, that is, no interference by support-
ing floor.

Magnetic force proportional to square of the current,
other factors being constant.

Let
M = mass of reactor
i = current in reactor coils (amperes)
x = displacement of reactor B above floor (feet)

= force due to bolts (lb.)
fc = force due to currents (lb.)
W = weight of reactor = q M (lb.)
g = gravity = 32.2 feet/sec.2
k = lb. force required to elongate bolts one foot
Jo = total force due to initial tension in bolts at x = 0
e = modulus of elasticity of bolt material = 30 x 106

for steel
a = total cross section of bolts in sq. inches
1 = free length (inches) of bolts under tension
t = time in seconds.

The sum of all forces acting on the mass must equal
zero. That is,

E forces = 0 (1)

d2 x
Thus fc-M dt2 ±fs-W= (2)

But fa = - (f.+ k x) (3)

Where k = 12 e a/1 (3a)

d2 x
Therefore f, -Mdt2 -f°- k x - W = 0

d2 x W)
or

d t2
k = f,IM -

(4)

The force f, is proportional to the square of the cur-
rent. Thus, lets

fc = K i2 (5)

The current i is of the form,

i = /0 (1 - cos w t) (6)

2 f +W
- 0.25 cos 2 co t) -I- 1 . 5

K /0

K to
Let M

= D (8)

k/M = a2 (9)

and 1 . 5 D f°
MW = E (10)

Then the differential equation becomes,

d°

d t2

x + a2x =-2Dcoswt+0.5Dcos2wt+E
(11)

The solution of this equation will be in four parts
as follows:

X = X1 + X2 + X3 ±

where, x1 is given by the complementary function

dd

t22

x1  a2 xi = 0

x2 is given by the particular solution,

d2 X2  a2 x2 = - 2 D cos w t
d t2

x3, by the particular solution,

d2 x3  a2 x3 = 0.5 D cos 2 wt
d t2

and x4, by

d2 x4 co x4 = E
d t2

4_

Solution of (13) is

x1 = Ci cos a t C2 sin a t

Solution of (14) and (15) is obtained by temporarily
using vectors and substituting

d

dt x=" =i wx
d2

d t2x = p2 x = - w2 x

since a cosine function only is involved. Thus, in (14)

as shown in Fig. 2.
where I, = maximum value of a. c. component of the and

current i
= 2 7r f or

f = electrical frequency.
Substituting (6) in (5). and similarly

w2 a2) = 2 D

2D
DC2 = w2 a2

2 D cos wtx2= co2 a2

0 . 5 D cos 2 wt
x3 = 4 w2 a2

= K 102 (1.5 - 2 cos w t + 0.5 cos 2 w t) (7) Solution of (16) is x4 = E/a2
Substituting this in (4), Therefore by (12)

d2

x + k x/M = - 2 °2 (cos CO t
t2

K 1 x = Ci cos a t ± C2 sin a t

8. The assumption is made that no deflection will bo large 0 . 5 D cos 2 co t
enough to alter the value of K, that is, K = constant. 4 co2 - a2

2 D cos wt
w2 a2

(18)

(19)

(20)

(21)

+ E/a2 (22)
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Thus the solution involves two constants, C, and C.:,
which must be determined by the boundary conditions,

dx
such as the value of x and of

t
--- - at some particular

value of t. In other words, with the constant value of
displacement represented by the last term of (22) and
with the definite functions of time represented by the
3rd and 4th terms, the constants C1 and C2 must be of
such values that the sum of all terms must give the
known boundary conditions. Or further, for instance,
if x = 0 at t = 0, then the sum of the first two terms
must be equal to minus the sum of the last three terms.
It follows that if the boundary conditions happen to
be such that they are given by the last three terms then
C1 and C2 must be zero-that is, there would be no
oscillation at the natural frequency

an = 2r
as discussed later.

To illustrate the application of equation (22) the
following Cases will be considered.

Spring, representing
Elastic BoltsL _ _

FIG. 1

-- Supporting
Floor

__Supporting
Floor

Case 1. Physical location of reactors as shown in
Fig. 1. Hypothetical case in which the interference
of the floor to the free movement of the reactor is
neglected.

Case 2. Same as Case 1 except that the effect of the
floor is considered.

Case 3. Same as Case 1 except that the frequency
of the electrical force is doubled.

Case 4. Same as Case 2 except that the frequency
of the electrical force is doubled.

Case 5. Reactors rigidly fastened to I -beams in-
stead of being bolted to a rigid floor as in the foregoing
Cases.

DATA

The following data are used in all Cases excepting
Case 5;

W = 1000 lb.
M = W /g = 1000/32.2 = 31

Average value of magnetic force is
1.5 K I = 10 x W 10,000 lb.

Thus, the peak value of the magnetic force, by equa-
tion 7,

= 4 K I c," = 26,640 lb.
and,

IC K 10/1 . 5 = 6.66M
K I '

m° = 6 66 g = 214

Four steel bolts, each one square inch in cross-section
and 10 inches free length

e = 30 x 106 lb. /sq. in. for steel

Thus, by (3a)
k = 144 x 106 lb. /ft. elongation of bolts.

By (25)

144 x 106a = = 2160 2260 rad./sec.2
1

2260n = = 360 cycles/sec.

The above data may not be representative but they
will serve for illustration of. the application of the
equations.

CASE 1

The physical relation of the reactors is shown in Fig.
1. The integration, constants C1 and C2 are determined
under the following hypothetical assumption: At t
= 0, that is, at the moment the short circuit occurs,
a shim between the reactor and the floor is suddenly
withdrawn, thus permitting free motion of the reactor
under the influence of all the forces assumed in the
equation. This, of course, is far from a practical case,
but it is of interest, and perhaps may be of importance
to some readers, in helping to form an idea of the general
character of the phenomenon, and in leading up to the
second case, in which the effect of the floor is taken into
account.

The integration constants are determined, therefore,
from the boundary conditions that at

t = 0, x = 0 and

Thus, from (22)

C1 + 2D
w2 a2

and

C2a = 0
Therefore

2D
(02 a2

C2 = 0

dx
=

d t
0

0.5 D E / a' = 04 w2 - a2

0 . 5 D
E/a24 w2 - a2 (23)

9. In order to have n = 3f, thus facilitating computations.
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Substituting in (22)

x= 02 Dal 0.5
- a2+

4 0)2
E/a2] cos a t_

+ 2 Dal
CO

., cos co t ,
q

0 .25 D2 cos 2 w t + E /a2
co2 -0/

(24)

The angular velocity of the natural oscillations is,
by (9) and (24)

a = lc/ M = 2 7r n (25)

where n = oscillations per second
Also co = 2 r f

Substituting these relations and also (8) (9) and (10)
in (24), the final equation for x becomes,

K 102 1 0.0625
x= [ 2 1 - (n/f)2 2fn

1.5 K /02 - (f W) cos a t

K102 cos co t 0.0625 cos 2 co t
1 - (0)2 )2

1.5 K 102 - (f. + W) (26)
k

Equation (26) is made up of two parts:
xa = complex oscillation, given by the trigono-

metric terms, the average of which, over
complete cycles, is zero.

and xb = a constant deflection, determined by the
difference between a constant force'° 1.5
K 102 and the sum of the weight W and
initial bolt tension f 0.

The magnitudes of the different components of the
complex oscillation are dependent upon the ratio of the
frequency n of natural oscillations to the frequency f
of the electrical system, and the second harmonic 2 f.

2

Eli /0 1,,$)t,t
mammilm numammommommma
immummwmommimmammwommumummimmw
MUMMOIMMEIMEMMEMVAMMOVIIMEMUMWMMUM
MHEMMEMORMEMMEMMEMEMMIUMEMUROMM
mrsuninemirmunernring
MEMEMMEMMKOMMAMMOIMMEKOMEMAMMEMRimmommimmimmommimmommwmmomm
WAIIMMEMMEMMIUMMEMINIMMIMMUMMEMMU
FMEMOMMEMMIVIVEMEMMUMMEMMIMMIONMEM

I

The constant component xb of the total deflection x
is obviously

1.5 K 102 - Cf.+ W)
xb

k
(27)

10. It is interesting to consider the value of current i, on
which this force depends. By equation (5), force is

Kit
But here i12 = 1.5 /02, that is ii = -N/ 1.5 ./o. This is the root -
mean -square of the total current during the first cycle. That
is, the steady, or average, deflection is determined by the root -
mean -square current.
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This will evidently be zero when
+ W = 1 5 Mb'

or, when
= 1.5 K 12 -W (28)

That is, xb will be zero if the initial bolt tension fo is

the difference between the magnetic force 1.5 K Io2

and the weight W.
Assuming the condition given by (28), then equation

(26) becomes
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9000 cn

6120 S
3240 2
360

2520

5400

-8280

FIG. 3-CASE I. HYPOTHETICAL CASE. ASSUMES OSCILLATION

ABOUT FLOOR LINE AS AVERAGE POSITION

x - 10-4 (0.5 cos 2260 1 - 85.5 cos 377k + 24 cos 754 0
4 k !,  26,640 lb. a 1st term. b = 2nd,term, c 3rd:term

,c1 -b c, ..a+b+c

x = 2 I° )
K 2 1

M (.02 1. 1 - (n f)2

0 .0625 }cos a t
21-( 2f

cos w 0.0625 cos 2 w t 29
1- (n1)2 12

( )

2f
The electrical frequency is taken as 60 cycles. Thus,

w = 2 r f = 377 rad./sec.
Other data are given under "DATA" above.

Thus

and

n/f = 6.0

2nf
3.0

These values substituted in (29) give,
6660 1

31 x 3772 L { 1- (360/60)2x = 2

0.0625 cos 2260 t
1- (360/120)2

cos co t 0.0625 cos 2 w t
1- (360/60)2 1- (360/120)2 J

Thus x = (61.5 cos 2260 t - 85.5 cos 377 t
+ 24 cos 754 t) 10-6

This is plotted as Case 1 in Fig. 3.
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It will be noted that the maximum force on the bolts
is 33,480 lb., whereas the maximum magnetic force is
26,640. That is, permitting free motion increases the
stress on the bolts in this particular case. It must be
remembered that curve x is the displacement under the
hypothetical assumption that the average force is just
balanced by the weight and initial bolt tension, and
that the floor does not interfere with the free movement
of the reactor. It will be observed that the amplitude
of a is just equal, and opposite, to d at t = zero. If
the initial conditions had been that at t = 0, x = - 61.5
millionths of a foot instead of zero, and that

dx
d t = 0, as before,

then, obviously there would have been no term of 360
cycles. The curve for x would merely be d under those
conditions.

CASE 2

How does the floor modify the situation? Obviously
ifs (fo W) is greater than the maximum instantaneous
value of magnetic force, there can be no motion of the
reactor. If it is less, the floor prevents movement until
the instantaneous value of the magnetic force becomes
greater than the sum

fo W
Thus to get the actual movement of the
reactor, new integration constants, C1 and
C2, must be determined for the following
known conditions;

= + W
x=0

dx
dt

I-0

X

100

80

60

< 40
0) 20

zI- 0

-20

2 40
60

80

cos 618° 0.208
cos 103° = - 0.225
sin 103° = + 0.974
cos 206° = - 0.899
sin 206° = - 0.438

x = 0 = - 0.208 C1 - 0.978 C2 - 85.5 (- 0.225)
+ 24.0

d xand -dT
(-
=

0.899)

0 = -
= - 0.208 C, - 0.978 C2- 2.32

2260 C, ( - 0.978)

+ 2260 C2(- 0.208) + 32200 (0.974)
- 18100 (- 0.438) = 2210 C, - 470 C2 39280

Solving these equations simultaneously,
C, = - 17.5
C2 = 1.3 = negligible

Therefore the new equation for the actual motion of the
reactor is

x = (- 17.5 cos 2260 t - 85.5 cos 377 t
+ 24 cos 754 t) 10-6

This is plotted as Case 2, in Fig. 4. Thus the reactor
would leave the floor at about 0.3 cycle of w t after the
short circuit occurs, reach a maximum displacement of
106 x 10-6 feet, and return to the floor at about 0.7
cycle, thus being clear of the floor for about 0.4 cycle.

n

iii iiii
i

h 1 ri orE. i ,- 4. e . i , : ,, ,": et. / N r,
1,4 '.-1-

/ A /A I V ' A , I\/ % 1 \
\

i 360 y les ._

_...
'd

`..

I
t_e ,...

Since fo +W = 1.5KI2
and fc = K I,,2 (1.5 - 2 cos co t + 0.5 cos 2 wt)

by equation (7)
it follows that

1, = W at wt = 103°
Referring to equation (22) the constant term

E / «2
is zero as in Case 1. The 3rd and 4th terms are natur-
ally also the same. Thus by (22) and (29) and the
given data, the new equation is

x = (CI cos 2260 t C2 sin 2260 t - 85.5 cos 377 t
+ 24 cos 754 1) 10-6

and dx
dt = (- 2260 C1 sin 2260 t

+ 2260 C2 cos 2260 t + 32200 sin 377 t

- 18100 sin 754 010-6
When w t = 103 degrees

a t = 6 X 103 = 618 degrees
2 w t = 206 degrees
sin 618° = - 0.978

24,300
23,400
20,520

17,640 c°

14,7606

11,880O

9000
Li)

6120 2
3240 2
360

-2520

FIG. 4 -CASE 2. REACTOR SUPPORTED BY FLOOR
Curve shows actual motion of reactor, assuming same initial high

tension on bolts as in Case 7.
x = 10-6 ( - 17.5 cos 2260 1 - 85.5 cos 377 l + 24 cos 754 /)
x = d h for values ofd > zero: d = same as in Fig. 2

4 k 12 = 26,640 lb.

It would then remain on the floor, that is, at x = 0,
until the instantaneous value of magnetic force again
equals (fo W), which would obviously occur at about
0.6 cycle after the reactor returned to the floor. There
would therefore be a series of "jumps", one each cycle,
as shown by the heavy curve x Fig. 4. Actually, of
course, these jumps would be of progressively smaller
amplitude, decreasing to zero as the short circuit
transient dies out.

It is interesting to compare the stress thus created
in the bolts with that required, as initial tension, to
prevent any motion.

The force on the bolts at x = 0 is, by (28) and the
data,
fo = 1.5K I2- W = 10 W -W = 9 W = 9000 lb.

By equation (3) the total force on the bolts is
1. = (f, k x)
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k = 144 x 106
x = 106 x 10-6 ft.

Thus
fa = - (9000 + 144 X 106 x 106 X 10-6)

= - 24,300 lb.

That is, the maximum force on the bolts is 24,300 lb.
The peak force is by (7)
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FIG. 5

f, = 4 K Io2
But, in the particular problem, by assumption

K 102 = 6.66 W = 66601b.

Thus
f, = 4 X 6660 = 26,640 lb.
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f = 120 cycles.

Applying equation (29),

x = 2 6660 1

31 x 7542 L l 1- (360/120)2
0.0625 cos 2260 t

1- (360/240)2
( cos co t 0.0625 cos 2 co t

1 - (360/120)2 1 - (360/240)2
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Thus x = (56 . 2 cos 2260 t - 93.7 cos 754 t
+ 37.5 cos 1508 t) 10-6

This is plotted in Fig. 6. It will be observed that the
amplitudes of the different waves are of about the same
magnitude as those in Case 1, but the phase relation of
the different frequencies gives a different shape of
resultant wave x. Thus the maximum value of x is

approximately 170 x 10-6 feet in Case 1, and - 120
x 10-6 in Case 3. These correspond respectively to
33,480 lb. and 8300 lb. on the bolts. In Case 3, if the
positive peak of 106 x 10-6 in Fig. 6 is taken instead
of - 120 x 10-6, the force on the bolts would be
24,300 lb. instead of 8300 lb. Thus the result of

doubling the electrical frequency and keeping all other
factors the same as in Case 1, is a decrease in the peak
force on the bolts from 33,480 lb. to 24,300 lb.

CASE 4

Find the effect of the floor, other conditions being
the same as in Case 3. Following the same procedure
as in Case 2, new integration constants C1 and C2 are

FIG. 6-CASE 3. HYPOTHETICAL CASE SAME CONDITIONS
AS IN CASE 1, EXCEPT THAT THE ELECTRICAL FREQUENCY IS
ASSUMED TO BE DOUBLED

x = 10-6 (56.2 cos 2260 1 - 93.7 cos 7541 + 37.5 cos 1508 1)
a = 1st term, b = 2nd term, c = 3rd term, d c,x=a+b+c

4k 162 = 26,640 lb.

Thus the maximum force on the bolts is slightly
less than the maximum magnetic force.

CASE 3

To study the effect of electrical frequency, assume all
other data as in Case ] except the electrical frequency,
taking the latter as double, that is,

1

Ax,

360 Cycl6

/
oor /-

-.
7,

I

,xi
1 I

32,900
32,040

29,160

26,280 v)

23,400 8

20,520 z

17,640

14,760 ce)

11,880 (8

9000 S
O

r4- - w t 211 - - -
FIG. 7-CASE 4. CURVE SIMILAR TO FIG. 4, CASE 2

All conditions being of the same except the electrical frequency is assumed
to be doubled.

x = 10-6 ( - 24.3 cos 2260 1 - 35.9 sin 2260 1 - 93.7 cos 754 t
+ 37.5 cos 15081)

x=c1-1-h + j for values ofd> zoro. d = same as in Mg. 6
4 k 102 = 26,640 lb.

6120

3240

360

-2520

determined from the conditions that, at

wt
x =0
dx
dt

= 103°

=0
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That is, the reactor begins to leave the floor at the
moment when the magnetic force becomes equal to
(f. W) which occurs at w t = 103°.

The forced oscillations, i. e. thew t and 2 w t terms,
will be the same as in Case 3. Thus:

x = (CI cos 2260 t C2 sin 2260 t - 93.7 cos 754 t
-I- 37.5 cos 1508 t) 10-6 = 0

d x-tand -d = (- 2260 C1 sin 2260 t

+ 2260 C2 cos 2260 t + 70,650 sin 754 t
- 56,600 sin 1508 1) 10-6 = 0

Therefore
CI = - 24 . 3
C2 = - 35 . 9

and x = (- 24.3 cos 2260 t - 35.9 sin 2260 t
- 93.7 cos 754 t + 37.5 cos 1508 t) 10-6

This is plotted in Fig. 7. The maximum deflection
is x = 166 x 10-6 feet, which corresponds to a force
on the bolts of 32,900 lbs. The peak magnetic force
is, as before, 26,640 lb. It is very interesting to com-
pare Cases 1 and 2 with Cases 3 and 4, the conditions
in the latter two cases being the same as in the former
two except that the electrical frequency is doubled.
In Case 2, the effect of interposing the floor was to
decrease the maximum deflection below that in Case 1,
where the reactor was free to oscillate. In Case 4,
however, the effect of the floor is to increase the deflec-
tion above that in Case 3, the reactor was free
to oscillate. Moreover, although the maximum de-
flection in Case 3 (free oscillation) was less than that in
Case 1 (free oscillation), nevertheless it was more in
Case 4 than in Case 2.

CASE 5

Take the case where the reactors are rigidly bolted to
and supported by I -beams, assuming one reactor
mounted vertically above the other. Assume also
that the resilience factor" k is the same as that used in
Case 1, namely,

k = 144 x 106 lb. /ft.
In this case fo is zero. Also at t = 0, the steady

deflection xl is that which is caused by the weight W.
Thus taking upward motion as positive

k xi = -W
and

xl = -W /k
Thus equation (26), modified for these boundary
conditions, becomes

K 10
X m[ 2 -1(n/ f)2

0.0625 1

1 . 5
KkI lcos t

1 2 f
11. Ratio of force exerted on the I-beam support to deflec-

tion it produces.

K+2 Mw
cos (4) t

1 - (n/ f)2
0 0625 cos 2 co t

1

n 12

2f )

1 5 K 102 W+ -
(30)

k

Substituting,
K = 6660 M = 31.0 w = 377 f = 60

n = 360 a = 2260 W = 1000 k = 144 X 106

x = (- 6.48 cos 2260 t - 86.45 cos 377 t
+ 23.6 cos 754 t + 62.4) 10-6

This is plotted in Fig. 8. The maximum deflection
is 166 . 5 x 10-6 feet, which corresponds to a force on
the I-beam supports of

144 X 106 x 166 . 5 x 10-6 = 24,000 lb.
The peak or maximum magnetic force is, by assump-

tion, 26,640 lb.
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FIG. 8-CASE 5. REACTORS RIGIDLY BOLTED TO I -BEAM
SUPPORTS INSTEAD OF RIGID FLOOR

Center lines of reactors in same vertical line, similar to Fig. 1. Resi-
lience constant of I -Beam support same as for bolts in Case 1 (i. e. k
= 144 X 106)

= 10-6 ( - 6.48 cos 2260 1 - 86.45 cos 377 1 + 23.6 cos 7541
+ 62.4)

1st term, b = 2nd term, c = 3rd term, d = 4th term, e = b
a +b +c + d
26,640 lb.

a =
X =

4 k o2

The foregoing examples cover special cases of single-
phase short circuit, with off -set current wave, and sine
wave a -c. component, and with physical arrangement
as shown in Fig. 1. For the case of reactors placed
side by side, similar equations would apply, the main
difference being that moments, instead of forces, would
be involved provided the reactors were held by holding
bolts in the floor, and no horizontal braces between
them.

The case of three-phase. remains. In this, as in the
foregoing cases, the various factors enter in the same
way, the difference being only in the character of the
magnetic force. But whatever may be its character,
it may be expressed as a function of time, and treated
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as in the case of single-phase. Thus the magnetic
force on one of three reactors would be

f ci = K,2 it i2 + K,3 i, i3
where K,2 and K13 are constants.

The instantaneous values of short-circuit currents
i1, i2 and i3 in the three phases can all be expressed as
functions of time, and these expressions substituted
in the differential equation (4). Thus the problem
involves longer equations with more terms, but they
are of exactly the same character, and solved in the
same way.

(31)

DISCUSSION OF RESULTS

The value of the results from a mathematical treat-
ment of this sort depends upon how sound and compre-
hensive the assumptions are on which the equations
are based. These are given at the beginning of the
paper. The most questionable assumptions perhaps
are that the supporting floors are rigid and that the
entire structure of the reactor unit, is a rigid body.
There will naturally be some slight deformation of the
structure under such great stresses.

In Cases 2 and 4, Figs. 4 and 7 respectively, in which
the reactor is shown to take successive "jumps" from
the floor, the curves show return to the floor without
rebound or bouncing. Such bouncing of course would
actually occur. That is, the curve would be more
accurate if it showed a decaying series of initially small
rebounds, following the return to the floor, as now
shown on the curve.

Damping is neglected. This assumption makes
negligible difference excepting cases of near resonance
as discussed later.

The peak magnetic force depends upon the point of
the voltage wave at which the short circuit occurs. But
the assumption that it occurs at the zero voltage point,
resulting in a completely off -set wave, gives the greatest
possible peak value of magnetic force.

The examples in Cases 2 and 4 assume initial tension
on the holding bolts equal to (1 . 5 K 12 - W). With
zero initial tension, and 1 . 5 K 102 > W, then motion
would obviously be an oscillation above the floor, and
about an average deflection equal to the strain of the
bolts produced by the force,

1 . 5 K 102 -W
It is very important to observe that in the equation

for deflection, for instance equation (26), the motion
x of the reactor is a function of the ratio n/f. Consider
what this means. The factor

2 K1°2M w2

in equation (26) is the amplitude of the oscillation which
would be produced in the mass M by the alternating
force,"

2 K I 2 cos wt
provided the mass were disconnected from resilient
supports-i. e. if, say, it were suspended as a pendulum,

12. This is the fundamental term in equation (7).

2 M 0)2 1- (n/f)2
This will be recognized as the term of fundamental
frequency in equation (26).

Similarly, the second harmonic term in equation
(26) is

839

and this alternating force were applied in -horizontal
line, then

2 K102M w2

would be the amplitude of oscillation in the horizontal'
line.

Now if one end of a resilient, or spring -like, horizontal
support is attached to the macs, and the other end fixed,
and the same alternating force applied, the amplitude
of oscillation will be changed by the factor

1

1- (n/f)2
It would thus be

K 102 cos co t

0 . 5
M (2 co)2

K 12 cos 2 ce t

1 (2
n 2

f
the magnitude of the 2nd harmonic force" being one -
quarter of that of the fundamental.

For illustration consider the fundamental term. If
n/f > /2

then obviously the amplitude of oscillation will be
less than

K 102
M w2

if, however,
n
f < V 2

the amplitude will be greater" than

2
K 02
M 0)2

the values of amplitude for ratios between .\/2 and
zero falling along the characteristic resonance curve,
reaching infinity at ratio equal to unity, then decreasing
again, approaching

2 K 02
M co2

for low values of ratio.
The mass M thus enters in two ways. First as

inertial resistance to motion produced by the impressed
force as shown by the factor

2
K 10
M

and, second, as inertial resistance to motion produced
by the force of the strained resilient support. Its
effect here is accounted for in the factor n; since by
equation (25)

1n=
2

k/M
13. As given by equation (7).
14. If n = 2 f, this would, of course, be resonance for the

2 w t term. These particular numerical values for the funda-
mental- term alone are given merely for illustration of how the
frequency ratio affects an oscillation.
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Thus the deflection is dependent upon the ratio n/ f
as well as the mass M, and it does not necessarily follow
that, with the same impressed force, increasing the
mass will decrease the amplitude, because the change
in the frequency ratio might be such as to increase the
amplitude.

To illustrate: if
n/f < 1.0

increasing the mass will decrease the amplitude,"
whereas if, for instance,

n/f = 2.0
then doubling the mass would obviously decrease the
factor

2
K to
M (42

by 50 per cent, but it would increase the factor
1

1 - (n/f)2
from 0.333 to 1.0. Thus the net result would be an
increase from 1.0 to 1.5, that is, a 50 per cent increase.

However, the full significance of the dependence of
the amplitude upon the frequency ratio is not clear
without consideration of the effect of the transients.
There are two of them, namely, the transient of the
short-circuit current, with consequent decrease in the
magnetic force; and the transient of the free oscillation
due to friction or damping. Both are neglected in the
equations. The justification for this is two -fold:
the natural frequency n as explained later, is usually
enough greater than f to give the peak deflection in the
first cycle of the electrical frequency, as in the Cases
1 to 5 inclusive, in which, neither transient, if they had
been included in the equation, would have changed the
oscillations significantly. Also, even if significant
transients do exist, the calculated result is on the safe
side, giving calculations slightly too high.

As resonance is approached, however, the transients
are very important. For instance, by equation (26)16
it is evident that if n = 0.9 f, the amplitude of the
w t term will be approximately

10
K
M

while that of the 2 w t term will be only
K20.156 M

thus, practically negligible. But while the w t term is
large, so is the a t term equally large and opposite.
Hence, as shown in Fig. 5, the two waves, starting out

15. Because an increase in M decreases both of the factors

02

Al 1 - (n
2 and , the latter being decreased since

1n = -2 K/M.

16. Remembering that the amplitude of the free oscillation
is just equal and opposite to the amplitude of the forced oscilla-
tion at t = zero. And hence if the frequencies are about equal,
it will take considerable time for the two waves to gradually
shift out of phase, thus building up the resultant wave. At
resonance it would theoretically take an infinite time.

in phase opposition, give pra(1 irally zero resultant at
first, which gradually builds up by successive phase
shift due to slightly different frequencies, until ulti-
mately, at 4.5 cycles of n and 5 cycles of f, the waves
add in phase, giving a maximum equal to twice the
amplitude of either wave. Then, for the same reason,
it decreases again.

All this, provided there are no transients. But of
course, there are transients. If the electrical damping
were zero, then the free oscillation alone would die out
due to mechanical damping, leaving only the forced
oscillation, i. e. the w t and 2 w t terms. Thus, as the
former dies out, it leaves the latter, which it initially
opposed and canceled. Hence if the transient of the
free oscillation were rapid enough, the resultant oscilla-
tion would reach a maximum earlier than if that tran-
sient did not exist, but the maximum would be only half
as great-namely, the forced oscillation alone. While
there are very few data on the mechanical damping,
it is probable that both transients-that is, the mechani-
cal transient and the transient of the w t term-are
of about equal duration, say one -quarter second. In
such a case, the maximum deflection would be the
result of a race between the increase in magnitude due
to phase shift of waves of different frequencies, on the
one hand, and to a decrease due to transients, on the
other. It is clear, therefore, that at near resonance
the transient cannot be neglected.

To illustrate in a very rough quantitative way the
effect of transients at near resonance, take Case 5,
I-beam supports, assuming,

n = 0.9 f
f = 60 cycles
neglect 2 w t term
neglect W
duration of transient of w t term same as of mechani-

cal transient = 1/4 second.
transients of form -""

By assumption"

Applying equation (30)

{
10 Kco2+ 1.5 K I o2

} cos a tm
10 K /02
m cos co t + 1.5 K

Since n = 0.9 f
a = 0.9 w = -V k/M

Hence M w2 2 1.25 k

- 8 Kk /02and x -20t

1.5 K 12. cos a t +

7 2 20

8 K cos wt

1.5 K

2
Or x = e-0t K 102k

[ 9.5 cos a t 8 cos co t. 1.51

17. The transient term is assumed to apply to all terms in the
equation. Strictly it applies to the a t and w t terms, and to
only a component of the constant term. But since the latter
is small, the assumption, for purpose of illustration, is justified.
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This is plotted in Fig. 9. The maximum value of
x occurs at about two cycles, and is

x,n = 6 . 5
K1-°

k
This corresponds, by equation (3), to a force on the

support
f, = k x, = 6.5K10

That is, about 60 per cent greater than
4 K 12

which, by equation (7), is the maximum instantaneous
magnetic force neglecting the transient.

If n is large compared to f the shape of the resultant
deflection wave is that produced by the superposition
of a high -frequency wave on one of lower frequency as
shown in Fig. 3. Thus, the high -frequency wave a
superposed on the lower frequency wave d produces the
resultant curve x. If the ratio of the high -frequency
n to the low -frequency f is an integer then the resultant
wave repeats every cycle of the frequency f and there -
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= E-201 k 102/k [ k 9.5 cos a t+ 8 cos w + 1.5 1

a = 1st term, b = 2nd term, c = a + b, d = 3rd term

9 10 11 12

fore the maximum will occur in the first cycle of w t.
If the ratio is not an integer the resultant will not
repeat and will, without transients, require a few cycles
of f for the relative phase of the high -frequency wave
to shift to the right position to give the maximum pos-
sible resultant. However, transients probably reduce
the magnitude more rapidly than the phase shift
builds it up. It thus appears reasonable to assume
in this case also that the maximum occurs in the first
cycle of w t.

From the foregoing discussion of results, it appears
that in cases where n is large compared to f the results
are accurate enough to certainly indicate the general
character of the phenomenon and magnitudes involved,
and probably also close enough for guide in design
calculations. In such cases, neglecting the transients
would not involve serious error. However, it is clear
from the numerical illustration just given, that where
n approaches f, the transients can not be neglected.

That is, the equations do not apply in such cases. But
usually in problems of actual practise n is large compared
with f.

CONCLUSIONS

(1) If the reactor is not held rigidly against all
motion, the maximum force on the holding device
(bolts, etc.) will depend in a decisive way upon the ratio
of the frequency n of natural oscillation, to the electrical
frequency f.

(2) If, however, the reactor is held rigidly, then the
maximum force on the holding device will be independ-
ent of the frequency ratios, and need be only slightly
in excess of the peak magnetic force. Or, conversely,
if the initial tension in the holding device (plus weight
of reactor) is equal to, or slightly greater than, the peak
magnetic force, then no motion of the reactor can take
place. It appears that this condition should always be
sought.

(3) If the reactors is not held rigidly and n is large
compared to f, say

n/f > 3
as is usually the case, then if motion is permitted, the
maximum force on the holding device will occur in the
first cycle of w t, and will usually be as great or greater
than the maximum magnetic force.

(4) If n/f < 3 and the reactor is not held rigidly,
the maximum deflection may or may not occur in the
first cycle of w t. If it does, then the above conclusion
applies. If it does not, then the transient cannot be
neglected, and the equations do not apply. It is
probable however, that in the latter, as in the former
case, the maximum force on the holding device will be
greater, than the maximum instantaneous magnetic
force.

(5) The equations, which are based on definite
assumptions given at the beginning of the paper, and
discussed in foregoing pages, give results which indi-
cate the general character of the phenomenon and
magnitudes involved; and within limits specified,18
could probably be used as a guide in design calculations.

The authors wish to acknowledge the valuable
suggestions of Mr. W. 0. Dwyer and the assistance of
Messrs. D. S. Snell and R. F. Franklin.
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Discussion at Midwinter Convention
APPARENT DIELECTRIC STRENGTH OF CABLES*

(WISEMAN). NEW YORK, N. Y., FEnnunny 14, 1923
John B. Whitehead: If I understand Mr. Wiseman

aright, he has found an agreement between the results of ob-
servation on the dielectric strength of cables and the applica-
tion of certain empirical laws, based on the behavior of gases.
As regards ionization, his suggestion is that it may be possible
to explain the laws of cable failures in terms of ionization of
the dielectric.

It seems to me there are two reasons why we must go slowly
here. The first is that the results of observation on the be-
havior of dielectrics in cables are not consistent. We are not'
yet able to bring the various people working in this field to-
gether, and as we hear succeeding papers, we find differences
in points of view, and differences in results.

The second reason, why we must go slowly, is because there
is no evidence of a free mobility of ions in solid dielectrics,
as recognized by the author. In the case of gases we find con-
sistent laws, and various experimenters agree; we have a satis-
factory explanation in ionization by collision, of the break-
down of gases. But even though we have these empirical laws,
and an elaborate theory explaining the phenomena, we still
are not in a position to say just what is going on in a gas when
it breaks down.

As you know, we have a definite law for stating the critical
gradient at which air breaks down, in terms of the shape of the
dielectric, but that is a far cry from saying what is going on
in the molecule of gas, when it lets go. The law connecting
the diameter of the conductor with the breakdown strength
of air, while simple on paper, nevertheless does not tell us
what is going on in the molecule.

R. W. Atkinson: The author has shown what seems an
interesting mathematical expression for the data of the various
groups analyzed. - However, I do not believe that there is
justification for the physical intrepretation which is made nor
even for the giving of the equation for K on page 166 as ex-
pressing an empirical law covering the data analyzed.

There is reason to suppose that a formula similar to that
applying for corona in air may apply in many cases to solid
or semi -solid insulators. As a whole however the data quoted
by the author tends as much to disprove as to prove this theory.
There is very little foundation in the data presented for the
introduction of the new term in the formula.

E. W. Davis: We quite agree with Mr. Wiseman that if
the voltage rupturing of dielectrics on cables is carefully ana-
lyzed from all angles, we may finally arrive, at a complete under-
standing of what voltage breakdown actually is. We would
like, however, to emphasize the fact that because of the erratic
nature of breakdown tests, many more actual tests must be
made before such a complete understanding can be arrived at.
By analyzing the few sets of data available today, we hardly
produce conclusive deductions. An example of this is found
in the data published by Mr. Fernie. Further tests made by
him quite upset the theory that he at first advocated.

The so-called Middleton formula (K = 5.44 VI D) was
only proposed by its authors as applying to cables whose ratio
R/r is greater than 2.72. For cables whose ratio is less than
2.72, the simple theoretical formula (K' = 0.434 V /r logio
R/r) has been found to apply.

Comparing the values of K (or maximum stress) as computed
by Mr. Wiseman's formula with the values computed by the
Middleton formula, as 'shown in Tables I to IV, we find that
by the latter formula, the values generally show fewer deviations
from the averages and tliat the averages for the cables whose
ratios Rip are greater than 2.72, check more closelyiwith the
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actual stresses for cables whose ratio are Imis than 2.72. This
is shown in the following table.

Table

Average
for fir

Wiseman

K
> 2.72
Middleton

Max. Deviatioo4
from Average

Wisemai. Middleton
for fir
< 2.72

1 347 324 21% 18.8% 226
II 197 197 10.7 15.9 168

HI 668 480 30.0 18.3 512
IV 774 527 60.2 12.9 346
V 920 609
VI 224 206 2.22 4.85 215

It should be noted that for Tables III, IV and V, the results
obtained by the Middleton formula are much more consistent
than those obtained by the formula proposed by Mr. Wiseman,
while in Tables I, II and VI there is little choice between the
two formulas.

G. B. Shanklin: Mr. Wiseman's paper is the third vital
paper on dielectric strength presented before the Institute in
the past few months. Our knowledge of dielectric strength is'
thereby vastly increased.

The first by Mr. Middleton, presented at Niagara Falls
Convention, indicated that the dielectric strength of cables
should be expressed by empirical formulas and not by a maxi-
mum, minimum or average stress theory. In the discussion
which followed Mr. Middleton's paper an illuminating ray of
light was thrown on the problem by the words of Dr. Steinmetz,
Mr. Peaslee and Mr. Peek. Their discussions predicted and
guided the trend of the investigation in a truly remarkable way.

Afterwards, Dr. Wagner presented a paper at Chicago on
the "Electrical Breakdown of Solid Dielectrics," ascribing
breakdown to a true accumulative conduction, concentrated
in small, weakened spots of the insulation thickness. His
work is in such good agreement with the beliefs of Dr. Steinmetz,
Mr. Peaslee and others, and is, in itself, so convincing that it
is sure to have a decided bearing on future work. Dr. Wagner
dealt only with parallel dielectric fields and did not apply his
theory to the more complicated fields met with in cable cross
sections.

The present paper by Mr. Wiseman is an elaboration of the
empirical corona formula suggested by Mr. Peek and shows
without any question of doubt, that the law of breakdown in
cables must be expressed empirically. It appears to me, how-
ever, as misleading to attempt to explain this as due to some
form of ionization, such as corona in air. It is hard to see how
there could be ionization of this nature in solid material. The
mean free path of electrons is entirely too small. That an
almost similar "energy distance" formula will express the law
of breakdown in cables does not necessarily mean that the
phenomena are similar. Rather, it means that the shape of
the dielectric field is involved in both cases. The shape of the
dielectric field determines the distribution of voltage gradient,
so perhaps it is more accurate to say that the voltage gradient
is involved in both cases.

In the discussion previously referred to, both Dr. Steinmetz
and Mr. Peaslee indirectly show how Mr. Wiseman's empirical
results can be explained by Dr. Wagner's conduction breakdown
theory. The density of the conduction current, which is de-
termined by the voltage gradient, must reach a critical value
some distance out from the conductor before actual breakdown
occurs. In the case of corona in air, the voltage gradient
determines the velocity of the ions and therefore the required
critical distance for ionization by collision. The two cases
are similar only in the above respects, but it so happens that
this is sufficient to give them the same form of mathematical
expression.
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W. N. Eddy: Although Mr. Wiseman's detailed analysis
of the available breakdown data on cables is very interesting
and valuable, it leaves the impression that in studying the
breakdown of cable insulation he considered only the voltage
impressed on the insulation, the thickness of the insulation
and the dimensions of the electrodes. No reference to either
the temperature of the cable or the time of application of the
voltage could be found in the paper. Such a point of view,
if true, gives a misleading idea of the problem and while a formula
developed from such data may represent the test data satis-
factorily it will not give an adequate idea of the behavior of the
cable in service at constant voltage and varying temperatures.
In this connection it is interesting to note the statement made by
Dr. Steinmetz in a recent discussion.*

"An extensive investigation of this problem of the mechanism
of breakdown of solid insulation has been carried out during the
last few years in my laboratory by Mr. Hayden and his assistants
in which we derived the conclusion, or rather were forced to
the conclusion, that there exists no such thing as a definite
breakdown voltage or breakdown gradient of solid insulation."

It seems to be well established that the breakdown of insula-
tions is caused by local overheating. This in turn may be
caused by unhomogeneity of the insulation, by overloading
and therefore overheating of the cable at normal voltage, by
the application for a short time of voltage greatly in excess of
normal or by the application for a longer time of voltage slightly
in excess of normal. For instance, a cable in service is under
practically constant voltage throughout its life. After more or
less time the various temperature cycles finally cause a point
in the insulation to develop that begins to take a little more
current than the other points, this increase of current results in
more local heating which in turn means more current and so on
until the insulation carbonizes and breakdown results.

For such reasons it would seem reasonable that any investi-
gation on the dielectric strength of cables should devote as
much or more attention to the effect of temperature and time
than to that of the voltage alone.

Wm. A. Del Mar: The various attempts of Jona, Middleton,
Atkinson, Peek and Wiseman to find some constant value of
the electric stress which will determine the breakdown voltage
of cables have been only partially successful because it is not
yet possible to make a number of samples of cable of identical
dimensions which will breakdown at the same voltage. Indeed,
apparently identical flat samples of impregnated paper show
a variation of at least 10 per cent above and below the average
in breakdown voltage.

It therefore seems hopeless to expect electrical uniformity of
material in samples of different dimensions in an attempt to
find a law connecting breakdown voltage and dimensions.

Whereas leakage of current depends upon average conditions,
breakdown voltage depends upon maxima and minima. It is
probable that a solid or semi -solid dielectric would never break-
down under stress if it were absolutely homogeneous. Increasing
the potential gradient would simply increase the leakage and
nothing would happen unless the heat generated were confined.
Failure results from some local facility afforded to ionic flow.
In the case of impregnated paper this may be a spot where the
paper has low baffling effect to ionic motion, or a portion of the
oil rich in free ions or a vapor pocket where vapor ionizes and
sets up local surges.

The only way to overcome the difficulties due to the inherent
heterogeneity of dielectrics, is to test a very large number of
samples. The deductions of Middleton, Atkinson, Peek and
Wiseman, have been drawn from too limited a number of tests.
Such tests are very expensive and seriously tax laboratory
facilities in the factories. It seems as if cooperative research
would he necessary to reach a solution of this problem.

In the meanwhile some statistical data are obtainable from
factory records extending over long periods. Thus during
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six consecutive months of 1922, the records of one company
show that the breakdown voltage of sector cables runs about
100 kv. for each centimeter of insulation thickness between
conductors. Occasionally this figure would run up to 125
or down to 75, but the general run was unmistakably repre-
sented by 100 kv. per em.

During the same period, two sizes of high -voltage single -
conductor cables were made and numerous- samples tested.
Their dielectric strength as derived from Peek's formula was
found to be about 100 kv. 'per cm. with occasional samples
running above and below to about the extent mentioned for
sector cables.

The dielectric strength of impregnated paper should be of
this order because that of petrolatum is about 30 kv. per cm.
by Peek's formula, and the multiplying effect of the paper is
found experimentally to be of the order of 3.

Mr. Wiseman's experiments appear to have been made on
ceresine and not on impregnated paper. These two materials
exhibit totally dissimilar characteristics under stress and I
am inclined to give very little weight to any formula derived
from tests on the former, when applied to the latter. Possibly
the free ions in ceresine are not determining factors, but C. F.
Hanson and I, in an Institute paper last year, gave experi-
mental evidences of the existence of free ions in petrolatum and
since we have obtained additional experimental evidence of
ionic stimulation in impregnated paper under electric stress
and have developed a practical measure of the baffling effect
of paper to ionic motion. Whether true or false, this theory
has been of great practical use in cable making, as it has enabled
the dielectric strength to be varied over a range from 50 to 150
kv. per cm., at will. All of this is inconsistent with the idea
that impregnated paper obeys a law based upon tests on a solid
dielectric, such as eeresine.

The formula developed by Mr. Wiseman may, of course,
prove to be of great value in the case of solid insulation.

R. J. Wiseman:  The writer agrees with Dr. Whitehead that
we should go slowly in applying the empirical laws for ionization
of gases to solids. We know very little about ionization in solid
dielectrics. I started with the assumption there may be some-
thing in it and was surprised to obtain what I consider sufficient
agreement to warrant further investigation. It is a problem for
the physicist and I hope someone else will take up the study and
give it a thorough analysis, either to prove or disprove what has
been advanced. It must not be laid aside just because there
are no visible or physical effects present on account of ionization.
The writer does not believe such effects need to be a necessary
adjunct to ionization. We can have ionization in gases without
any visible or physical effects, why is it not possible in solids?

It would have been a great help to us if Mr. Atkinson had
shown why he believes the data quoted in the paper tends as
much to disprove as to prove the theory advanced. The data
given in five of the six tables were obtained from papers presented
at the Niagara Falls Convention. Considering the different
sources of data and the fact that the new empirical formula gave
better agreement than other formulas seems to tend more to
prove the theory rather than to disprove it.

The formula presented states that the dielectric strength is a
function of the radii of conductor and insulation as well as their
r atio. Consequently we cannot average up the values of K
in the theoretical formula for dielectric strength if the radius of
conductor varies as has been the case in the tables given in the
paper. Bearing this in mind, the table Mr. Davis presents haa
no weight. Take Table IV of the paper which is a copy of Table
II of the Middleton, Dawes and Davis paper, we have a range of
K by the theoretical formula from' 1355 volts per mil to 326 volts
per mil, K decreasing as the radius of the conductor increases.
It is obvious we have no right to average such a wide range in K.

Mr. Eddy's remarks pertaining to no reference to either tern=
perature of the cable or the time of application of the volth.ge
bring out a serious offense against what we should do when pre-
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senting data and the writer apologizes for not including this
information in the paper. The tests given in Table VI from the
writer's previous work were made at room temperature and an
increase of voltage of about 1000 volts per second. Wo all admit
that very long time constant voltage tests when the voltage is
near the rupturing voltage and varying temperatures give dif-
ferent results than short time voltage tests and constant tem-
perature.

The writer is unable to appreciate Mr. Del Mar's remark that
"it is probable that a solid or semi -solid dielectric would never
breakdown under stress if it were absolutely homogeneous."
The writer agrees with Mr. Del Mar that it is necessary to con-
duct many tests before we can feel we have solved the problem
in question. However it is necessary to make a start at drawing
conclusions after a reasonable number of tests have been made.
The data presented by Messrs. Middleton, Dawes and Davis
are the results of many tests at each point and the data given by
the writer in Table VI are the result of at least 10 tests at each
point. The average deviation for each point was low and there-
fore the average value could be accepted as representing as well
as experimental work was possible, the phenomenon taking place
for the conditions under test.

Considering the agreement which the new formula gives be-
tween computed and actual values of K for each of the tables
given in the paper and the fact that all but five of the tables
were taken from papers by authors and on different dielectrics
gives the formula more weight and that there may be something
more worth while in it than Mr. Del Mar seems to believe. Very
true, eeresine and impregnated paper exhibit totally dissimilar
characteristics and this is brought out in the expression K =
Ko (1 + a! N/r R). The dissimilarity would be shown in the
value for a, K and whether a positive or negative sign would
occur. The baffling effect referred to by Mr. Del Mar is due to
the higher amount of free ions and the greater freedom of mobil-
ity of ions in petrolatum than in paper. Change the freedom
of mobility in paper and you will change the characteristics of
impregnated paper.

I am very glad Mr. Del Mar reports evidence of free ions in
petrolatum. It helps to substantiate what the writer has be-
lieved for many years. The writer views the problem as to
what is a dielectric, as follows, all substances, gases, liquids, and
solids have free ions, different substances having different
amounts and each substance having a different mobility, both
of which determine the dielectric strength of the substance.
The number of free ions in gases is large and freedom of motion
great, therefore we get low dielectric strength. Liquids may be
classed as the next higher order of dielectric, having less free ions
and less mobility than gases. Solids present the case of where
free ions are few and freedom of motion greatly limited, resulting
in high dielectric strength. The above refers to homogeneous
materials. Where we have a non -homogeneous substance such
as rubber each of the pure substances in the rubber has its own
influence on the resulting material. For a substance like im-
pregnated paper in a cable we have the combination of liquid,
and paper impregnated with a liquid. The liquid alone has a
property of its own but the impregnated paper is a combination
of liquid and the solid paper. The resulting material may have
any number of characteristics as the liquid and paper alone and
in combination vary. It may even happen that for the same
liquid and paper, two cables may exhibit different properties
on account of some slight change in the treatment or manu-
facture which would change the ionic characteristics of each
dielectric.

The writer appreciates greatly the remarks of Mr. Shanklin
in referring to the views of Dr. Steinmetz, Dr. Wagner and
Messrs. Peaslee and Peek. The writer's paper was written in
August, 1922 prior to the publication of Dr. Wagner's paper
and the discussion of the papers presented at the Niagara Falls
Convention.

Without being too bold, since reading Dr. Wagner's paper and
the remarks of Mr. Peaslee the question has arisen in the mind
of the writer, aro we all referring to the same thing? Is Dr. Wag-
ner's conduction breakdown theory and Mr. Peaslee's ideas the
same as the views expressed by the writer but expressed dif-
ferently. They view the subject from a changing conduction
angle whereas the writer looks upon it as an ionization phenom-
enon. Corona such as we call the visible glow in air when the
ionization becomes great enough to make the air conducting is
not necessary before we say ionization takes place. Mr. Bergen
Davis' in a paper presented before the Institute in 1914 showed
that ionization and corona aro practically identical. Some of his
ideas present a good foundation for a study of the phenomenon of
ionization. Ionization in gases takes place as soon as the voltage
stress is great enough to cause the free ions to move and create
other ions by impact. It seems reasonable to suppose that the
same will be true for the free ions in a solid. Furthermore it is
not necessary that there be any physical effects resulting from
the formation of ions in the dielectric. If we agree to these
statements, then it is not so difficult to explain some of the
phenomena of the electrical breakdown of dielectrics. Taking
Mr. Peaslee's discussion of the papers presented at the Niagara
Convention. Is the current he refers to partly the current due
to ionization and not entirely a conduction current obtained from
resistance? As the voltage increases and therefore the voltage
stress, any free ions present will be set in motion, causing other
ions to be formed by collision with neutral molecules. These
ions are moving toward the positive electrode to be discharged.
If the positive electrode is near the negative electrode, the ions
will be discharged, and a further increase in voltage stress is
necessary in order to produce a sufficient number of ions to
cause the dielectric to become conducting by breakdown. If the
positive electrode is not close to the negative electrode the ions
do not have time to reach the positive electrode before a large
number have been produced in the region of the negative elec-
trode. This may result in the dielectric around the negative
electrode exhibiting the properties of a conductor and the elec-
trode has been virtually extended into the substance of the di-
electric. This will result in a greater increase in the number of
ions without further increase in voltage and finally, puncture will
occur. The voltage necessary to cause breakdown will not be
proportional to the voltage required for small distances between
the electrodes. In the case of alternating voltages, there is the
additional consideration that the time phase is likely to change
before the ions have been able to discharge, so that they will
simply accumulate around the electrodes and the dielectric will
become conducting at the electrodes with the results previously
stated. Is the current Mr. Peaslee refers to at different parts of
the insulation the ionization current described above. The
writer believes it is and that his curve of current density can be
explained by ionization of the dielectric as the voltage is
increased.

It may be of interest in connection with Mr. Shanklin's refer-
ence to "energy distance" to report that calculations were made
for the data given in the paper with the following results.

The value of the voltage stress was computed at a radius
equivalent to that for the energy distance as found by means of
the ionization formula for each table. The voltage stress at the
energy distance should be constant. The following average
deviation was found for each table.

Table I II III IV VI
Average dev. per cent.. 10.4 6.0 0.1 7.6 0.3

For Table I, II and IV, the formula for K had a negative sign,
whereas for Table III and VI, the formula for K had a positive
sign. Although a constant value of K was not obtained for
the stress at the energy distance for each table, in two cases it
was practically obtained and for the other three, fair agreement
obtained.

1. Theory of Corona. by Bergen Davis. PROCEEDINGS, A. I. E. E..
Vol. 33. April. 1914.
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THE AUTOMATIC TRAIN CONTROL PROBLEM*
(BLAKE), NEW YORK, N. Y., FEBRUARY 15, 1923.

Frank J. Sprague: I wish to refer to the tests which have
been going on on the New York Central Railroad since the
20th day of February, a year ago, on so-called automatic train
control. What is the object sought in train control? Simply
to marry together the traffic conditions which exist on a railroad,
no matter how indicated or governed, whether by manual
signals or by automatic signals, with the braking system of a
train in such manner as to insure the complete protection of
that train movement, the reinforcement of any wayside in-
dications, the amplification of those indications in the cab of
the engine, or their replacement, without encroaching upon the
prerogatives of the engineer when properly exercised, and
without limiting the capacity of the railroad operation.

That means not an "automatic stop" in its simple form,
because it has little value on a modern railroad system. It
has to be placed either too far back, so as not to interfere with
traffic, or too far forward, so that it will not itself protect traffic.
Nor must there be an automatic system, in the sense that trains
are to be run automatically. It must be an auxiliary system,
something which leaves to the engineer that which properly
belongs to him, the handling of his train according to the great
varieties of conditions that exist in operation, all the while
protecting him, but in no case unnecessarily interfering with him.

Therefore the system should be called an "auxiliary" and
not an automatic, system of train control, one where operation
is automatically initiated, but under the control, so far as proper,
of the engineer himself.

There have been several systems mentioned. They may be
divided into two broad classes. First, intermittent; and, in
this class, we have the rail -contact ramp devices, also the in-
ductive method of initiating impulses on the locomotive, either
by induced electromotive forces in the control circuits, or by
direct magnetic action; and then there is on the other hand
the so-called continuous system, illustrated by wireless or by
the picking up of induction from the rails themselves, as well as
other methods unnecessary to mention at the present moment.

Train control has had a hard road to hoe, as those who are
interested in it know. There have been over a thousand pro-
posals before the United States Government, and one of the
leading signal engineers of the country said there had been
over four thousand proposals before the railroads.

Opponents of train control have largely ignored the possi-
bilities of a properly developed system, the making less necessary,
or insuring a simplification or reduction in the use of wayside
signals,-leaving out for the moment the making possible a
two-way operation of every track of a multiple -track railroad,
with cab signals operated in either direction of traffic. Those
are perhaps the two larger results to be obtained, not merely
the humanitarian one.

The United States Government, however, has looked more
particularly to the matter of safety, and the Interstatp Commerce
Commission recently has ordered 49 railroads in this country,
to each equip, within two years, a complete engine division in
certain specified localities. Their order covers only a very
small proportion of the mileage of the large railroads, but this
work has got to go ahead now and in the course of two years
there will be a goodly number of systems in operation.

Some will bring, no doubt, disappointing results to the rail-
roads, and with the possibility of inducing dangers which they
were intended to eliminate. Some of these cannot be avoided,
but we hope, as to others, the results will be satisfactory. Up
to the present the few systems in use in this country are of the
so-called rail -impact type.

This has one fundamental and serious objection, which I
will specify and illustrate by reference to three exhibits laid
before the Government at Washington. It is based upon the

*A. I. E. E. JOURNAL, 1923, Vol. XLII, January, p. 27.

idea that at every block over which a train passes there must be
operated a shoe whose object it is to apply the brakes, but such
application is to be prevented when the block is clear, by the
supply of electric current to that particular ramp rail.

You would be surprised to see and know perhaps how few
times automatic operation should be called into play. I will
illustrate very briefly by facts taken from the official records:

On three railroads, which I will designate as A, B and C, we
have the ratio of needed brake applications to the number of
blocks passed over as follows: A, 1 in 414; B, 1 in 1491; and
C, 1 in 37. If you have an apparatus which is operated every
time you go past a block, it is operated a hundred or more
times, as frequently as called upon by adverse traffic conditions.

The great difference between that kind of a system and the.
induction system, no matter of which type, is that the apparatus
operates only when it is required, and not the many times not
necessary. In other words, it is required probably on an average
of perhaps once in one hundred blocks, based upon the average
density of train service in the United States.

The Joint Committee of the American Railroad Association
and the Interstate Commerce Commission about a year and a
half ago started to have certain sundry tests made in this country,
and among others there was one initiated by my own company,
carried on on.the New York Central Railroad on the No. 2 track,
the same track used by the 20th Century. It started a year
ago and for the past two months it has been under closed sealed
tests. Some idea of the intensity of that test may be indicated
when I state that the number of brake tests have been from
thirty to five hundred as many as occurred on the roads above
mentioned, and the brake applications made during the two
months just closed is what would have occurred, in average
density of operation, on a train five times encircling the globe at
the Equator.

Mr. Blake's paper omits reference to what has been done over
a very considerable period, and those facts should ultimately
be placed upon the record.

Azel Ames: It is to be regretted that Mr. Blake uses the
word "engineer" throughout to denote the locomotive operator
rather than the official designation of "engineman". It is
suggested that the terms "main line" and "terminal" territory
would be more precise than the terms "block signaling" and
"interlocking" territory used in paragraph 9 for the reason
that nowadays automatic blocking is carried through all main
line interlockings and automatic train control would naturally
be carried through them when installed on any given section of
main line. In terminals where slower speeds are called for,
automatic train control would of course be less necessary and
vastly complicated.

The author points out the superiority from the safety stand-
point of "continuous" as compared with "intermittent" control
and also the greater facility which "continuous" control offers
for the installation of cab signals. On the other side it may be
said that with existing types of continuous control considerable
inconvenience is likely to be encountered especially with work
or construction trains due to the impracticability of pushing
cars, snow plows, or other types of equipment ahead of the
engine. It is also well to remember that while the principal
protective feature of "continuous" control lies in causing a
stop application in the event of a switch being opened or a train
pulling out of a siding after the approaching train has entered
the block, we cannot be sure that these untoward events will
always happen when the approaching train is full braking dis-
tance, or even half that distance from the point of obstruction.

In noting that all speed controls of the "braking curve type"
require the automatic control indication to be effective at a
uniform distance from all stop signals, the author is undoubtedly
assuming level track conditions, as the distance would vary
with the grade of the approach to the stop signal.

Mr. Blake's paper refers principally to the signaling and train
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spacing features of the automatic train control problem and to
the various means employed to produce an impulse or effect
in the engine cab as the result of certain conditions upon the
roadway. It would have been very interesting if he had touched
upon that much neglected phase of the problem, namely, that
of braking. For years discussions of automatic train control
have seemed to assume that if a magnetically controlled valve
somewhere in the braking system could be opened to permit a
reduction of air pressure when it was desired to stop a train,
the problem had been solved. Our present highly efficient
automatic brake systems have been designed entirely for manual
operation and many of their characteristics might be quite
different if they had been designed for automatic control. Per-
haps the most serious phases of the automatic train control
problem after all are the great variety in the braking power
of trains, especially freight trains, the large time elements
involved in application and release in long trains, the necessity
for release to accomplish a second application on long down
grades and the enormous cost of changes in the existing equip-
ment.

Most of these are matters for mechanical rather than elec-
trical solution, but it is very desirable that the electrical engineer
studying automatic train control should realize that it is the
brake that must stop the train and that his electrical apparatus
and circuits must be designed with the characteristics of the
braking system always before him.

T. S. Stevens: Quoting from page 27: "The primary
function of automatic train control is, of course, to stop the
train before it enters upon unsafe territory."

This has been true with reference to older developments,
but the tendency now seems to be to stop the train only when
the engineman fails to properly reduce speed.

Page 32: "Furthermore the number of speed indications
which can be intelligibly given by semaphore is limited while
any reasonable number of indications can be provided for in
the cab." -

This sentence seems to be definitely at discord with the actual
conditions. While I do not agree with the signaling methods
used on a considerable mileage of the railroads, largely because
of the lack of necessity for a large number of speed indications,
the facts are that on very many railroads, where three -arm
signals are used, quite a number of varied speed indications can
be provided intelligibly which are absolutely impossible to
provide in the locomotive cab. So far, if the stop indication is
included, the manufacturers have been able to provide four
speed indications: high, medium, slow and stop. As a point
of fact the majority combine the slow and stop indications
so that only three are provided.

M. E. Pipkin: Mr. Blake's paper gives the impression that
the author considers continuity of indications on the engine a
highly desirable feature in train control, if not an absolute
essential. In this connection, it is interesting to compare the
situation with that which obtains in the present roadside signal
systems. In the roadside systems and in all of the automatic
systems described by the author the track is divided into definite
blocks and the control required is with definite relation to these
blocks. Specifically the requirement is that the train stop at
a definite point, namely at the entrance to an occupied block.
Furthermore, the indication that a stop is required becomes
.effective in all cases at a definite location namely, the beginning
of one or another block section. In the case of roadside signals,
the necessary warning is given at the logical point, namely the
point where it becomes effective. In other words the fixed
roadside signal is essentially an intermittent indication confined
to a definite location for each block, precisely as is true in the
case of the intermittent control systems described. In both
cases the control of the indication including track circuits and
.control circuits from the opposing train back to the actual
indicating point is properly continuous, but the indication

:itself is intermittent.

E. J. Blake: Mr. Sprague's dismission emphasizes
ively two points 111011114)11(4d in tie palter; the necessity for
avoiding anything that will supersede the engineman when he
functions right, and the insufficiency of the plain automatic
stop when trallic capacity has to be maintained. I agree with
him that we can expect, and should provide for, siniplifieation
of roadside signalling and increased facility of train operation,
as well as increased safety with the adoption of automatic
train control. That has been the history of roadside signalling.
It was introduced as a safety measure, but has become recognized
equally as a measure for facilitating train movement. The
particular case cited by Mr. Sprague is not altoget her peculiar
to automatic control; two way operation of multiple tracks
has been provided for in a number of cases by the use of roadside
signals.

Mr. Sprague does not make wholly clear just what is meant
by the "ratio of needed brake applications to the number of
blocks plassed over." If he means that the ongineman dis-
regarded stop indications so that automatic control should
have come into play in one block out of every 414, or 1491, or
37, the last figure seems surprisingly small. In any ease we can
agree that actual operations of the automatic control necessitated
by failure of the engineman ought to be exceedingly infrequent.
But it does not seem especially important what the control
apparatus does the ninety nine times it is not required (assuming
that it does not interfere with the operation of the train).
The essential thing is certainty of operation in the hundredth
case when it is needed. We have a somewhat similar case in
roadside signalling. The signals ordinarily operate at the
passage of every train, irrespective of the presence of a following
train for which the signal indication is required. It is to be
hoped that the results of the New York Central tests to which
Mr. Sprague refers will be published in due time.

Major Ames's comments on the terminology of the paper are
well founded. "Engineman" "main line" and "terminal"
territory are more precise than the terms used in the paper. I
cannot agree with him that the principal advantage of contin-
uous control from a safety standpoint is response to danger
arising after the train lids entered the block. It has this advan-
tage, but as Major Ames points out, nothing can protect a train
against a danger that arises too near it to permit of stopping.
The fundamental claim of the continuous systems to superior
safety as I see it is the fact that they can be arranged to respond to
every cessation of energy as a danger indication, just as is true of
roadside signal apparatus. Every intermittent system neces-
sarily responds to some action at the indicating point so that
absence or failure of the action is, in effect, a false proceed
indication. Protection for equipment pushed ahead of the
locomotive is a real difficulty; but in the case of work trains
at least it would seem reasonable to operate with the automatic
control cut out, just as they are frequently operated under
"work orders" without regard to fixed signals or the direction
of traffic.

The reference to uniform location of control indications
for "braking curve" control should have been qualified as
suggested with regard to grades.

Major Ames points out that proper air brake control after
suitable traffic indications have been received is a serious problem
in itself. This is true in some degree for all control cycles,
and particularly, for the cycles based on slowing down to a
prescribed speed at caution signals; for in this case the automatic
device must check the sufficiency of the brake application even
when it is initiated by the engineman. But it should be borne
in mind that the automatic control is intended to stop the train
only as a last resort in the infrequent cases where the engineman
fails to do so. Under the circumstances, rough and even dan-
gerous handling of the brakes might be tolerated in preference
to continuing to run unchecked into the obstruction.

The first passage quoted by Mr. Stevens, when read with the
sentence which follows it seems to say substantially what Mr.
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Stevens says in his comment. But the second passage (page 32)

may be unintentionally misleading. It is true that the number
of simple and desirable aspects available with semaphore
signals is limited because the semaphore (and its light indications
at night) must be read at long range and under unfavorable
conditions; and it is true that no such limitation exists for cab
signals. As an extreme illustration the engineman is able to
distinguish clearly seven hundred and twenty distinct minutes
in twelve hours on the face of his watch. But it is not true
that unlimited indications can be transmitted from the roadway
to the train without very great complications. Practical
developments to date have been confined to the simplest avail-
able circuits giving three or at most four indications on the
train as stated by Mr. Stevens. It is likely that these
indications will suffice for a great majority of future installations;
but it is far from impossible to give a much larger number
if the need should justify the cost.

Mr. Pipkin cites an interesting parallel between train opera-
tion under roadside signals and under automatic control, and
concludes that intermittent indications on the train are a
logical result of the subdivision of the track into blocks at
definite points. The analogy is not wholly valid because
the roadside signals are commonly visible through a considerable
part, and often through the whole of the block. In the latter
case the indications received on the trains are strictly con-
tinuous, notwithstanding the intermittent location of the signals
themselves. Furthermore the point at which action is required
to bring the train to a stop at the entrance to a block is not
definite but varies with the speed of the train. An engineman
approaching a stop signal often sees the signal change to caution
before he is obliged to set the brakes; or sees the signal change
before the train has come to rest, releases his brakes and pro-
ceeds. Ir either case he is taking advantage of a continuous
indication, extending back to the visible range of the signal.
It is the universal custom to locate roadside signals with a view
to getting the longest practicable range of visibility-that is
to, give continuous indications to the engineman as nearly as
possible; and even where the range is shortest the indication
is by no means comparable with an instantaneous impulse
during passage by a definite point.

DISCUSSION "ON A NEW EQUATION FOR THE
STATIC CHARACTERISTIC OF THE NORMAL

ELECTRIC ARC"* (NOTTINGHAM),
New York, N. Y., February 16, 1923

W. N. Eddy: As a supplement to his detailed analysis of the
voltage -length -current characteristics of short arcs Mr. Notting-
ham might be interested in the results of some arc tests that were
published in 1922.1 These tests were made with the idea of
(1) trying out Dr. Steinmetz' equation at longer arc lengths than
used by him in 1906 and (2) finding the effect on his equation of
different pressures on the arc stream.

While developed from data on arcs no longer than 2 in. the
Steinmetz equation was found to hold true for arcs as long as
6 in. the maximum length of arc tested.

While the Nottingham equation satisfactorily represents the
short arcs the longer arcs show a straight line relation between
length and voltage and therefore are better represented by the
Steinmetz equation. Thus it would seem that a combination
of the two equations should satisfactorily represent the volt-
ampere -length characteristics of normal arcs throughout the
whole range of length.

The effect of the pressure on the three different constants of the
Steinmetz equation was shown empirically in the form of
*A. I. E. E. JOURNAL, Vol. XLII, January, p. 12.

1. Length -Voltage -Current Pressure Characteristics of Normal Arcs for
Different Electrode Materials, G. E. Review, March 1922.
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curves for various electrode materials. By the use of these
curves the Steinmetz equation can be used to show the relation
of the five variables current, voltage, length, electrode material
and pressure on the arc stream.

W. B. Nottingham: In answer to Mr. Eddy, I wish to call
attention to the statement in my paper that "It is evident from
this examination of the equations (19) and (21) that arcs of less
than 15 mm. (length) can not possibly be represented accurately
by an equation less complex than equation (19). However, arcs
of length greater than 15 mm. can be represented by equation
(22), which is the limiting form of (19) for large arc lengths;
viz.

C DLE=A+BL+ (22)in

E = Difference in potential across the arc.
L = Length of the arc.
i = Current in the arc.
A, B, C, D, and n are constants depending upon the elec-

trode material, the surrounding medium, etc.
Equation (22) shows the difference in potential (E) across

the arc to be a linear function of the are length (L), and therefore
it agrees with Mr. Eddy's observations. When equation (19)
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FIG. 1.-A CHARACTERISTIC CURVE FOR AN ARC BETWEEN
COPPER ELECTRODES ARC LENGTH 5 CM.

A Grau and Puss Observed.
B Nottingham Calculated.
C Steinmetz Equation. Constants from W. N. Eddy.
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is used for long arcs (15 mm. or more) the only differences between
it and the Steinmetz equation are that the current enters as in
instead of and that there is a term 700 L (or B L in equation
(22) ) which is omitted from the Steinmetz equation. In both
equations the voltage is a linear function of the arc length.

Fig. 1 has been prepared to show that equation (19), or its
limiting form equation (22), holds quite well over a range far
greater than that for which its constants were originally calcu-
lated. The three curves shown in the figure are; (A) the charac-
teristic curve for an arc 5.0 cm. long between copper electrodes
as observed by Grau and Russ'; (B) the Characteristic curve for
a copper are of the same length calculated by equation (19)
(or equation 22), using the constants given in Table VI12;
and (C) the calculated characteristic for the same arc using the
Steinmetz equation with constants given by Mr. W. N. Eddy3
for the normal arc between copper electrodes in air at atmospheric
pressure.

1. Grau and Russ, Plws. Zeilschr., 9, p. 107, 1908,
2. A. I. E. E. JOURNAL, Vol. XLII, p. 10, Jan. 1923.
3. W. N. Eddy, G. E. Review, March 102, p. 191.
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Steinmetz Equation:

c (I # 8)E = a
V i

a = 48.8 volts
c = 38.5

= 0.28 cm.
/ = Aro length in cm.

It was the aim of my paper to present an equation to repre-
sent satisfactorily "the volt -ampere -length characteristics of
normal arcs throughout the whole range of length." Equation
(19) meets this requirement in every way that I have been able
to test it.

PHYSICAL INTERPRETATIONS OF COMPLEX ANGLES
AND THEIR FUNCTIONS*

(BOYAJIAN), NEW YORK, N. Y., FEBRUARY 16, 1923

A. E. Kennelly: I think we are all indebted to Mr. Boyajian
for bringing to our notice that we shall have to modify our
views concerning angles, and their treatment by engineers.

I think that has been evident to a great number of us, but
Mr. Boyajian has been the first to say so definitely. He has
shown us how complex angles may be worked. I think that
the method he gives is workable and reliable, but I would
like to make one reservation in regard to the treatment that he
offers.

I think we all agree in regard to what he says about circular
angles, and that a hyperbolic angle is an imaginary circular
angle, also that a circular angle is an imaginary hyperbolic
angle, but he takes the position, if I understood him correctly,
that for a hyperbolic angle, it is not necessary to involve any
kind of rotation, that it is simply a one-dimensional movement,
or a one-dimensional quantity.

I think that while for ordinary purposes that may be true,
and that processes of calculation may be conducted on that
basis, but to say that the hyperbolic angle is of one-dimensional
quantity, is I believe, limiting it unnecessarily. It seems to me
that we can use Mr. Boyajian's method without necessarily
confining ourselves to that point of the doctrine. I still think
that we can maintain the idea of rotation through an area in
connection with a hyperbolic angle, and one reason for that is
presented in these slides of a model for projectinglthe cosines
and sines of a complex hyperbolic angle, and which attributes
rotation of a radius vector to both the hyperbolic and circular
components of the complex angle.

A. Boyajian: As for the reservation which Dr. Kennelly
wishes to make so as to maintain the idea of rotation in connec-
tion with hyperbolic angles, may I submit the following
considerations:

When the radius vector traces a hyperbolic sector, it certainly
also traces a circular angle by virtue of its rotation. According
to usual schemes, the area of this hyperbolic sector is made use of
to represent the numerical value of the hyperbolic angle, and the
circular angle which the radius vector has traced is ignored. As
I have stated in my paper this is permissible representation but
is not completely illustrative of the essence of a hyperbolic
angle. If we were called upon to make a representation of a
hyperbolic angle, in which there shall be no trace of a circular
angle, I think we shall have to fall back on the straight line dia-
gram given in my paper in accordance with the newer point of
view.

Dr. Kennelly feels that to make the hyperbolic angle a one-
dimensional quantity, that is, to eliminate rotation from the
representation of hyperbolic angles, limits them unnecessarily.
I feel however that the idea of rotation which has been forced on
hyperbolic angles in the past has unnecessarily handicapped the

*A. I. E. E. JOURNAL, 1923, Vol. XLII, February, p. 155.

interpretation of the true physical nature of hyperbolic angles.
The now point of view, by eliminating this unnecessary condition
of rotation, gives greater freedom to the hyperbolic angles and
to their interpretation.

W. N. Eddy's constants for
arc between copper electrodes TELEPHONE
in air at atmospheric pressure.

TRANSMISSION OVER LONG CABLE
CIRCUITS*

(CLARK), Nsw YORK, N. Y., FEBRUARY 15, 1923
James J. Metallic conductors interconnecting

cities and territories must be used in over increasing quantities
to meet the requirements for long distance telephone service.
For many conditions, open wires carried on polo lines provide
the best method and the one with which we are all generally
familiar. The other available method and the one with which
this paper specifically deals, is to bunch the wires together
within the limits of a small lead sheath and this, as might well
be supposed, introduces new problems and some of the most
important of these are problems of transmission. The two
methods mentioned are complementary and both have wide
fields of application.

For some sections of the country the cable method of providing
for the service offers advantages which are of almost controlling
importance and it is to some of these advantages that I will
briefly refer in the following discussion.

Continuity of service is of prime importance under all condi-
tions, but to insure this in a substantial degree in the case of
heavy open wire lines under extreme weather conditions requires
very expensive construction. The cable method is, therefore, an
important step in the direction of providing greater insurance
to continuous service. The successful development of the
telephone repeater has made it possible to operate long telephone
circuits by the use of wires of a smaller gauge than good en-
gineering practise requires from the standpoint of mechanical
strength in the ease of open wire lines. To use these smaller
conductors, means, therefore, that the wires must be placed in
cables.

These cables are practically free from damage due to sleet
and wind storms, and while an occasional interruption to service
is likely to occur, just as a leak might develop in the roof of
this building, still such interruptions are of less consequence
than if the structure as a whole were badly damaged.

From the standpoint of conservation, as many as 300 long
distance telephone circuits can be provided in one cable and
several cables can be carried on one pole line. To provide
for as many circuits as can be placed in one cable with open
wire construction would require ten pole lines, using poles of
considerably greater size. As is well known, timber is becoming
scarcer each year and the number of available through routes
not already occupied with pole lines is extremely limited. It is
easy to imagine the difficulty that would be experienced in trying
to find routes for ten to twenty new pole line routes at this time
between New York and Boston or New York and Washington,
but this, and even more, would be required if cable could not be
used for telephone circuits connecting these points. The same
applies to the section generally between New York and Chicago
and between other points. Another item is the matter of copper.
For the 300 circuits on the basis of open wire lines, we would
require at least 70,000 lb. of copper per mile, while for three
hundred circuits in cable, 13,000 lb. is sufficient. Therefore,
for each mile of cable we leave 57,000 lb. available for other
purposes.

I believe that these few examples make it sufficiently clear
that the development work, an important part of which is
described in this paper, which has been done to:make it possible
to operate long distance telephone circuits in cables is of great
importance from the standpoint of conservation and economics
and from the standpoint of reliability of service which the
people of this country not only expect, but require and demand.

*A. I. E. E. JOURNAL, 1923, Vol. XLII, January, p. 1.
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It will, however, be evident from a reading of the paper that to
obtain these things it is necessary to be liberal in the expenditure
of technical ability.

I have been very much interested in the diagram showing
power levels at the various points along a New York -Chicago
cable circuit as illustrated in Fig. 7. The discussion of this,
as well as the requirements for considering velocity of propaga-
tion, echoes, and transmission regulation to compensate for
variations in attenuation due to temperature changes illustrates
forcibly the necessity of careful design and a consideration of

circuits from one end to the other as a unit if satisfactory results
are to be obtained.

DISCUSSION ON "PERMEABILITY"* (SPOONER)
New York, N. Y., February 16, 1923

E. L. Bowless Mr. Spooner has presented some very in-
teresting data concerning an involved and difficult subject. The
analysis of circuits containing what are rather equivocally called
"variable constants," is a difficult and sometimes an impossible
problem. At present we are faced with a very serious situation
no matter which way we turn. Variable coefficients of resist-
ance are met with in the ease of gaseous or thermionic conduction,
and they are met with also in the case of circuits containing
magnetic materials. In fact, even dielectrics suggest the con-
sideration of variable coefficients. In view of these conditions,
it seems that we should talk of the Coefficients of an
electric circuit rather than the Constants, for after all, in
developing the subject, one must overcome the handicap which
results from a treatment of the electric circuit on the basis of
constants.

Thus far, circuits with variable coefficients have required the
use of Fourier series, Fourier integrals and integral equations.
Many analyses are so involved that one loses sight of the very
principle or purpose. Unless a great simplification is made in
our treatment of such problems, we will have to rely almost
solely upon empirical, or else cut -and -try methods. Perhaps it
will be possible to develop a number of graphical solutions
wherein the volt-ampere or other characteristics are used as the
foundation. Graphical methods have been applied in the deter-
mination of the operating characteristics of generators and
motors. To a certain limited extent, they have been applied to
thermionic problems, and it is the writer's feeling that this
method of attack may ultimately become a very fruitful one.

It is hard to place general confidence in Mr. Spooner's special
results, since the assumptions made are likely to mislead one
rather seriously. The question of what happens in a choke coil
used for radio frequency is as yet unanswerable, owing to the
complexity of the conditions involved. Conclusions based on
low frequency analyses can hardly hold in such cases. The
reactance of an iron circuit depends not only upon the phenom-
enon of hysteresis but also upon the eddy current loss. The
separation of these two is difficult, and in some cases it is
impossible.

Another point to be brought up is the question of the induct-
ance of a circuit containing variable coefficients. In a circuit
containing a magnetic material of variable permeability, it is
not possible to speak of such a thing as a constant inductance L,
but rather to speak of another variable or instantaneous induct-
ance 1 for the induced voltage is by fundamental concept:

or

e = -N X 10-8 volts

d 4s di
= -N - - X 10-8di dt

die = - 1 -d - volts

A. I. E. E. JOURNAL. Vol. X Li I. January, p. 42.

where 1 = -N d-X 10-8 henrys
d i

If now the permeability is constant, then the derivative of flux
with respect to current is constant, or:

N(1,L - X 10-8 henrys

which is the familiar expression for inductance ordinarily used, or

d
t

e = -L
d

volts

Light Beam

Fro. I

Screen
Mirror

Suspension

The Research Department of the Massachusetts Institute of
Technology has spent considerable time during the last three
years in attempting to exactly determine the dynamical condi-
tions existing in a magnetic circuit containing iron. Much work
has been done in the development of a special bi-vibrator-quad-
rantal oscillograph. This idea is not new, nor was its applica-
tion new in this particular case. This oscillograph consists of
two vibrators facing each other, and at right angles. A beam
of light striking one of the mirrors is reflected to the other, and
then reflected once more, as shown in Fig. 1. In this way, a
compounding of the motions of the two mirrors will produce the

Flo. 2

well known Lissajous figures in the case whore the two motions
are harmonic. If the deflection of one of the vibrators is made
porportional to the magnetizing force, and the deflection of the
other proportional to the flux, such an oseillograph is capable
of tracing hysteresis loops visually so that they can be directly
photographed.

The parts of the completed oil -damped oseillograph are shown
in Fig. 2. One of the vibrators is capable of rotating about an
axis parallel to the axis of the suspension, and the other vibrator
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is capable of rotating about an axis lying in and perpendicular to Or by expansion in which all terms except the first are neglected,
the mirror. Thus the beams from the two mirrors can be made equation (4) becomes:
to trace orthoganal lines on a screen or negative. The completed
oscillograph, with its magnets, is shown in Fig. 3.

The research problem has resolved itself .into the determina-
tion of a circuit which would carry a current proportional to the From which the per cent deflection error, rte, for a major loop is:
flux. An example of a particular circuit with the vibrators Ro /3inserted is shown in Fig. 4. Neglecting the leakage reactance

L
.%) ,7,2 - B2

COof the coil B, we have that
y6

e = N
d

- B0 io
d tio

L volts (1)
t t

FIG. 3

And the solution of this equation, neglecting the transient term,
is:

_R _t _R t

io = K E L f e L d B amperes
if now R. is negligible, we have the result:

ie = K f d B amperes (3)
So that if an oscillograph vibrator were inserted, as in Fig. 1,
at any instant its deflection would be proportional to the flux
in the iron.

Some idea of the validity of the assumption of negligible

Flux Vibrator

FIG. 4

(2)

resistance can be obtained if certain conditions are taken. For
example, if a sinusoidal voltage is impressed on the magnetizing
coil A of Fig. 1, then the flux will be a sinusoidal. With this
condition, the exact steady state solution of equation (1) is:

CO

= KI
Ro2 + L2 [ B

ZO = K [ B
L

Bm2 - B2 amperes (5)
ie

- B

Fia. 5

FIG. 6

numeric (8)

It is seen that the error is zero when B = B,,,, and a maximum
when R = 0, or:

w1.

co

R.
L

Bm2 - B2 I amperes (4) The area represented by the error term is of the form of an ellipse.
In order that the area of the ellipse be negligible, R. must be very

(nw)maz - numeric (7)
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low, or L very high, or both. For frequencies in the power range,
L would need to be impractically large. It was attempted to
make R. small by the use of a dynatron, but difficulties were
encountered which at that time, at least, could not be overcome.
With no corrections for resistance, J. P. Putnam, in his Bachelor's
Thesis (1921), secured some very interesting oscillograms which
are shown in Figs. 5 and 6. (These were obtained with an
experimental instrument as first used.) In Fig. 5, a very
interesting effect is noticeable. The tips of the successive loops
do not follow the magnetization curve as one ordinarily imagines.
Fig. 6 shows the effect of a direct component of current in an
iron core. These curves suggest points of considerable interest
which can only be investigated by dynamical methods of hystere-
pis loss determinations.

Another method of securing a current through the flux vibra-
tor proportional to the flux is to replace the inductance L, shown
in Fig. 1, by a high resistance in series with a condenser. The
difference in potential between the terminals of the condenser is:

= 1/c fidt volts

But if R. is large, then

vc =
R.1 C

f edt volts

And since the integral of voltage is flux:

v. - 1
cb volts

R. C

where  is the instantaneous flux. The error is of the same
nature as in the case of the inductance, and is expressible by:

1
(ne)max = numeric

cc R. C

The two methods mentioned are impractical as they stand, but
a third method is now being worked upon, which promises to
yield results which will be accurate, under the condition that
the laminations making up the magnetic material under test are
so thin that the effect of eddy currents is negligible.

G. H. Cole: Mr. Spooner's paper is of value to the designing
engineer rather than to the mathematical physicist. It is
quite probable that in the majority of design calculations involv-
ing incremental permeability, its value is simply guessed at.
Fig. 5 of Mr. Spooner's paper shows that the ordinary perme-
ability may be several times as large as the incremental perme-
ability and hence the use of this value instead of incremental
permeability may result in large errors, while Mr. Spooner's
simple formula quickly gives the incremental permeability of
sufficiently good accuracy for most practical purposes.

For the benefit of engineers who are accustomed to measuring
electrical quantities with errors of less than a per cent, it may be
well to mention that the standard method of measuring ordinary
permeability of sheet steel may introduce errors, if the perme-
ability is very high, of the same magnitude as the difference in
the incremental permeability given by the Spooner formula and
the test values recorded in Table VII covering a variety of
materials of quite different magnetic properties. Even though
the ordinary permeability may be accurately determined on
specimens, the variation throughout the lot of steel from which
the samples are chosen may be of the same order as those of the
incremental permeability expected from the Spooner formula.
This formula therefore, seems to be of sufficient accuracy for
most applications and enables the designer to quickly estimate
this characteristic of steel concerning which so little is generally
known.

T. Spooner: With reference to the calculation of incremen-
tal permeability where the frequency is sufficiently high or the
thickness of the laminations sufficiently great so that skin effect
is appreciable Mr. Bowles points out that this method doe's not
give reliable results. This is, of course, true as we have taken

pains to mention in the paper. We hope to go into this aspect
of the subject at a later date.

With reference to this new oscillographic arrangement men-
tioned by Mr. Bowles I had the pleasure a year or so ago of
seeing some hysteresis loops taken with this apparatus. These
loops were rather far from true hysteresis loops due to the fact
that the resistivity of the secondary circuit could not be made
negligible. This, of course, introduced very appreciable errors.
It is to be hoped, that this apparatus can be developed so that the
resistance factor will be negligible since there would then be
available a very valuable method of analyzing magnetic circuits
under these special conditions.

It is a very easy matter to take a ring or other suitable sample
of laminated steel which is provided with the necessary windings
and to measure the effective permeability for various conditions
of superimposed d -c. flux simply by reading the voltmeter and
ammeter. We have done this in a few cases and in general have
obtained fair checki with the value as calculated from the curves
and formula based on ballistic results. There are some marked
discrepancies, however, which perhaps Mr. Bowles' oscillographic
method can explain.

APPLICATIONS AND LIMITATIONS OF THERMO-
COUPLES FOR MEASURING TEMPERATURES*

(SMITH), NEW YORK, N. Y., FEBRUARY, 16, 1923
E. D. Tanzer: Not so long ago, a thermocouple was solely

a physicists instrument. At the present time, however, it
has a wide field of application among the operating companies.
At least, we of the Philadelphia Electric Company, during the
past three years have used it extensively in field deterthinations
of the operating temperatures of cable duct lines, cable sheaths
and transformer manholes, as well as in research problems
pertaining to the operation of an extensive underground cable
system.

Mr. Smith has defined very nicely some of the limitations
inherent in the use of various types of couples in the field. We
have experienced in our own investigations, some of these same
factors, and accordingly I believe that it may be of interest to
show some ways in which we have found the thermocouple
particularly useful in the investigation of temperatures in our
underground system.

In measuring temperatures in duct lines, carrying several
cables, it is obviously impossible to get the thermocouple into
a duct occupied by a cable. The only thing that we can do
is to devise a means of readily locating a couple along an adjacent
empty duct.

In the device utilized for this purpose a mandril carries the
thermocouple. In the center of this mandril, the thermocouple
junction, imbedded in a small copper block, is protected so far as
possible from any mechanical injury that might result from
pulling the mandril through a duct. The first of these devices
made up to investigate a duct run of about 400 feet length,
was made with these mandrils spaced at approximately 50
foot intervals. The little block of copper in which the couple
junction is mounted, is for the purpose of providing a small
amount of thermal capacity just at that particular point and so
obviate the possibility of heat radiation or conduction away from
the couple junction itself since this would mitigate against the
accuracy of its indication.

In one particular duct line in which a large number of measure-
ments were made we had a duct length of about 400 feet badly con-
gested witt cables. Accordingly, a great deal of heat was to be
radiated and the operating temperatures were rapidly becoming
large. Thermocouples made possible the exact determination of
the existing temperature within this duct run and so gave the load-
ing that could be used to advantage for the cables involved. The
configuration of the duct run was such as to cause difficulty
in determining temperatures at midlength locations. The

*A. I. E. E. JOURNAL, 1923, Vol. XLII, February, p. 171.
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loads from each of the 50 -ft. spaced couples were all brought
bank It) the one location enabling the operator to read the
temperatures along the duct run with a minimum of effort.

Couples have also been used to determine the location Of a
leak beneath the street level in a steam service main. III this
ease steam was present in adjacent manholes but the exact
location of the leak was not readily determinable from the
surface of the street by ordinary methods. However, by
checker -boarding the surface of the pavement and locating a
couple at the center of each one of these squares, the temperatures
attained by the couples served to indicate the particular point
in the steam main which was giving trouble, to within a distance
of approximately 3 ft.

I believe, therefore, that in the future, there will be more,
of what I might call "out of the ordinary," applications of
thermocouples to the problems of the operating companies.
Accordingly, Mr. Smith's paper is very timely as it discusses
some of the things which we cannot expect thermocouples
to do.. For instance, although the couple, by itself, is very
accurate, yet it may be so mounted as to nullify a portion,
or even a large part, of its accuracy. Particular attention,
therefore, must be devoted to not only the couple itself, but to
the mounting with which the couple is to be used.

G. H. Cole: Thermocouples, because of their simplicity
are frequently used under conditions which have been given
little thought. For example, even with somewhat more ther-
mocouple experience than the average engineer, it is improbable
that I would have hesitated about measuring the temperature
of a brass block by putting a thermocouple junction at the bottom
of a small hole M in. deep, as shown in Fig. 3 of Mr. Smith's
paper, unless very good results were desired. Yet this proce-
dure resulted in nearly as great a difference in the temperature
desired and that read as between the mean temperature of May
and December in New York City.

While it is well known that the temperature drop at surfaces
of solids through which heat flows is relatively large, as for
example at the junction of bricks in a furnace wall, Mr. Smith's
paper has been of value in calling attention to the need for using
this knowledge in thermocouple applications.

Due to the numerous surfaces to be crossed by heat flowing
across a laminated transformer core, the thermal drop may
50 to 100 times greater in this direction than perpendicularly
to it for the same distance in one lamination. The foregoing
indicates the importance of making intimate contact with the
surface whose temperature is to be measured.

I would like to ask Mr. Smith if surface drop and con-
duction errors can be largely eliminated by having the two
thermocouple wires make contact with the body to be
measured at different points.

R. P. Brown: Mr. Smith, in his paper, makes the following
statements:

"Any change in the resistance of the thermocouple circuit
causes an error in a millivoltmeter type of pyrometer or ther-
mometer proportional to such change." He further states:

"With instruments of the potentiometer type, no error results
from the above sources excepting a small one arising from
change in sensitivity of the instrument due to a change in
resistance of the circuit"-which he explains, with doubling
the resistance of the circuit, might cause an error of 1 deg.
cent. Mr. Smith further adds

"On the other hand, a millivoltmeter would show an error
at say 100 deg. cent. of nearly 50 deg. cent. and that this source
of error is not readily determined with a millivoltmeter unless
the whole be checked at some known temperature."

In making a comparison of the errors encountered in using
a millivoltmeter pyrometer as compared to a potentiometer
pyrometer, under conditions wherein a thermocouple circuit
resistance is doubled, it is, of course, necessary to compare on
the basis of the same thermocouple circuit conditions for each
meter. 

In the ea*, of a millivoltnititer pryometer normally of uln,itt
(1(X) ohms resistants(' amid used with it thermocouple circuit of,
say, one ohm resistance, it would iii necessary for the therniii-
oinipli circuit to be iticreithiit to 1100 ()bum 111 order to halve
dullcetiou of the millivoltineter pyrinnetir.

For comparison, in the case of u potentiometer pryiiiiiiittir,
the sane t litirmocou phi oireuil conditions iti ust necessarily
exist. In other words, the saute change from 0110 011111 to 11(X)
ohms take place. Mr. Smith, in his paper, states Oita an
uncertainty of 3,:e deg. cent. normally exists. Ile then states
that by reason of the circuit resistance being doubled, the
uncertainty in reading becomes I deg. cent. instead of deg.

cent. This is not possible under the conditions encountered
in the usual potentiometer furnished for such measurements.
The slide wire resistance of such a potentiometer is nornuilly
approximately 30 ohms and the galvanometer resistance is

approximately 20 ohms. It is therefore apparent that a change
in the resistance from one ohm to 600 ohms in the couple circuit
would far more than double the uncertainty existing in mea-
suring with a potentiometer. Since the total circuit resistance
increases front approximately 51 ohms to 651 ohms, it is evident
that the uncertainty of measurement must increase in ratio of
the resistance. In other words, the uncertainty of the balance
will then be 13 times as great as originally, thus amounting to
approximately 6% dog cent., instead of 1 deg. cent. claimed
by Mr. Smith. From this it is apparent that the comparison
as made is incorrect, in that the same condition of thermocouple
circuits have not been applied in making the comparison.

The only condition under which the comparison as stated
would be substantially correct, is to assume that the thermo-
couple circuit, as referred to by Mr. Smith, applies only to the
external circuit, including the thermocouple and its lead wires.

The average millivoltmeter pyrometer of today, put out by
the majority of manufacturers, has an internal resistance of
some 600 ohms. I have seen an instrument made by one of
our competitors having a resistance of 1200 ohms and we
frequently build instruments of this resistance ourselves, but
to take an average condition, we can assume 600 ohms for the
instrument.

A thermocouple most commonly used, 36 in. long, with 15
ft. of extension leads to convey the cold junction from the
thermocouple to the instrument, has a resistance of 34 of an
ohm. Lengthening the extension leads from 15 to 30 ft. and
increasing the thermocouple from 3 to 6 ft. long, would double
the resistance of this circuit and would produce an error of only
1.3 deg. cent. in the readings of an instrument graduated, for
example, to 1000 deg. cent. This is equivalent to only 0.13 of
1 per cent error (instead of nearly 50 per cent claimed by Mr.
Smith.)

It is misleading to have a statement appear broadly implying
that a millivoltmeter pyrometer would show an error at, say,
100 deg. cent. of nearly 50 deg. cent. on account of doubling
the thermocouple circuit resistance.

The variation in temperature of the lead wires, referred to
by Mr. Smith, will also produce exceedingly small errors in a
modern millivoltmeter pyrometer. Assuming a length of
lead wire of 100 ft., the change in resistance due to a change
in temperature of 100 deg. cent, will amount to 0.1 ohm in a
circuit of 600 ohms, or about 0.02 per cent. On a pyrometer
reading to 1000 deg. cent. the error would amount to only 0.2
deg. cent. It is quite evident, therefore, that errors in a high
resistance millivoltmeter, due to lead wire changes in tempera-
ture, are immaterial.

The only remaining possible cause for change in resistance in
a millivoltmeter pyrometer, is the change produced by oxi-
dation of the thermocouple. Claim is made that oxidation of
the thermocouple results in an increase of thermocouple re-
sistance, thus affecting the millivoltmeter pyrometer and not
the potentiometer. The truth of the matter is that resistance
errors due to oxidation are exceedingly small. Before the
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deterioration of a thermocouple can be carried to such an extent
that the resistance errors are appreciable, the e.m.f. of a ther-
mocouple changes so badly as to render the thermocouple
useless for measurements either with a potentiometer or a
millivoltmeter.

 When we compare the relative merits of the millivoltmeter
and potentiometer for temperature measurements, let us not
take for comparison a type of millivoltmeter which is not pro-
duced and compare it with a standard potentiometer.

I recognize the valuable features in both instruments-the
millivoltmeter for its simplicity, the ease with which an un-
skilled operator can use it, its absence from standard cells,
dry batteries and slide wires required in the potentiometer.

In the potentiometer I recognize its valuable feature in the
entire absence, for practical purposes, of any errors due to changes
in circuit resistance, and its value for extremely accurate mea-
surements of temperature. Both types of instruments have
their field and both have many valuable features.

I. B. Smith: The calculations made by Mr. Brown and
myself may be carried out in a variety of ways. It seems
hardly worth while, however, to go into details since Mr. Brown
and myself appear to be in agreement as evidenced by his last
remark, that one valuable feature of the potentiometer is "the
entire absence for practical purposes, of any errors due to changes
in circuit resistance."

VOLT-AMPERE METERS*
(FRYER), NEW YORK, N. Y., FEBRUARY, 16, 1923

P. A. Borden: I am pleased to see Mr. Fryer's reference
to the advances which have been made in the use of volt-ampere
meters in Canada, with particular reference to the Lincoln
instrument. The Hydro -Electric Power Commission of Ontario,
with which I am connected, is probably the largest user of the
Lincoln meter, either with or without the so-called V.A.D.
transformer. The Commission and the 300 municipalities to
which it supplies power for resale use a large percentage of the
number of these meters manufactured in Canada, and I may
say that both those who sell and those who buy power as metered
by this method seem satisfied with the principle as well as with
its practical working out.

The combination meter, to which Mr. Fryer has referred as
being developed by the Sangamo Company in conjunction with
the Lincoln Company is, to date, I believe, a wholly Canadian
product. A sample of this device is at present undergoing
tests in the Commission's Laboratories. It combines a poly-
phase watthour meter and a Lincoln demand element, phase
shifting for the latter being arranged for three different ranges
of power factors, covering everything from about 40 per cent
to unity with a theoretical error of less than 2 per cent. In
this meter no attempt is made to integrate the volt-amperes.
The integration is performed solely on a watt basis; while demand
may be determined on either a watt or a volt-ampere basis,
as desired.

A brief description of an ingenious volt-ampere meter devel-
oped some years ago by Mr. H. S. Baker may here be of interest.
In some points this meter is not unlike the present volt-ampere
meter produced by the Esterline Company, but it was in regular
use some years before anything was published in regard to the
latter instrument. Referring to Fig. 1, (which for purposes
of clearness is shown as for a two-phase circuit,) we have first
an element, consisting of the fixed coils, 1,1, and 2,2, together
with the movable coils 3 and 4, thus constituting a power -
factor meter. The rotatable element is normally in neutral
equilibrium, and, consisting, as it does, of a polyphase winding
in a polyphase field, will tend to take a position about its axis,
representing the power -factor of the circuit, according to the
"Second Definition" of the Institute.
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The moving part, however, has another function. It will be
noted that the equatorial plane of this part does not coincide
with that of the fixed part, and that the moving part is free,
not only to rotate about its axis but to shift in the direction of
that axis. It may easily be worked out that, the element
having rotated into the position which represents the power
factor of the load, the vertical thrust on the shaft will represent
the value of the volt-amperes.

As shown in the diagram, this thrust is balanced by a counter-
weight on a scale beam. In actual practise the beam carries
contacts, which, through a relay mechanism, similar to that of
the Westinghouse graphic instrument, produce an indication
on a scale or chart. At the same time, by attaching a pointer
to the moving element it is possible to directly read the power
factor on a horizontal scale concentric with its axis. And if
the moving element be locked from rotating, in the position
corresponding to any chosen power factor, the instrument reads
volt-amperes at that power factor; so that if it be locked
in the unity position the device becomes a wattmeter. This
scheme has been in use on the circuits of the Ontario Power
Company since 1917, measuring some very important loads,
and has proved of great value.

Phase A

Generator

Phase B

1

2 2

Q 0
Load B

Load A

/ I " " I
0 50

FIG. 1

100 150

Charles L. Fortescue: An accurate volt-ampere meter
is very necessary for the actual determination of unbalanced
factor; and I have been watching this development of volt-
ampere meters with a great deal of appreciation.

I think that the balance method of measuring power, the
balance factor will require a simpler device than volt-amperes
on a polyphase circuit, as measured in the ordinary way, so
that ought to help a little bit.

R. C. Fryer: I think the conclusions that might be drawn
are these: That considerable progress has been made in the
solving of the relation of power factor to the rate question.
That considerable progress is being made towards the correction
of poor power factors, and that the metering engineers in the
industry stand prepared to offer practically any device that is
desired for the measurement of volt amperes, whether it is taken
by the first or second definition. The actual placing of the
apparatus in use is now taking place. Several companies are
actually using kv-a. meters in their billing department. We
will have to recognize the fact, of course, that the practise will
not, for a long time, become general. The reason I think is
this: That a great many contracts are made on a five or ten-
year basis, especially for the interchange of power. The result
is that these contracts must run their life, before they can be
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changed, and those that are in a position to change contracts
now are so doing. Canada, it seems for some reason, has been
a little bit more forward than the United States, in this direction
at least.

MEASUREMENT OF TRANSIENTS*
(TERMAN), NEW YORK, N. Y., FEBRUARY 16, 1923.

E. E. F. Creighton: We have had so much difficulty with
large spark lags in vacuums that I should like to ask Mr. Terman
a question about his measurements. We have found in all
sorts of vacuums a considerable dielectric spark lag and he
has, I know, tested this with an oscillator where the duration
of discharges can be expressed in thousandths of a second. But
I should like to know if he has tried out the spark lag, using.
a frequency say of about five million cycles per second, and
a single discharge.

F. S. Dellenbaugh, Jr.: Mr. Terman's device for mea-
suring transients should prove a very valuable addition to the
instruments for measuring electric conditions which exist for
extremely small periods of time. In the Massachusetts Insti-
tute of Technology Research Laboratory a good deal of work is
being done investigating transient conditions upon smooth
artifical transmission lines. If the artificial line, or any line for
that matter, is long, the duration of the transient occupies
sufficient time to be measured by an oscillograph with a vacuum
tube repeater where drawing power would distort the conditions.
However, a great many cases arise where short lines with ex-
tremely rapid transient oscillations require investigation.
Usually the maximum voltage is the point of most interest as
one of the chief dangers of transients lies in the rupture of
insulation. For this type of investigation the Terman crest
meter is ideal. Under those conditions it would also appear
possible to use an instrument such as the Compton electrometer
instead of the goldleaf electroscope which would somewhat in-
crease the accuracy of the readings providing the transient
existed for a long enough time to charge the electrometer.

In Figs. 2 and 3 -of Mr. Terman's paper he shows the crest
meter connected to an inductance in case B. This would not
always give the steepness of the wave front, since the penetra-
tion of a wave into the inductance depends upon the distributed
capacity present. If the inductance were free from distributed
capacity then a vertical wave front would be completely reflected
and the crest meter would show no reading at all, while the
rate of change of current immediately adjacent to the inductance
would be really infinite.

F. E. Terman: Intergrity . tests of the transient crest
voltmeter under severe laboratory conditions have given no
indications of a dielectric lag which Mr. preighton refers to as
playing an important part in many vacuum discharges. Con-
sidering the mechanism of current flow in a vacuum tube it
is evident that the conditions are hardly comparable to those
involving a spark. The ever present electrons surrounding
the filament begin to move as soon as the electrostatic field
is established between filament and plate. This occurs with
the velocity of light, making the only lag that arising from the
time required by the electron in its travel to the plate, which
a short computation shows to be entirely negligible, even for
frequencies in the order of many millions.

Certain experimental results verify this reasoning. Thus
with the transients referred to in connection with Fig. 8, which
were in the order of tens of millions of cycles per second, it was
found that when the filament temperature was sufficiently low
the electroscope was unable to charge fully on one transient, in
contrast with the result accompanying high filament emissions.
All evidence obtained pointed to limitations in space charges as
the important factor governing speed of operation. Some other
experiments not described here, in which travelling waves on a
twenty foot pipe were partially reflected by a water column
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potentiometer gave results for the voltage at the water column
which indicated that the crestmeter indications were reliable
under these conditions.

Prof. Dellenbaugh points out an important fact that is too
frequently overlooked. Where nearly vertical wave fronts
exist, reflections, inductance, and minute amounts of distributed
capacitance take on exaggerated importance compared with
their effects under the more usual conditions. All results
given by the crest meter under these conditions must be in-
terpreted accordingly. Where vertical wave fronts are present
this is a difficult task, but in the more usual case where
the wave front has been rounded off the crest meter is still
serviceable.

BALANCE METHODS IN ALTERNATING -CURRENT
MEASUREMENT*

(BORDEN), NEW YORK, N. Y., FEBRUARY 16, 1923
C. L. Fortescue: This question of Null measurement is

one that has been discussed in the Institute in the past quite a
good deal. I think that Null methods of calibrating current
transformers are in general use now. We ourselves have used
a method of calibrating current transformers which was described
by me in the Institute JOURNAL some time ago, in which variable
mutual inductances were used. At that time we used d'Arson-
val portable type galvanometer, and a synchronous contactor.
This method was quite satisfactory so long as the contactor was
properly maintained; but as we were using this apparatus right
on our test floor, with green operators from time to time, who had
to be trained to use the device, it was difficult to get them
familiar enough with it to be able to tell when it was working
properly, and the results were sometimes erratic.

We therefore changed over from the D'Arsonval instrument
and synchronous contactor and used instead a dynamometer
type instrument, which was excited from a synchronously driven
motor -generator set through a phase -shifter. This could be
adjusted to give maximum sensitivities for a change in e. m. f.
in quadrature to the current or a change of e. m. f. in phase with
the current. Thus we had two sensitive positions, and in ad-
justing our circuit, so as to get zero reading we alternated these
two positions making the necessary adjustments until zero read-
ing was obtained.

Now, this hetero-galvanometer or hetero-dynamometer
scheme passes through both those positions during the cycle,
and instead of getting steady measurement to be reduced to
zero, we get slow -cyclic measurement to be reduced to zero, so
that it amounts to the same thing, but the method used by us is
much quicker and simpler to adjust.

However, Mr. Chubb and I made use of this method of a com-
mutator driven at slightly below synchronous speed, a number of
years ago, in connection with the calibration of the sphere -gap
voltmeter and we found it quite effective. Of course, we were
not using it with a Null method, but for direct measurement of
crest voltage.

We are using the Null method device which I have described
for calibrating current transformers right in our transformer test
floor and we have very little trouble now. We are able to detect
differences down to a small fraction of a micro -ampere.

I. M. Stein: Mr. Borden has stated that a -c. instruments are
of inherently lower sensitivity than those for direct current. I be-
lieve that the lower sensitivity to which he refers is not inherent
but is brought about by the conditions imposed by the use of
the instruments. If the conditions are such that an iron -core -
electrodynamometer can be used you can obtain as good sen-
sitivity with an a -c. instrument as you can with the best d -e.
instruments.

On page 36, Mr. Borden indicates that high sensitivity in-
struments having permanent magnets are not directly applic-
able. I do not believe that he intends to exclude the vibration

*A. I. E. E. JOURNAL, 1923, Vol. XLII, January, p. 35.
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galvanometer because this instrument is mentioned later on
but from the statements made one would be led to believe that
vibration galvanometers were not made with permanent mag-
nets. Where the vibration galvanometer is mentioned, the
paper states that the vibration galvanometer "is undoubtedly
the most sensitive detector" for such work. This is not true
because the iron -core electrodynamometer is capable of much
greater sensitivity. However, the vibration galvanometer is an
excellent instrument for such work and is of particular value in
exploring the circuits for stray field effects before starting mea-
surements. In d -c. measurements it is usually satisfactory to
shield the measuring instrument from stray fields but in a -c.
measurements it is necessary to shield the whole circuit. The
fact that the vibration galvanometer responds to all currents of
the fundamental frequency regardless of phase relations makes it
an ideal instrument for preliminary stray field explorations.

I do not agree with Mr. Borden that the use of the separately
excited dynamometer is "slow and cumbersome." That is a
matter which depends very largely upon the design of the instru-
ment and its accessories; when properly designed and applied.
The use of the separately excited dynamometer is very rapid
and convenient.

Referring to the asynchronous commutator and galvanometer
to which Mr. Borden has given some new names, I do not be-
lieve that the device can be called new. An instrument using this
principle and called the "Ondograph" has been in use for more
than 10 years. A similar arrangement for measuring a -c. wave
form was described in the Institute TRANSACTIONS several years
ago. About 3 years ago Mr. Doyle of the Electrical Testing
Laboratories described to me a device which he had built and
tried out in connection with instrument transformer testing.
This device was identical with the one which Mr. Borden de-
scribes.

Concerning a -c. opposition methods Mr. Borden has stated
that such methods are best exemplified in the Drysdale poten-
tiometer and goes on to say that this instrument is seriously
limited in its usefulness. I am afraid that nearly all a -c. measur-
ing instruments are seriously limited but that should not be
discouraging. I believe that opposition methods in a -c. work
are best exemplified by some of the very useful and convenient
methods which have been developed for a specific purpose. I
refer to the opposition methods which have been developed for
testing instrument transformers. I believe that a mistake is
often made in designing an instrument to make too many
measurements; accuracy, rapidity and convenience are thereby
sacrificed. Concerning the use of the word "Null" I cannot agree
with the definition which Mr. Borden has given. A "Null
method" is defined in Funk and Wagnall Dictionary as follows:

Null Method: "A method of measurement in which the thing
to be observed is not the degree or extent of a thing but merely
whether the thing occurs at all, as when the equality of an
electrical resistance, with another against which it is balanced, is
indicated by the absence of deflection of a galvanometer needle."

I should not consider this source of information a final author-
ity on such matters except that the definition expresses very
clearly the generally accepted idea.

There is one point in Mr. Borden's paper which is not
brought out as clearly as it deserves to be. This point is
in connection with the arrangement shown in Fig. 4. While I
do not agree that this arrangement should be called a null
method, I believe that the circuit has considerable merit, at
least for certain kinds of measurements.

If my interpretation of Fig. 4 is correct, the outstanding
advantage of this circuit is that the current in which you are
interested can be measured without materially impeding its
flow. When the adjustments are made so that a balance ob-
tains, it would appear that the only impedance to the flow of the
current is the resistance of the secondary winding.

In measuring small alternating currents, the resistance of this

winding would probably be very much lower than the impedance
of any instrument winding which you would have to insert in
order to obtain the desired sensitivity.

If the circuits in which the current is to be measured were
located some distance from where the measurements are to be
made, then by placing the ring at the remote point, the im-
pedance of the lead wires between the two locations would be
eliminated. Of course, it would be necessary to run four wires
instead of two, but in many cases there would be no objection
to this, and the elimination of the impedance of the lead wires
would be a distinct gain.

H. B. Brooks: Mr. Borden's paper is one of a number of
evidences of the great potential usefulness of the potentiometer
or balance principle, and it reminds us of the fact, often over-
looked, that deflection instruments disturb conditions in the
circuit to which they are applied.

In using the two -element wattmeter as suggested by Mr.
Borden, it should be kept in mind that the two elements are in
general not exactly balanced and that the amount and sign of the
unbalance differ from point to point over the scale. For careful
work the amount and direction of unbalance at the zero point
should be determined, and a suitable correction applied.

Chester L. Dawes: Mr. Borden mentions the Drysdale
potentiometer as illustrative of one of the null methods. At
Harvard University, we require of each senior electrical engi-
neering student four or five experiments involving the use of this
apparatus, and we find it highly satisfactory. It requires per-
haps two experiments to give the students skill and confidence
in the manipulation of the apparatus. Two, and sometimes
three experiments are given in which the students measure the
current and voltage relations along artificial lines. As a rule, we
use a Campbell bifilar vibration galvanometer as a detector, since
it is not affected by stray fields as is the Tinsley magnetic -vane
type. I have found that after some practise in the manipulation
of the apparatus, balances can be rapidly and accurately made,
provided the frequency and voltage are maintained constant.
Our power is supplied by a 12 kv-a. alternator, driven by a 20

h. p. d -c. motor. Since we are able to control the field current of
either machine from any laboratory, we have little difficulty with
variations of frequency or voltage.

I have also used this potentiometer in the investigation of
losses occurring in the leads, bus -bars, and adjacent iron sup-
ports of large brass furnaces. The potentiometer was set up in a
small laboratory adjacent to the furnace room in a large manu-
facturing establishment. The commercial, 60 -cycle power
system was used for supply. Currents as high as 5000 amperes
were involved, and e. m. fs. of the order of a few millivolts were
measured. Balances could usually be obtained rapidly and
accurately, even under these commercial conditions. Twice
during those times when the main power plant was not in opera-
tion, and a small, lightly -loaded, turbo -alternator was carrying
the load, some difficulty was experienced in obtaining balances,
owing to the slight hunting of the turbine. The fact that the
governor was not holding the turbine speed absolutely constant
was not appreciated at the power plant until this time.

From my own personal experience, I feel that this type of
potentiometer is very useful, and in many cases may be adapted
to commercial measurements. Personally, I prefer the simple,
vibrating galvanometer to the "heterogalvanometer" method
described by Mr. Borden, since the asynchronous contactor adds
considerably to the complication of the apparatus.

There is another type of a -c. potentiometer, called the rect-
angular' or two-dimensional potentiometer, which perhaps is not
so well known as the Drysdale, because it has not been generally

1. "Alternating -Current, Planevector, Potentiometer Measurements
at Telephonic Frequencies," Kennelly & Volander, Proc. Ant. Phil. Soc.,
Vol. 58, April 1919, pp. 97-132.

"A Rectangular -Component, Two -Dimensional, Alternating -Current
Potentiometer," Kennelly & Velander, JOURNAL, Franklin Institute, July,
1919.
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described in textbooks and engineering literature. A simple
diagram is shown in Fig. 1.

R is a non -inductive potentiometer wire, which may be sub-
divided by any of the various methods employed with d -o. poten-
tiometers. The working current i is maintained at its correct
value by a rheostat, r, this current being measured by some type
of n -c. milliammeter A. This milliammeter is preferably of the
dynamometer type, since this type may be calibrated with a
standard cell, using reversed d -c. readings. We have also
found a vacuum thermocouple, used in conjunction with a d -c.
milliannoter, very satisfactory. A hot-wire milliammeter is
also satisfactory, if sufficient sensitivity is. obtainable. The
primary P of a mutual inductance M is connected in series with
R. D is a detector. The component of the unknown e. m. f.,
which is in phase with i, is balanced along the resistance R:
The component which is in quadrature with i is balanced by an
e. m. f. M w i supplied by the secondary of the mutual induct-
ance At (w = 2 it f), where f is the frequency in cycles per second.
The unknown e. m. f. is therefore determined as two quadrature
components, one along the axis of reals and the other along the
axis of imaginaries. By using a reversing switch and positive
and negative values of M, e. m. fs in any of the four quadrants
may be measured. This type of apparatus is simple, does not
require a phase -shifter, and may be made of apparatus usually
to be found in the measuring -laboratory equipment.

I have found many instances where mutual inductances may be
used for making e. m. f. measurements by null methods.

I have also used the separately -excited dynamometer as a
detector. Instead of obtaining two balances, one with the
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M
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Transformer

dynamometer across one phase of a polyphase system, and then
across another phase, I have excited the dynamometer from the
secondary of a small phase -shifter. In using a separately -excited
dynamometer, one or two precautions are necessary. If the
moving coil has a metal bobbin, and its plane does not coincide
with the direction of the magnetic field, the induced currents in
the metal will cause deflection, even though the moving coil is
open -circuited. Even with a non -conducting bobbin, this same
effect may occur, but to a lesser degree, due to the fact that a
current flows in the moving coil windings, because of the capaci-
tance between turns. Therefore, care must be taken when using
this type of detector.

I have also used a Drysdale' polyphase phase -shifter to supply
the current to the Drysdale potentiometer. This phase -shifter
does not differ in principle from that described by Mr. Borden.
It is more satisfactory than the phase -shifter supplied with the
potentiometer, since the rather tedious task of splitting the phase
accurately is eliminated, and also it is independent of the
frequency.

I have used rotating synchronous contactors of the commutat-
ing type, and in one or two cases have experienced difficulty due
to frictional electricity being generated. For this reason, I have
found that contacts which are opened and closed synchronously
by some type of cam are more satisfactory.

I have not as yet had an opportunity to test Mr. Borden's
heterodyne methods, and therefore cannot compare them with
the methods which I have just described. Undoubtedly when
there are slight but continuing fluctuations of voltage and

2. "Electrical Measurements.' F. A. Laws, page 502.

frequency, more rapid balances can be obtained by the heter-
odyne method.

E. H. Hoyle: Referring to Mr. Borden's papa r (Fig. 8). it
would appear to me that this is by no 1111,111114 a Hall or oven a
semi -null method. Every instrument there shows a deflection.
With regard to the accuracy with which the checking can he
done, one has the observational errors in both meters, A and II,
and the only purpose that motor C' can serve, is to read the dif-
ference between A and B when they are brought to a common
indication. Of course, a meter can be held on u point with much
greater accuracy than an observation can be made in between the
cardinal points.

Referring to Fig. 9, the same observational error comes in as in
Fig. 8. However, if the polyphase meter A were provided with
a very weak suspension, that is, weak compared to the torques
of the two elements, you may obtain very great sensitivity.
We have applied this particular principle to a double dynamo-
meter of the reflecting type, for comparing arc. voltages with each
other. We have an instrument which we built ourselves, and
which enables us to compare arc. voltages with an error of less
than two -hundredths per cent. This is done with a meter which
is only consuming about one -fifth of a watt. This particular
type of double dynamometer is also available for making com-
parisons between alternating and direct currents, and may also
be used for a number of other purposes, such as measuring an
impedance in terms of a pure resistance, by connecting one ele-
ment first across the resistance and then across the impedance.

Now with regard to detectors, we have had very satisfactory
results from a synchronous rectifier and d -c. galvanometer.
The rectifier we are now using has brass segments and butt
copper brushes. When it is lubricated rather freely with ordi-
nary machine oil we have no trouble at all from thermal e. m. fs., or
bad contacts. We have also provided two sets of d -c. brushes,
and a double throw switch, we can quickly throw from a position
where we are sensitive in -phase voltages, to the reactive posi-
tion and vice versa thereby making it much more convenient
from the operating standpoint.

One other point which I would like to bring up in connection
with the various methods of detection is the influence of har-
monics in the wave or the particular apparatus. Of course, the
vibration galvanometer is sensitive only to the fundamental
frequency. The rectifier has a greater sensitivity for fundamen-
tal frequency, but any harmonics in the wave, will be detected
to a greater or less extent, depending on the phase of rectifica-
tion, and also on the order of the harmonic.

At a maximum the third harmonic will influence the galvano-
meter to one-third of its value; because in rectifying two of the
loops will balance out, leaving only the third. In a similar way,
the fifth harmonic will appear only to one -fifth of its value and
so on. The double dynamometer, which has its two elements
entirely separate from each other is affected only by the effective
value of the wave irrespective of any harmonics which may be
present.

P. A. Borden: Both Mr. Fortescue and Mr. Stein have
compared the use of the synchronous with the asynchronous
dynamometer, the latter gentleman being inclined to differ from
my statement that the synchronous use of the instrument was
"slow and cumbersome," as compared with the other. I have
made many tests using the electrodynamometer in arc. work,
both the indicating type, having about the sensitivity of an
ordinary wattmeter, and the reflecting type with a sensitivity
comparable to that of a d'Arsonval galvanometer. In these
tests I have found I think I may safely say, without exception
that the slow swing introduced by asynchronous excitation is
much easier to reduce to zero than the two separate deflections
necessary where excitation is derived from the same source
as the test. This, of course, may lie partly in the accessory
equipment used; and I may here say that practically all the
apparatus employed in the work described in my paper is that
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intended for general use in a laboratory called upon to perform
an immense variety rather than a great volume of tests, so that
the primary object in the equipment is flexibility rather than
specialized fitness for one type of test.

I am pleased to learn that use has been made of the asyn-
chronous commutator in conjunction with a galvanometer.
Upon trying this scheme, I was surprised that anything of such
evident usefulness had not previously been employed; but being
unable to find any published record of its use, by Mr. Fortescue
or others, I was forced to refer to my own development of the
idea.

Mr. Stein has taken issue with my statement that a -c. instru-
ments are of inherently lower sensitivity than direct, and states
that if you can use iron in an a -c. instrument you can get the
same degree of sensitivity as in a direct. You can, if you can
use iron; but conditions are unfortunately such that the use of
iron is generally out of the question. Again, on reading the
context, as it appears in the first paragraph of my paper, I think
it will be quite evident that I was here referring to indicating
instruments rather than to detectors as used in balance work;
and it is a well known fact that even the best makers have not
attempted to market a -c. instruments which for smallness
of energy consumption could compare with instruments of
the permanent -magnet moving -coil type. In the use of

an instrument of the electrodynamic type, incorporating iron
in its magnetic circuit, my experience is confined to a certain type
of a -c. galvanometer, in which I found that before the damping
resistance could be reduced to a value to cut out swinging on
25 -cycle work, the circulating currents in this circuit, due to
e. m. fs. set up in the moving coil completely obliterated the
quantities under investigation. In my opinion, it would have
been necessary in this case to fit the instrument with a torsion
head and make all observations with the moving coil in the
position of zero mutual induction with the field.

I think I may be pardoned for having overlooked the Hospi-
talier Ondograph as an instrument making use of the asynchro-
nous commutator, in view of the fact that the use of that device
as a wave tracer is so radically different from my application of
the principle as a voltage detector that I had neglected to associ-
ate the two ideas. As to the use of the word "Null" in my work,
I am quite ready to yield the point to Mr. Stein; and if my usage
is not in strict accord with the dictionary definition of the word,
admit the fact that I sought no higher authority than the gener-
.ally accepted technical works and writers. As to whether in the
particular instance to which Mr. Stein refers, I have properly
classified the test under the heading of "Null," I leave to those
interested, to decide. And at the same time I thank Mr. Stein
for pointing out the wide uses to which may be put the circuit
shown in Fig. 4.

I wish to thank Mr. Brooki for calling attention to the fact
that the elements of a polyphase wattmeter may not be in exact
balance, at zero or at other points of the scale; and while this
was recognized by the writer, it is well to repeat that in tests of
this class it is assumed that a high grade instrument is used, in
which this unbalance is very small. At the same time; as the
deflection of the wattmeter is .by the method used reduced to
zero, it is usually sufficient that the strengths of the respective
elements be equal only at the zero point.

Mr. Doyle has called attention to the possibility of observa-
tional errors in the additional meter used in the calibration
described in Fig. 8. True, the error of the instrument C, as well
as that of A comes in, but in a negligible degree. In the first
place, A, the standard is read when indicating on a cardinal point,
which is much more definite than the interpolation which would
ordinarily be necessary. At the same time, this would usually
be a point whereon the accuracy of the standard was determined
in comparison with a primary standard. In the second place
any error in the calibration of C, appearing as an error in the
error, would be of the second order of magnitude, and hence

usually negligible. The possibility of observational errors, too,
is much reduced; for once a setting has been obtained, it may
be maintained indefinitely until the tester is assured that the
principal meters are in agreement on the point at which the
observation Js being made after which he may read the error, as
indicated on C, at his leisure. What I have said in regard to
observational errors in this test applies equally to Mr. Doyle's
comment upon similar errors in the transformer test in Fig. 9,
with the additional feature that the wattmeter when finally
balanced. is read only upon the zero point of the scale. A two -
element meter with a weak spring would, without doubt, greatly
increase the sensitivity of this test; but I have found the ordi-
nary type of polyphase instrument, when used on the zero -
deflection principle, to have sufficient sensitivity to prove itself
of great value in this work.

In demonstrating this method of efficiency determination, I
have often made use of a small motor -generator set, driven from
a d -c. supply, and giving a single phase output. Such a set
has, of course, comparatively large losses; and when the output
and input are opposed in a two -element wattmeter, the con-
venience of the method becomes very evident. This method is
particularly useful in determining the efficiency of single-phase
rectifiers, and does away with much controversy as to the type of
instruments used in the measurement of the rectified output.

MOTIVE POWER IN MEXICO
GOVERNMENT COMMISSION TO ORGANIZE

COMMERCIAL EXPLOITATION OF COUNTRY'S
NATURAL RESOURCES IN WATER AND FUEL

The Mexican Government according to a report to
the Department of Commerce from Trade Com-
missioner H. B. MacKenzie, has announced the organ-
ization of a National Commission of Motive Power,
(Comision Nacional de Fuerza Motriz), for the
organization, development, planning and supervision
of the commercial exploitation of the natural power
resources of the Republic. Studies will be made of the
legislation in other countries relative to the develop-
ments of hyroelectric power, and the generation and
sale of electrical energy.

The commission's program includes advising the
government which bodies of water should be withheld
from power exploitation division of the principal rivers
of the country into sections according to their respec-
tive possibilities for power or irrigation development;
revision of the Federal or local tax laws which may hin-
der the establishment and operation of hydroelectric
plants; study of the advisability of abolishing or modi-
fying the present Federal tax on water concessions;
study of the desirability of preserving, restricting or
extending the privileges generally granted to power
companies; assistance to power companies in obtaining
subventions from the government when it is considered
that these are for public interest; and the study, in
cooperation with local authorities, of the desirability
of electrifying certain railroad and street car lines.

It is planned also -to exercise control and supervision
over hydroelectric plants already functioning with a
view to possibly revising the privileges which author-
ized the establishment of these plants. Similar plans
will probably be developed where the energy is gener-
ated from sources other than hydraulic.



The Production of Porcelain for Electrical Insulation -V
BY FRANK H. RIDDLE

Champion Porcelain Company, Jeffery- Dewitt Insulator Company

Review of the Subject.-Forming the plastic clay body into
the finished insulator shape prior to the firing to vitrification is of
great importance. Among the methods used to accomplish this are:

1. Dust or Semi -dry Pressing
2. Plastic Forming
S. Casting.
Dust pressed insulators are used chiefly in low-tension work.

The prepared plastic body is dried out, dampened with a definite
amount of water, pulverized and pressed in steel molds. The dens-
ity of this product is not so great as that made in other ways, but
accurately sized, difficult shapes can be made.

Turning from pugged blanks, throwing and jiggering are pro-
cesses in which the body is roughly shaped while in the plastic con-
dition, and might be termed "plastic forming." Pieces formed this
way are trued up or fettled while still damp but stiff enough to hold
their shape.

The most common method of shaping thin -walled insulators is
with a hot press die. Here the plaster of paris mold, having the
shape of the outside or top of the insulator, is placed on a horizon-
tally revolving wheel, the plastic clay body being placed in the mold
and carefully pressed down so as to conform with the mold. A
heated metal part is forced down onto the clay in the revolving mold,
and shapes the spiiming clay into proper form for the bottom of the

insulator. The hot metal causes steam to be formed from the water
in the plastic clay body, and this acts as a lubricant, preventing the
clay from tearing, and also making it possible to form extremely
thin petticoats or walls.

Casting is done by preparing the clay body with sufficient water
and electrolytes to form a liquid (slip). This is poured into dry
plaster of paris molds of proper shape. The plaster absorbs water
from the clay, and allows it to stiffen and become firm enough to be
handled when the mold is removed after a proper period of time.
Properly prepared slip has no more water (hence no more shrink-
age) than plastic body. Pouring in the liquid condition makes it
possible to form heavy pieces comparatively free from strains.

CONTENTS
Review of the Subject. (350 w.)
Forming. (65 w.)
1. Dry or Semi-Dry:Premed Ware. (175 w.)
Turning from Pugged Blanks, Throwing and Jiggering. (20 w.)
Casting. (475 w.)
Turning from Pugged Blanks. (300 w.)
Throwing. (90 w.)
Jiggering. (165 w.)
Hot Press Dies. (155 w.)
Casting. (450 w.)
Drying. (350 w.)
Glazing. (1100 w.)

FORMING

THERE are several methods of forming the body.
The best one to use depends not only upon the
working qualities of the body but also upon the

character of the finished product. Each method
requires a different way of preparing the body, but
the various methods need only be mentioned briefly
.as the previous descriptions of the different operations
cover the details.

1. Dry or Semi -Dry Pressed Ware. Filter press
cakes are dried out, then broken up into lumps by
passing them through coarse rolls. The dry lumps
are sprinkled with a definite amount of water (10 to
15 per cent), allowed to stand for 24 hours in a damp
room to equalize the moisture content, and finally
run through a disintegrator. This machine, which
has a rapidly revolving set of hammer -shaped arms,
disintegrates the slightly moist body by impact and
pulverizes it sufficiently to pass through a 20 -mesh
screen. It is then in condition that when pressed
tightly in the hand it will retain its shape. This
"dust" when pressed in metal molds can be made
into many complicated shapes, largely used in low-
tension work such as switches, fuse plug boards,
lamp sockets and the like. In spite of the fact that
a high density may be obtained by this process, the
pressed mass is lacking in the ultimate cohesion of
the particles, so that large amounts of plastic clay and
of fluxes must be used.

Turning From Pugged Blanks,Throwing and Jiggering
are all executed on the body as prepared by the pug

Casting. There are two general methods for prepar-
ing body for casting. In the first method the filter
press cakes, while still wet, are placed in a blunger

FIG. 21
Dry or semi -dry pressed ware is formed in a heavy screw press. The

clay body is prepared in granular form, with just sufficient moisture to
make the loose particles adhere to one another when placed under pressure.

with just sufficient water to yield the proper specific
mill. gravity of the final slip, together with small amounts

858
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of electrolytes, usually sodium silicate and sodium
carbonate. The latter are added to produce a slip
having a degree of fluidity which will make it the most
workable under the particular conditions desired.

The above method necessitates several extra opera-
tions which are eliminated in a second alternate
procedure. Here a grinding charge is prepared and
ground in the ball mill as usual, and with the clays
there are added the electrolytes, so that thorough
mixing is obtained. This produces a rather thick,
stringy slip, but it is surprising how readily it will
pass through a lawn. This slip is then stored in tanks,
checked, corrected for specific gravity and fluidity
if necessary, and held for use. The first method
is preferable for casting exceedingly fine ware with
thin walls or where a very high specific gravity is

required. The second method should not be employed

Flo. 22
Turning an insulator from a pugged blank. This blank has been ex-

truded from a die, and after drying sufficiently to be stiff and yet easily
whittled. it is placed in a lathe, as illustrated, and shaped with a steel tool
while revolving in the chuck.

with blungers, not only on account of the inferior
mixing, but also because of the coarseness of the slip,
which would necessitate greater care in lawning.

Casting slip usually has a specific gravity ranging
from 1.7 to 1.9 and a fluidity which will permit of
easy pouring, but is not great enough to permit the
heavier particles to settle out.

The following values apply to some casting slips:

Water Content .
Specific Gravity
Viscosity
Per Cent Silicates required . .

Max. Min.

35 per cent 30 per cent
1.7 1.9

110 seconds 85 seconds
0.02 per cent 0.05 per cent

The reason for using electrolytes or salts in casting
slips is that they make it possible to produce a mixture
in which the water content is exceedingly low, in fact

so low that if the salts were not present the mass
would not even pour. It is well known that any wet
clay body will shrink, the shrinkage varying practically
in proportion to the water content. It is obvious,
hence, that the lower the water 'content the lower
will be the shrinkage. The importance of this is

readily seen when it is realized that severe strains
may result from high shrinkage. Where all variables
are properly controlled and the shrinkage reduced to
the minimum, casting can be done very successfully.
Different ways, on account of their different colloidal
contents, are affected differently, and it is necessary
that great care be taken in the selection of the raw
materials which are used.

Turning From Pugged Blanks. There are two
methods of doing this, .i. e., when the clay is either
in the leather hard or dry condition (a water content
of 0.7 per cent). For leather hard turning the blanks
are partially dried. This used to be done rather
crudely in warm rooms, the conditions depending
entirely upon the skill of the potter. Modern proces-
sing dryers are now used which yield a much more
uniform quality of the product. As the blanks at
this stage are only partially shrunken, and the degree
of shrinking depends upon the degree of dryness, it
is evident that lack of uniformity of moisture content
will effect the size of the finished product. A piece
of clay ware is said to be in the leather hard condition
when it is possible to whittle it easily with a knife and
still have it stiff enough to retain its shape. When
in this condition the piece to be formed can be placed
in a lathe and turned in the same manner that wood
is turned. If turned by hand considerable skill and
time are required. Dry process turning is done by
revolving the piece to be turned and facing it with a
rapidly revolving grinding wheel. This process is
not generally used, as it is controlled by patents.
Its advantages are that all the drying shrinkage has
been eliminated, all pieces thus being a definite size
and only the burning shrinkage left to contend
with. The profile of the shape to be made is the
reverse of the profile of the grinding wheel and , is
retained within working limits for a considerable
time, which results in great uniformity. The dis-
advantage of this method is that the excess material
ground off is dry dust, the re -use of which presents
some unusual and difficult problems, while the shavings
from the leather hard turning can be reblunged and
worked over if not used in too great a percentage.

Throwing is the most ancient of the forming
methods, and is done on a potter's wheel. A lump of
thoroughly wedged or uniformly mixed clay of a
plastic consistency is placed in the center of the rapidly
revolving horizontal wheel and pressed down or
centered by hand into a hemisphere very much like
forming the hub of a wheel. When taus placed in the
center, the piece can be pulled up by hand (drawn)
and shaped into the desired form. This method
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requires considerable skill and is slow as compared
with modern methods.

Jiggering is a development from throwing. Here
the wheel consists of a head containing a plaster
of paris mold, and is revolved in a horizontal plane.

FIG. 23
The potters wheel. The first operation in the most ancient method of

forming pottery by throwing. is known as "centering the ball." This
method of forming not only requires great skill, but is not so rapid as more
modern methods.

The inside of the mold has the hollowed -out shape
the reverse of the outside of the piece to be jiggered.
A ball of properly pugged clay is then thrown into this
mold and pressed down by hand. The shaping is

FIG. 24
The second operation in throwing is known as the "first draw."

done by pulling down a profile, corresponding to the
shape of the inside  .of the piece, to a position fixed by
a guide. The profile cuts off the excess amount of
clay in the mold and shapes the piece. This method
is -,very good for thin walled pieces, but in forming

thick walled articles there is a tendency to drag. The
clay in the mold is revolved with the mold, and as the
tool or profile which is stationary is pressed down
into this revolving mass it will tend to draw and
retard the clay on top while that in contact with the
mold is turning. It is necessary to condition the clay
so that the chances of a strained structure are reduced
to a minimum.

Hot Press Dies are machines which have been
developed for electrical porcelain manufacture and are
particularly good where it is desired to form thin
webs which would tear if made with an ordinary
jigger tool. These dies are given the reverse shape
of the part to be formed. In the case of an ordinary
type of strain insulator made with thin walls, the
mold which revolves horizontally would be the shape
of the outside or top of the insulator, and the hot press
die would correspond to the shape of the bottom,

FIG. 25
Shaping the piece after the final draw. After the ware has dried out

sufficiently it is turned and trued up. This method is still used abroad to
some extent in the manufacture of insulators.

including not only the thin, high petticoats, but also
the threaded center hole in which the pin is fastened.
The hot die moves up and down and is heated with a
gas flame and kept at such a temperature that when
the die is brought down against the clay and mold
steam is generated and acts as a lubricant between the
die and the clay. It is surprising how thin -walled,
high petticoats can be spun by this method.

Casting has been known of and done in a small
way for many years; however, it has only been used
as a process for forming heavy insulators for the last
five or six years. The process of casting consists in
pouring the body slip into properly dried plaster
of paris molds and allowing the plaster to absorb the
water from the slip, leaving the partially dried body
hard enough to be handled. When a thin -walled piece
is being east the process is continued until a layer of
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proper thickness is formed in the mold, the remaining
liquid slip being poured out. The cast piece is then
allowed to dry and shrink free of the mold. When
heavy solid pieces are cast, as the water is absorbed
into the mold, and the slip settles down in the latter

FIG. 26
Jiggering is a semi -mechanical form of throwing. The bottom part of the

ware is formed by the plaster mold held in the revolving head. The top is
formed by the steel tool which is pushed down into the revolving clay.

FIG. 27
Forming disk insulators by the casting process. Liquid clay body

(slip) is poured into plaster of paris molds. As the dry plaster absorbs the
water from the slip more slip is poured into keep the mold filled. As the
water is absorbed from the slip the body becomes stiff enough to retain its
shape, and results in a dense, uniform product.

on account of this displacement, additional slip is
added as required until finally sufficient water is
removed so that no more settling will take place.
The piece will then harden in a solid mass. The
conditions of the mold, quality of slip, time of settling,
and the temperature of the room are all factors that
govern the success of the operation.

In casting a piece like a heavy strain type disk
insulator, the molds are filled with slip in the morning,
then refilled about three times during the day to replace
the water absorbed. The mold is arranged with a
collar or reservoir on top to allow an excess of slip
to be held each time. The pieces are then allowed
to stand over night, a slight amount of steam being
turned on to gradually warm the molds and their
contents. In the morning the top halves of the molds
are removed and the spare or collars cut off the top
of the insulators with a thin, fine wire. The pieces
are allowed to stand in this condition for another 24
hours to avoid any possible chance of the insulators,
while they might still be soft at the cores, from being
strained. Slip which has been treated with alkaline
electrolytes has the peculiar characteristic that while

FIG. 28
Cross-section of a high-tension disk insulator mold used for casting.

it may appear to have dried sufficiently to maintain
its form, vibration or continued handling will quickly
revert it so that it will not only deform but may even
become liquid again.

At the expiration of 48 hours, the insulators are
removed from the molds and placed on portable
racks which are located as near the casting benches as
possible, so as to avoid any unnecessary handling.
The ware is again held at this point for another 24
hours to be air dried before it is removed to the dryers.
In order to obviate any chances of trouble during the
air -drying, the entire casting and work room is kept
within certain temperature and humidity ranges.

Drying. The drying of clay wares, particularly large,
irregularly shaped pieces, is a very important operation,
and involves not only a thorough understanding of -
the piece, but exact control of the drying conditions
as well.

Before modern automatic drying equipment had
been developed large rooms were used, which were
maintained at normal temperatures and as free from air
currents and drafts as possible. Many weeks were
required to dry large, irregularly shaped pieces. This
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of course meant either a small production or else an
enormous amount of drying space.

The reason for the difficulty in drying clay wares
is, as previously stated, the shrinkage which occurs
as the clay body gives up its water. It is obvious
that if the evaporation is not uniform, strains are
produced which may eventually cause cracks. It
is evident that the warmer the place is while drying
the more readily it will give up its moisture. But
while the piece is being warmed up it tends to dry
and shrink on the outside, while the inside is wet
and cold. This has been overcome by first subjecting.
the ware to a treatment in saturated, or at least very
humid air, and warming it up under such conditions.
The result of this is that the ware will be warmed
through uniformly without drying on the surface,
since the surrounding air already contains all the
moisture it can hold. Additional heat is then applied,
not only to heat the clay ware, but also to make the
surrounding air capable of carrying more moisture.
This results in evaporation of water from the wet
clay ware into the air of the dryer. But since the
ware has been warmed uniformly the flow of moisture
from all parts is uniform. The result is that the drying
is done not only at higher temperatures, but more
quickly and safely. Where in the past considerable
care was used to prevent drafts of all sorts, it has
been found that the more completely the air is cir-
culated and the better this circulation bathes all
parts of the ware, the more effective and uniform is
the drying process. On the other hand, a sluggish
draft will expose one side or the top to one condition
and the remainder of the piece to another, with the
result that the drying proceeds irregularly.

Glazing. Practically all types of insulators are
glazed by what is known as the one fire process; i. e.,
the glaze is applied to the dried, unfired piece. It
is then placed in the kiln and fired to maturity. When
properly done this is an excellent process, as it not
only insures a very close chemical union between the
body and the glaze, but it is less expensive than firing
twice, as is done with some types of ware such as
table ware. In the two fire process there are two
methods. The one commonly used in Europe is to
first fire to a low temperature, i. e. about 950 deg.
cent. (1742 deg. fahr.) to 1000 deg. cent. (1832 deg.
fahr.), for the purpose of dehydrating the clay or
driving off the chemically combined water and harden-
ing the ware so that it may be handled. The articles
are then dipped in the glaze and re -fired to the maturing
or vitrifying temperature of the porcelain, the glaze
being so adjusted that it will mature or brighten at
the same temperature at which the body vitrifies.
The second method, more commonly used in America,
is to mature the bisque in the first fire, then apply
a low fusing glaze which will mature at a lower tempera-
ture than was used in the first burn. This is the easier

of the two processes, and yields a brighter glaze and
a higher percentage of grade 1 ware, but the intrinsic
quality is not as high as that obtained by the former
process, all things considered. The only difference
between the one fire and the low bisque, high -glossed
process is that the former cannot be used on thin ware
such as table ware and the like without causing in-
creased losses. Practically speaking, for heavy ware
such as insulators, there is nothing to be gained by
using the two -fire method.

There are many different formulas from which
glazes are compounded. A brown or "Albany" glaze,
suitable for high -tensioned insulators, would have a
formula as follows:

Feldspar
Whiting
Albany Slip

3 per cent
3 per cent

94 per cent
100 per cent

FIG. 29
Forming or finishing room for dressing cast disk insulators. The dry

grinding process is used for finishing blanks cast as shown in Figures 27
and 28. After finishing, a coating of glass forming powders known as glaze
is sprayed on the surface as shown at the right of the illustration. When
fired, the ware is made dense and vitreous, and at the same time the pow-
ders melt and forms the glaze.

Add maganese dioxide in a small amount depending
on color desired.

The albany slip is used, as it not only fuses to a
glass at a lower temperature than that to which the
body and glaze are fired, but also because it burns to
a beautiful mahogany color. The maganese is added
to strengthen this reddish brown color. Other ma-
terials not shown here but sometimes used in the glaze
with the exception of the whiting or calcium carbonate,
which is an active flux in the presence of acids such as
silica, are the same as are used in compounding the
body, the proportions of flux to refractory, however,
being greater in the case of the glaze.
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A clear white glaze would have a formula about as
follows:

Feldspar 34.0 per cent
Whiting 19.5 per cent
China Clay and Ball Clay 18.7 per cent
Flint 27.8 per cent

100 per cent
In compounding the glaze there are several impor-

tant factors to take into consideration. First, the
glaze must mature or become a clear glass at the same
temperature as that at which the porcelain body matures.
Second, and equally important, is that the glaze must
fit the body. This means that the coefficient of
thermal expansion and contraction of the body and
glaze must be such that when the two cool down
after the firing, after the body has matured, they will
contract at substantially the same rate, so that no
strains are produced. After the finished insulator
is cooled and later put into use, it is still subject to
thermal changes. They are not so great as those
produced in cooling the ware in the kiln, but they are
not uniform, hence may become more severe. When
an insulator is in use, a sudden change in the weather
may cause a sudden rise or drop in temperature,
which will result in the outside of the insulator, chiefly
the glaze, being subjected to an expansion or con-
traction, thus causing a severe strain. The lower the
thermal expansions of the glaze and body are, and
the greater the thermal conductivity of the body, the
more quickly will the latter be able to absorb and dis-
tribute the thermal changes. Low thermal expansion
and contraction cause the volume changes to be smaller
per degree of temperature change than when the co-
efficient is greater. High thermal expansion and poor
heat conductivity cause the conditions to be very bad.
During the past two or three years an understanding
of how to control these various conditions better has
made possible improvements in the qualities of the
various products which are of considerable value.

In the cooling of body and glaze after firing, if the
glaze contracts faster than the body the glaze will be
in tension when cold. This tension may be great
enough to pull the glaze apart into sections or "craze"
it. This can crudely be illustrated by comparing
it to a mud puddle which is formed in clayey soil and
just about to dry up. The skin of 1 mud on the
surface, as it dries and shrinks, cracks into many small
cakes, leaving spaces between the cakes. This surface
might be said to be "crazed".

On the other hand, if the glaze does not shrink or
contract as much as the body, the glaze will be under
compression when the ware is cold. If, in the final
fusion of the glaze on the ware in burning, the glaze
has not thoroughly fused, and does not show good
cohesion with the body, it will simply shell off the
porcelain as the cooling takes place. This is called
"shivering". Usually this does not occur excepting
in extreme cases, and when the coefficient of thermal

expansion of the glaze is slightly less than that of the body.
Quite often expansion or contraction strains exist,

but are not sufficient to cause immediate rupture by
"crazing" or "shivering". Fracture is sometimes
delayed and occurs when the ware is in service. This
is often seen on bathroom wall tile and in some cases
on table ware, and is much more likely to happen on
ware of this sort, which is not vitrified, than in such
ware as insulator porcelain. It has been shown that
where the body and glaze in insulators are under
strain, their strength and resistance to hot and cold
tests are not as great as they otherwise would be. This
is easily demonstrated by making up tensile test bars
of porcelains glazed with various glazes, determining
the breaking points of the various specimens and also
subjecting similar specimens to heat tests.'

It is quite likely that these unbalanced conditions
have considerable to do with the failure of insulators,
due to time, whether they be in service or in storage.

ELECTRIC SIGNS IN NEW YORK
There are 9577 electric signs in New York, according

to a census made recently by the New York Edison
Company. These signs advertise every kind of busi-
ness from undertakers, churches, and bird stores to
restaurants and flower shops. Over a million lamps
are required to light them. Of these, exactly 1347,623
are 10 -watt lamps.

This is the first time such a count has ever been
taken, and the findings will be valued by the
electrical industry to which the number of lights on
Broadway will always be of first interest.-Transac-
tions, I. E. S.

ARTIFICAL LIGHT TO SAVE COLORS
OF TUTANKHAMEN

To preserve the rich trappings of Pharaoh Tutank-
hamen from fading from their former glory, scientists
in London propose that the ancient objects be entirely
illuminated with modern artificial light. Recent ex-
periments made in England indicate that museum
materials retain their colors longer when electrically
lighted than when exposed to any form of nature's
daylight.

Daylight contains damaging ultra -violet rays which
are not so strong in most artificial lights. The best
glass, they say, for use in cutting out these undesirable
rays has a distinct yellow color which makes it scarcely
practical for exhibiting purposes. Any kind of tinted
glass merely delays fading but does not stop it.

Direct sunlight has been known to cause rapid
fading, but these scientific experiments indicated that
the diffused daylight for which modern museums are
designed is six times times as injurious as electric
light.-Transactions, I. E. S.

1. "The Control of Glaze -Fit by Means of Tensile Te st
Specimens." Journal American Ceramic Society, Vol. 5, No.
8, August 1922. By F. H. Riddle and J. S. Laird.
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ILLUMINATION ITEMS
By the Lighting and Illumination Committee

SAVING HUNDREDS OF LIVES A YEAR IN ONE CITY'S
TRAFFIC

There are over a million motor vehicles licensed in
New York State. Inasmuch as more than 60 per cent
of the State's population lives or does business in New
York City, handling the traffic problem on the little
island of Manhattan is an enormous task.

This dense, ceaseless current of trucks, taxicabs,
double-decker busses, motor cars, street cars, and push
carts accounted for 36,645 accidents last year, not

FIG. 1.-NEW BRONZE TRAFFIC TOWER IN OPERATION AT
FIFTH AVENUE AND 42ND STREET

counting the minor ones that are never reported and
placed on the police records.

The layout of the streets in New York presents
other difficulties to be met. In the early days it was
thought that the east and west traffic between the
New Jersey and Long Island ferries would far out -
weight the travel between downtown and Harlem.
Accordingly, the cross streets are spaced only 250 feet
apart while the longitudinal arteries, the avenues,
are on 1000 -foot centers. Commissioner R. E. Enright
has recently suggested the construction of interme-
diate overhead avenues which would pass right over

the cross streets, and through second -story arcades
cut in the big office buildings. Another helpful measure
will be the probable eventual abandonment of the present
elevated railway structures and their conversion into
roadways. New York traffic is growing continuously;
traffic problems are consequently becoming more
pertinent each year.

The traffic control system of New York is attracting
considerable attention as a new field of illuminating
engineering. The bronze king -tower of the traffic -
directing system, at Forty -Second Street and Fifth
Avenue, controls the movement of traffic three miles
up and down the Avenue from Washington Arch to
65th Street and ail of the cross streets. When red
lights gleam from this tower, the traffic officers in the
other towers-at 50th, 57th, 38th, 34th, 26th and 14th
Streets duplicate the signal, and for sixty seconds all
vehicular traffic stops and the pedestrians have the
right of way. Immediately after this brief interval,
green lights replace the red and east -and -west traffic is
released for a minute or a minute and a half. The
intermediate or red signal released pedestrian traffic
again for sixty seconds, and then the yellow or north -
and -south signal, gives a clear road to the Avenue
traffic for two minutes.

In emergencies, the time sequence is disregarded by
the officer in charge of the king tower. Likewise the
tower men on the other crossings, in emergencies, do
not guide by the king tower, but they direct the local
traffic independently until the situation clears up.
When all of the towers work in unison, there is little
congestion and few open stretches On the streets;
travel proceeds quickly.

Signal tower systems were first provided four years
ago. Constant improvements and refinements and
the success of the enterprise prompted the Fifth Avenue
Association to donate seven bronze towers, costing in
the neighborhood of $100,000, to replace those in
service. The bronze towers are being installed one at
a time.

The New York system decreased serious traffic
accidents 12 per cent in the past six months. This
decrease is a very potent figure; in both money damages
and loss of life, traffic accidents cause more losses in
New York City every year than all crimes put together.
In death or injury due to vehicular accidents last
year 26,890 people suffered; one-half of these were
children.

The old signal -tower, replaced at 42nd Street and
Fifth Avenue has been erected at Park Avenue and
34th Street. Each of the old Fifth Avenue towers,.
as it is replaced by one of the new bronze towers
presented by the Merchants' Association will be moved
to some other strategic location. On Sixth and Third
Avenues the standardized green, red, and yellow signal-
lights will be mounted on posts on the Elevated Railway
structure, and operated from the groimd.
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Pacific Coast Convention
Plans are being matured for the Pacific Coast Convention,

which will be held in I)el Monte, Calif., October 2-5. The pro-
gram in tentative form is as follows:

TUESDAY, OCTOBER 2

AFTERNOON
Registration.
Outdoor Recreation.

WEDNESDAY, OCTOBER 3
FORENOON

Er ENING
Regist ration.
Dancing.

Registration.
President Jewett's Address.
President-elect Ryan: Researches Relating to High -Volt-

age Transmission.
Symposium by Transmission Engineers of the Great West

on the Mechanical and Electrical Construction of Modern Power
Transmission Lines, including Insulators for High -Voltage Lines.
Mechanical -Electrical Construction of Modern Power Transmission

Lines, by C. B. Carlson and W. R. Battey, Southern Cali-
fornia Edison Company.

110 -Kr. Transmission Line for Oak Grove Development of Portland
Ry. Light & Power Co., by H. R. Wakeman and H. W.
Lines, Portland Railway, Light & Power Co.

Insulation Design of Anchors and Tower Supports for 110,000 -
Volt, 4427 -ft. Span over Carquinez Straights, by L. J. Corbett,
Pacific Gas & Electric Company.

Transmission Line Construction in Crossing Mountain Ranges,
by M. T. Crawford, Puget Sound Power & Light Company.

Group Operation of Systems having Different Frequencies. Two
papers on this subject by E. R. Stauffacher, Southern Cali-
fornia Co. and H. J. Briggs, So. California Edison Co.

AFTERNOON
Symposium by Transmission Engineers of the Great West on Water

Wheel Construction, Operation and Governing, etc., by John
Harisberger, Puget Sound Power & Light Co. General
consideration of the subject.

A Study of Irregularity of Reaction in Francis Turbines, by R.
Wilkins, Pacific Gas & Electric Company.

Recent Il ydroeleetrie Developments of the Southern California Edison
Co., by H. L. Doolittle, Southern California Edison Co.

Symposium on The Practise of High -Voltage Switches, Bushings,
Lightning Arresters and Busbars; High -Voltage Switches,
Bushings, Lightning Arrester Experience of the Southern
California Edison Company on its 60,000, 160,000 and
??0,000 -Volt Syskms, by H. Michener, Southern California
Edison Company; igh- Voltage Circuit Breakers, by A. W.
Copley, Westinghouse Electric & Mfg. Co. and Electro-
magnetic Forces on Bus Supports, by I,. N. Robinson, Stone
and Webster, Seattle.

E% Exist;Dancing.
THURSDAY, OCTOBER 4

FoaRNOON
High -Voltage Insulation, by J. L. R. Hayden and C. P. Steinmetz,

General Electric Co., Schenectady.
Power Resources of l'nitcd States (an illustrated address), by F. G.

Baum, Consulting Hydro -Electric Engineer, San Francisco.
Waterwheel Generators and Synchronous Condensers for Long

Transmission Lines, by M. W. Smith, Westinghouse Elec-
tric & Manufacturing Company.

Performance of Auto Transformers with Tertiaries under Short -
Circuit Conditions, by J. Mini, Pacific Gas & Electric Com-
pany; L. J. Moore. San Joaquin Light & Power Company;
R. Wilkins, Pacific Gas & Electric Company.

Transformers for High -Voltage Systems, by A. W. Copley,
Westinghouse Electric & Manufacturing Co.; L. N.
Robinson, Stone & Webster, Seattle.

AFTERNOON
Golf Tournament.
17 -mile sight-seeing drive in and around Monterey.
Banquet. EVENING
Presentation of the Edison Medal to Dr. R. A. Millikan

followed by an address by Dr. Millikan.
Dancing. FRIDAY, OCTOBER 5

FORENOON
Carrier -Current Telephony on the High -Voltage Transmission

Lines of the Great Western Power Co., by J. A. Koontz, Jr.,
Great Western Power Company.

Recent Developments in Carrier -Current Communication, by D.
L. F. Fuller, General Electric Co.

Some Experiences with a 202 -mile Carrier -Current Telephone
System, by E. A. Crellin, Pacific Gas & Electric Company;

Symposium on Theory and Practise in High -Voltage Operation,
by R. C. Wood, Southern California Edison Company.
(An address); A. W. Copley, Westinghouse Electric &
Manufacturing Co.

Economic Considerations of Power Factor Control of Long High -
Voltage Transmission Lines, by A. V. Joslin, Pacific Gas &
Electric Company.

Methods of Voltage Control of Long Transmission Lines by the
Use of Synchronous Condenser, by J. A. Koontz, Jr., Great
Western Power Company.

Paper on Telephonic Communication. (Names of authors later).

AFTERNOON
Recreation, Sports, Sight-seeing.

EVENING
Leave for Post -Convention Trips.
Visit to San Francisco Bay Region Substations, and Big

Creek Development of Southern California Edison Company.
The complete program, with details of entertainments and

trips, will appear in the September JOURNAL, the Pacific Coast
Convention number.



Sti(i INSTITUTE AN I) RELATED AcTi Es .1wiritill A. 1. I; 1'.

Swampscott Convention Makes New It( Tor( I

Largest A. I.E. E. Gathering Ever Held-Over 1600 Members and Guests in Attendance
Noteworthy Technical Program Combined with Exceptional

Social and Entertainment Features

The 39th Annual Convention of the A. I. E. E., held at Swamp-
scott, Mass., Juno 25-29, was the largest and probably the most
enthusiastic gathering in the history of the Institute. The total
registration was 1616, which surpasses by several hundred the
attendance at any previous Institute Convention.

The four mornings during the Convention were devoted to
six technical sessions, those on two of the days being held in
parallel. The interest and the attendance at all of the sessions
was notable, the Convention Halls being filled to capacity at
most of the sessions.

The afternoons were devoted entirely to entertainments and
inspection trips, and the evenings were given over to both pro-
fessional meetings and lectures, as well as numerous social features.
The social and entertainment features were all that could be
desired, and on each day of the Convention, from early morning
to late at night there were always some activities scheduled for
members and guests. The proximity of Swampscott to Boston
and Lynn afforded many opportunities for visits to these
cities and made the New Ocean House an ideal place for the
Convention.

The decoration of the hotel and grounds was novel and
unique, including electric illumination, outline illumination, with
the latest type of appliqued colors and translucent lighting of
towers combined with flood lighting of various kinds. The
grounds and verandahs were softly lighted with subdued colored
luminaires especially designed for the occasion, which contrasted
with the many -colored beams of a battery of searchlights.
Numerous festoons of colored flags and pennants were strung
from the hotel and brilliantly lighted from concealed sources.
There was also a chameleoscopic lighting effect produced by a
unit of original design which was of enticing interest-a rich
combination of art and illumination, and also the vividaire
emblem which added a new and striking feature to the display.

Throughout the decorations of the hotel and grounds, the
emblem of the Society and its colons-blue, maroon and gold-
predominated in both day and night effects. Every evening
of the Convention, a demonstration was made of the giant Mazda
incandescent lamp, recently developed. These lamps consume
30,000 watts each and one of them was suspended high above
the grounds and afforded an opportunity for all to see the mar-
vellous illuminating effect produced by this largest specimen of
its kind.

Too much cannot be said in praise of the work of the local
committee, which had charge of all convention arrangements
excepting the technical program. Every activity during the
Convention was in charge of a subcommittee of the Convention
Committee, and all of the subcommittees worked energetically
and successfully to see that everyone was satisfactorily
entertained.

An Information Bureau was maintained alongside of General
Headquarters by members of this Committee, and it functioned
so smoothly that the usual confusion incident to large gather-
ings was eliminated. Everyone in attendance was loud in praise
of the Committee's efforts and management, and this praise was
well deserved.

The following resolution of appreciation was adopted at the
meeting of the Board of Directors of the Institute held during
the Annual Convention:

RESOLVED: That the Board of Directors of the American Institute
of Electrical Engineers, representing the membership at large and more

especially the members and guests In attendance at the Annual Convention
at Swampscott, Mass., June 25-20, 1923, hereby expresses its hearty
appreciation of the effective services of the local members of the Conven-
tion Committee, In making and carrying out with gratifying tiUM1411 the
arrangements for the comfort and entertainment of the members and guests
of the Institute attending the 1923 Annual Convention.

Among the Committee's activities which was found very use-
ful by everyone in attendance was the publication each morning
of a four -paged, daily bulletin, giving the program of the tech-
nical, social and entertainment features of the day and various
items of news, which put everyone in touch with the day's
activities.

The day previous to the official opening of the Convention
was given over to a meeting of the Section Delegates, with the
officers of the Institute, with the object of discussing the work
and policies of Institute Sections. A resume of these delegate's
meetings is given below.

During the afternoon, many of the delegates went on inspection
trips to the River Works and West Lynn Works of the General
Electric Company, and on automobile trips to Salem, Marble-
head and Boston, etc. The evening was devoted to an informal
reception and dancing.

Technical Sessions
TUESDAY MORNING, JUNE 26

The first technical session convened at 10 o'clock in the Con-
vention Hall, and in the absence of Governor Cox, who was
unable to be present, the address of welcome was given by Dr.
Kennelly, Chairman of the Convention Committee, who, after
a short address of welcome, turned the meeting over to President
Jewett. President Jewett, called on President -Elect Ryan for
a few words, after which he delivered his annual address on
"The National Engineering Societies, Their Problems, Past,
Present and Future." President Jewett's address will be pub-
lished in a future issue of the JOURNAL. At the conclusion of
this address the technical papers for the first session were pre-
sented in abstract by the authors as follows:

Cable Charge and Discharge, by C. P. Steinmetz.
Dielectric Strength Ratio between Alternating and Direct Volt-

ages, by J. L. R. Hayden and W. N. Eddy.
Cable Geometry and the Calculation of Current -Carrying Capac-

ity, by D. M. Simons.
These papers were discussed by Dr. J. B. Whitehead, in a

communication read by Mr. Kouwenhoven, J. Slepian, D. E.
Howes, D. M. Simons, H. Halperin, H. B. Dwight, R. Notvest,
H. N. Davis, C. F. Hansen, with a closure by C. P. Steinmetz.

WEDNESDAY MORNING, JUNE 27
The second and third technical sessions were held in parallel

on the morning of June 27. The second session was opened by
President Jewett, who turned the meeting over to Vice -President
R. F. Schuchardt, who took the chair. The first paper, "Some
Engineering Features of the Weymouth Power Station" by I. E.
Moultrop and Joseph Pope, was called for by the chairman and
Mr. Moultrop responded in pointing out some of the special
features of the station, after which Mr. Pope presented a
somewhat fuller aspect of the paper.

This was followed by written discussions by S. Z. Ferranti
and by David Jacobus which were read by Mr. Moultrop. A
discussion by Peter Junkersfeld was followed by Prof. Davis,
L. L. Elden, H. P. Liversidge and G. L. Knight. The next
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two papers on the program, Cooling of Electric Machines, by
G. E. Luke and Free and Forced Convection of Heal in Gases and
Liquids, by C. W. Rice, were then abstracted by their authors,
after which all three papers were thrown open for general
discussion. The speakers were C. J. Fechheimer, W.F. Dawson
and H. W. Bales.

The third technical session convened at 10:30 o'clock at the
Ball Room of the New Ocean House with President Jewett
presiding. After some preliminary announcements President
Jewett turned the meeting over to 0. B. Blackwell, Chairman
of the Telephony and Telegraphy Committee, who assumed the
chair. Chairman Blackwell called for abstracts of all of the
papers of the morning, which were as follows:

Electric Plant of Transoceanic Radio Telegraphy, by E. F. W.
Alexanderson, A. E. Reoch and C. H. Taylor.

Transatlantic Radio Telephony, by H. D. Arnold and L.
Espenschied.

Frequency Measurements in Electrical Communication, by J.
W. Horton, H. N. Ricker and W. A. Marrison.

Telephone Equipment for Long Cable Circuits, by C. S. Demarest.
Electrical Loud Speakers, by A. Nyman.
After abstracts of all papers had been presented the general

discussion ensued, in which the following took part: E. W. Kel-
logg, A. E. Kennelly, W. H. Martin, S. Haar, J. W. Horton,
F. B. Jewett, Gordon F. Hull, W. V. Lavell, Paul G. Andres, with
closure by A. Nyman.

THURSDAY MORNING, JUNE 2S

GREETINGS FROM DELEGATES OF FOREIGN SOCIETIES

The fourth technical session convened at 10:10 o'clock at
Convention Hall, President Jewett presiding. President Jewett
announced that the Institute had been honored by having three
foreign engineering societies officially appoint delegates to this

Convention. The Institution of Electrical Engineers, of Great
Britian, Associazione E let t rotecnica It al ian a and the Societe

Francaise des Electriciens. Prof. Elihu Thomson and A. E.
Kennelly were the representatives of the English Institution,
John W. Lieb and G. Faccioli represented the Italian association
and A. LeBlanc represented the French society. Prof.
Thomson, Mr. John W. Lieb and M. LeBlanc made brief ad-
dresses, expressing the felicitations of their respective societies.

The regular technical program was then resumed, and the
following papers were abstracted:

Artificial Transmission Lines with Distributed Constants, by

F. S. Dellenbaugh, Jr.
Transmission Line Transients, by V. Bush.
General Considerations of the T and Pi Type Artificial Electric

Lines in Connection with a Proposed Compensated Pi Line
by H. Nukiyama and K. Okabe (abstracted by A. E. Kennelly).

A Miniature A -C. Transmission System for the Practical Solu-
tion of Network and Transmission System Problems, by 0. R.
Schurig.

Simplified Method of Analyzing Short -Circuit Problems, by

R. E. Doherty.
Proximity Effect in Wires and Thin Tubes, by H. B. Dwight.
Floating Neutral, by L. A. Doggett.
These papers were discussed by Aram Boyajian, L. J. Peters,

J. Slepian, 0. R. Schurig, F. S. Dellenbaugh, Jr., D. C. Jackson,
H. W. Buck, Howard L. Melvin, G. N. Armbrust, C. W. Bates,
V. Bush, with closures by 0. R. Schurig, F. S. Dellenbaugh,
Jr. and R. E. Doherty.

FRIDAY, JUNE 29

Parallel sessions were held Friday morning, June 29, which
concluded the technical program of the Convention. The fifth
technical session convened at 10:00 o'clock, President Jewett
presiding. He invited G. H. Stickney, Chairman of the Lighting
and Illumination Committee to preside over this session. The
chairman called for the presentation of the first two papers on

the program, which were The Quality of Incandescent Lamps,
which was summarized by Mr. Howell and The Art of Sealing
Base Metal through Glass, by G. W. Houskeeper, who presented
his paper in abstract. Discussion on these papers was called

for, and was opened by John W. Lieb, followed by Chas. F. Scott,
H. Lemp, Jr., C. H. Sharp, A. L. Atherton, with closures by
Mr. Howell and Mr. Houskeeper. The last four papers of the

session, which were as follows, were then abstracted by their
authors:

The Standardization of Electrical Measuring Instruments,
by H. B. Brooks.

Pellet Type Oxide Film Lightning Arrester, by N. A. Lougee.
A Continuous -Current Generator for High Voltages, by B. R.

Bergman.
Desirable Duplication and Safeguard in the Electrical Equip-

ment of a Generating Station, by W. F. Sims.
The discussion on these papers was participated in by W. B.

Kouwenhoven, C. M. Green, A. E. Kennelly, K. B. McEachron,
V. E. Goodwin, A. L. Atherton, E. R. Stauffacher, P. L. Alger,
H. Lemp, Jr., R. L. Young, J. B. Craighead, followed by closure

by the authors.
The sixth technical session, held in parallel with the fifth,

was called to order in the Ball Room of the New Ocean House
by Chairman F. W. Peek, Jr. of the Electrophysics Committee.
The first paper of this session, Gaseous Ionization in Built -Up
Insulation, by J. B. Whitehead, was abstracted by W. B. Kou-
wenhoven in the absence of the author. The next paper, The
Axially -Controlled Magnetron, by A. W. Hull, was abstracted
by the author, after which Pres. Jewett assumed the chair and
Mr. Peek presented his paper The Effect of Transient Voltages
on Dielectrics, which was followed by Two Photographic Methods
of Studying High -Voltage Discharges, by K. B. McEachron.
Mr. Peek then resumed the chair and called for discussion of all
four papers, which was responded to by H. Goodwin, Jr., C. J.
Fechheimer, J. F. Peters, H. B. Martin, J. Slepian, H. J. Ryan,
D. D. Clark, D. M. Simons, C. L. Harding, R. B. Williamson,
D. E..Howes, H. S. Warren, with closure by K. B. McEachron
and F. W. Peek, Jr. This concluded the technical program of

the Convention.

Other Business and Social Features
The social and entertainment features provided for the after-

noons and evenings during the Convention were unusually
numerous and varied in character, including lectures, musical
recitals, moving pictures, etc., and dancing was enjoyed until a
late hour every evening. On Monday evening after the meeting
of section delegates, an informal reception and dance was held
at which officers of the local sections and their wives were
hosts.

On Tuesday afternoon' at 5:30, Professor Karapetoff gave a
most entertaining talk on "Relativity," illustrated by it model
which served to demonstrate to a remarkable degree some of the
conclusions arrived at by calculation. This lecture was found
to be so interesting and instructive to both laymen and scien-
tists that it was repeated by request on Friday at the same hour.

PRESIDENT'S RECEPTION

The President's reception, on Tuesday evening, was one of the
notable events of the convention. President Jewett, President -
Elect Ryan, Secretary Hutchinson, and Past Presidents Thom-
son, Kennelly, Hering, Scott, Jackson, Mershon, Lincoln, Rice,
Townley, Berresford and McClellan, many of whom were
accompanied by their wives, received the members and guests.
Dancing followed the reception and continued until a late hour.

ILLUSTRATED LECTURE

On Wednesday at 5:30 p. m. Prof. C. E. Magnusson, of Wash-
ington University, gave an illustrated talk on the Mountains
of the Northwest. The highly artistic colored pictures were
appreciated not only for their beauty but they also showed the
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GROUP IN ATTENDANCE AT PAST PRESIDENTS' LUNCHEON, ANNUAL CONVENTION, A. I. E. E., SWAMPSCOTT, MASS., JUNE 28.
Sixteen of the twenty-four living past -presidents, President Jewett, President-elect Ryan, and Secretary Hutchinson were present. All are

shown here with the exception of Past -President Buck.
Top row, left to right: Calvert Townley, E. W. Rice, Jr., D. C. Jackson, Charles F. Scott, Paul M. Lincoln. Wm. McClellan, Carl Hering, J. W.

Lieb and F. L. Hutchinson.
Bottom row, left to right: A. W. Berresford, Ralph D. Mershon, Harris J. Ryan, T. Commorford Martin, Charles P. Steinmetz. Elihu Thomson,

Frank B. Jewett, A. E. Kennelly and C. A. Adams.

almost unlimited capacity of the northwest for hydroelectric
development. The Ball Room was filled to capacity during
this enjoyable lecture.

TECHNICAL COMMITTEE REPORTS

At 8 o'clock Wednesay evening a meeting was called to order
by President Jewett for presentation of Technical Committee
Reports. These reports were printed in pamphlet form and
distributed at the meeting and the presentation by the various
chairmen consisted generally in pointing out recent progress
in the respective fields, thus bringing the history of the art up
to the present time.

PAST PRESIDENT'S LUNCHEON

The Past -Presidents' luncheon, held on Thursday, June 28,
was one of the most interesting and enjoyable events of the con-
vention. It was attended by sixteen of the twenty-four living
Past -Presidents, also by President Jewett, President-elect Ryan,
and Secretary Hutchinson. Past -President Elihu Thomson
presided; and the names of the other Past -Presidents in attend-
ance are given in the title of the accompanying photograph.

The occasion afforded an opportunity for an informal discus-
sion of various matters relating to Institute activities, including
the proposed celebration in some form of the fortieth anniversary
of the organization of the Institute, in the spring of 1924.

MUSICALE

Thursday at 5:30 p. m. Professor Karapetoff gave a piano
recital with explanations. Prof. Karapetoff's ability as a musi-
cian is well known to all who regularly attend the A. I. E. E.
conventions, therefore, it is sufficient to say that the recital was
the greatest success from both artistic and instructive viewpoints.

THE NORTH SEA MINE BARRAGE

Thursday at 8:30 p. m. Capt. R. R. Belknap, of the U. S.
Navy, gave an illustrated talk on the difficulties, which were
encountered and then overcome, first with the design of the mine,
then production, and finally the planting of the mine,
There seems to be no question that the successful completion
of this mine barrage had a distinct influence in bringing the
war to a close. The lecture by Capt. Belknap brought home
to all present how large a part of the successful ending of the
war was due to the fortitude of our sailors in undertaking this
most dangerous and difficult task.

OTHER NOVEL ENTERTAINMENTS

Unusual entertainment was furnished by the Shoe Style
Show, held in the lobby of the hotel Tuesday morning at 9
o'clock. Ten beautiful and stylishly gowned young women,
walking upon a raised platform, displayed the latest styles in
footwear.

On Wednesday morning at 9 o'clock the Nahant Coast Guard
Crew gave an exhibition of life saving on the beach directly in
front of the hotel. This crew illustrated the method of rescuing
persons from wrecked vessels along the rock bound coast. A
large pole representing the mast of a ship was erected on the
beach, and the life savers, under the direction of Capt. Gove,
shot the line to the mast and showed how the breeches buoy
operated, pulling a member of the crew from the mast to safety
on the beach.

To the golf enthusiasts the visit of Francis Ouimet was a treat.
The green near the hotel was crowded on Thursday morning when
this premier in the game of golf entertained the party with ex-
hibitions of many difficult and trick shots. Mr. Ouimet met
many of the delegates after the close of this exhibition.
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On Wednesday evening "Prisma" colored moving pictures
were shown on the lawn of the hotel. The pictures shown were
preliminary films, explaining the processes by which the.colored
and stereoscopic motion pictures were made. A short lecture
was given by Mr. W. Z. D. Kelly, describing the latest develop-
ments and demonstrating special phases of this new art. This
was followed by a 5 -reel picture entitled "The Glorious Adven-
ture," which is without doubt the most artistic and beautiful
picture ever produced.

The piazzas and walks in front of the hotel were made es-
pecially attractive each evening by music received over the public
address system from various orchestras in Boston and neighbor-
ing towns. This music, in connection with the artistic decora-
tions and special illumination, attracted a wide audience includ-
ing large numbers of local inhabitants and furnished unique
entertainment which will be long remembered.

Inspection Trips and Automobile Drives

Sight seeing and inspection trips were provided in great variety
during every day of the Convention. The famous North Shore
and Massachusetts Bay with its many beautiful estates and
numerous historical places was enjoyed by large numbers of
those in attendance. Automobile trips were made daily to
Marblehead, Salem, Beverly, Manchester and Gloucester.
Visits were also made to Concord and Lexington, the Mecca of
all Americans, where was fired "the shot heard around the
world." Bunker Hill attracted many visitors, as did the Old
North Church and various historical spots in Boston. Harvard
University, Radcliffe College, and Massachusetts Institute of
Technology also received visiting members and ladies.

There were large numbers of inspection trips made to central
stations and manufacturing plants of special engineering interest.
These included trips to both of the General Electric Company's
Works, the A. M. Creighton Shoe Factory at Lynn, the Massa-
chusetts Avenue Service Buildings of the Boston Edison Com-
pany, the Simplex Wire and Cable Company, the Machine -Con-
trolled Exchange of the New England Telephone and Telegraph
Company, The Arlington Mills at Lawrence, the Naunkeg Mills
at Salem, one of the most up-to-date cotton mills in New
England.

An inspection trip was made to the Watertown Arsenal, the
largest one in the country, where the visitors were shown through
the various laboratories with their equipment for analysis and
X-ray work. A demonstration was also given of the electric
furnaces which produce steel for the construction of big guns.
Another inspection trip of interest was to the Industrial Lighting
Company's Exhibition in Boston.

GAMES

The games and tournaments which have for many years been
a feature of the Annual Convention were prominent at the
Swampscott meeting. The different contests included golf,
tennis, ladies bridge parties, ladies putting contest and baseball.

GOLF

The Association was granted the privileges of the Tedesco
Country Club which is an exceptionally fine course. The com-
mittee arranged four events, conducted as follows:

On Tuesday afternoon, June 26th, Event No. 1 was a kicker's
handicap, open to members and guests. The winners wore
Mr. 1). C. Jackson, Mr. Farley Osgood and Mr. R. 0. Bentley.

Wednesday, June 27th, Event No. 2 was a four-ball, best ball,
modal play, eighteen holes, open to members and guests. Prize
for the best gross score was awarded to Mr. L. L. Edgar and Mr.
II. P. Hood. Prizes for the best net score were awarded to Mr.
11.11. Dewey, Mr. J. 11. Sebring, Mr. R. C. Muir, and Mr. S. B.
leerier] baugh .

Thursday, June 28th, Event No. :3 was the Mershon Cup
competition, being eighteen holes at handicap medal play. This

event was open to members only and was won by Mr. G. L.
Knight. The second prize was awarded to Mr. H. W. Eales.

Friday, June 29th, Event No. 4 was arranged as a best selected
nine holes out of eighteen holes played, players being allotted
one-third of their handicap. This event was won by Messrs.
E. H. Everett, Mr. A. A. Brown and Mr. H. R. Summerhayes.

The prize for the winners of each event was one dozen golf
balls. In Events No. 1, 2 and 4 there were ties; therefore, the
committee divided the prize equally among the winners. In
Events No. 1, 2 and 3 there were sixty-seven entries; in Event
No. 4 there were forty-two.

TENNIS

The handicap tennis tournaments, both singles and doubles,
were well patronized, there being 30 teams in singles and 11
teams in the doubles. The singles tournament which carried
with it the first win of the Mershon Tennis Trophy Cup, was
won by John P. Nikonow, of New York City, after a closely
contested five -set match in the finals in which he defeated R. N.
Knight.

The doubles event was also won by Mr. Nikonow, paired with
Mr. Felix Wunsch, who in the finals defeated D. M. Simons and
P. Norton.

LADIES BRIDGE GAMES

The Ladies Bridge prize winners at the Convention were as
follows: Mrs. Frances Carson, Mrs. N. M. Garland, Miss I. M.
Rowlett, Mrs. R. 0. Bentley, Mrs. M. K. Bryan, Mrs. W. J.
Lloyd, Mrs. H. P. Hood, Mrs. H. B. Logan.

LADIES PUTTING CONTEST

The winners of the finals of the Ladies Putting Contest were
the following: Mrs. A. K. Warren, Mrs. F. J. Rudd, Mrs. N. M.
Garland, Mrs. J. B. Bassett.

BASEBALL

One of the final events of the Convention was a baseball game
on Friday afternoon. This contest between the Watts and the
Volts was a classic. The Watts won, 17-2, but chiefly through
flukes. The umpire's decisions were as wild as some of the
plays, but as he carried a gun and a policeman's "billy," his
decisions were not questioned. No record was kept of the line-
up, because of the constant changes made.

Section Delegates' Conference
The delegates of the various Sections of the A. I. E. E. met

on Monday, June 25, at the New Ocean House, Swampscott,
Mass., during the Annual Convention of the Institute, as pro-
vided in the constitution for the purpose of discussing Institute
activities, particularly those relating to the work of Sections.
There were two sessions, one in the morning and one in the
afternoon, with an intermission for luncheon. This plan of
providing an entire day before the opening of the regular ses-
sions of the convention had been tried last year at the Niagara
Falls convention and adopted for the present year upon the
recommendation of the delegates themselves, thus enabling them
to complete their program and be free to participate in the
technical sessions and other events of the convention, which
began on Tuesday morning.

The delegates in attendance wore:
SECTION DELEGATE
Akron S C. Henton
Atlanta A. M. Schoen
Baltimore W. 13. Kouwenhoven
Boston W. It. McCann
Chicago J E. Kearns
Cincinnati A. M. Wilson
Cleveland A. M. MaoCu teheon
Columbus E. Meitz
Connecticut H. H. Everit
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Denver H. B. Barnes
Detroit -Ann Arbor . E. L. Bailey
Erie W. J. Seibert
Indianapolis D. C. Pyke
Ithaca J G. Pertsoh, Jr.
Kansas City George C. Shaad
Lehigh Valley D. M. Petty
Los Angeles E. R. Stauffacher
Lynn J W. West
Madison H. M. Crothers
Milwaukee H. W. Cheney
Minnesota H. W. Meyer
New York A. E. Waller
Philadelphia R. B. Mateer
Pittsburgh M. E. Skinner
Pittsfield W. P. White
Portland E F. Pearson
Providence R. W. Adams
Rochester H. J. Sehiefer, Jr.
St. Louis J M. Chandlee
San Francisco H. H. Henline
Schenectady C. M. Davis
Seattle C. F. Terrell
Spokane H. L. Melvin
Springfield . C. R. Beardsley
Syracuse R. D. Whitney
Toledo P R. Knapp
Toronto S E. M. Henderson
Urbana H. A. Brown
Washington, D. C J H. Ferry
Worcester F J Adams

Past -President A. W. Berresford, Chairman of the Sections
Committee, presided. Others present included President F. B.
Jewett, President-elect Harris J. Ryan, Secretary F. L. Hutchin-
son, and Chairman E. E. F. Creighton of the Meetings and
Papers Committee. A number of other present and past
officers and officers -elect of the Institute and of the various Sec-
tions were also present and paiticipated in the discussions, which
were open to all members of the Institute, the only restriction
being that the voting was limited to those who had been regu-
larly appointed as delegates of Sections.

Prior to the meeting all of the Sections had been communicated
with by the Program Committee, and requested to suggest sub-
jects for discussion at the conference. Later this committee,
consisting of Messrs. Harold B. Smith (Chairman), G. G. Post,
and D. W. Proebstel, had prepared and issued in advance to all
delegates, a program of the topics to be discussed, so that each
delegate had an opportunity to ascertain the views of the mem-
bers of his Section prior to the meeting.

Chairman Berresford called the morning session to order and
made a brief statement regarding the purposes of the meeting,
and then presented President Jewett, who, in a short address,
emphasized the increasing importance of the work of the Sections
and referred to the present policy of the Institute of holding
four general meetings during the year, and to the fact that a
much larger number of high-grade papers are submitted to the
Meetings and Papers Committee than can conveniently be pre-
sented at four meetings each year. He therefore suggested that
it would be necessary to give consideration to having some of the
papers presented in future at regular Section meetings, or pos-
sibly at regional conventions, rather than to crowd them into
conventions at which the time for presentation and discussion
is limited. He also called attention to the recent action of the
Board of Directors in authorizing a complete re -survey of the
technical activities of the Institute, for the purpose of ascertain-
ing what changes, if any, should be made in the scope of these
activities and the method of organization of committees or other
instrumentalities for carrying on the work.

President-elect Harris J. Ryan was then presented, and in

responding, expressed appreciation of the expression of confidence
by the membership in electing him to the presidency, to servo
during the fortieth anniversary year of the Institute. He called
attention to the constantly broadening social effects of the work
of the engineering profession, and said: "The electrical engineers
have provided their country with universal systems of instan-
taneous intercommunication and a rapidly growing, soon -to -be -
completed universal power network, thereby establishing in
abundance mind and muscle that will eventually bring about a
far greater and happier nation. Through their Institute they
are demonstrating their tolerance of individual differences and
a universal capacity to carry -on through those whose homes and
business engagements are, in relation to headquarters, near and
remote throughout the land. We will ever remember the re-
sponsibility thus laid upon us; we will gladly do our best to
meet the same effectively."

A general discussion followed, taking up each topic on the pre-
arranged program in order. Some of the principal matters dis-
cussed and the actions taken, were:

INTERPRETATION OF BY-LAW 61

At the delegates' conference last year the recommendation
was made that by-law 61, which now provides that no action
purporting to represent the policy of a Section may be communi-
cated to non-members without authority from the Board of
Directors, be modified in order to provide an opportunity for
Sections to express their views upon matters of local interest
without previous submission to the Board of Directors. A
special committee consisting of the chairmen of the Sections
and Public Policy Committees, had agreed upon a recommen-
dation that a statement might accompany each official promulga-
tion of the action of a Section, in order to make it clear that said
action represents the views of the members of a single Section.

After discussion the delegates recommended that the Board
of Directors approve the use of the following statement by Sec-
tion officers in transmitting to the public press or other non-
members, statements of the actions of the Sections:

"As the A. I. E. E. is a national organization, the opinions
or recommendations expressed herewith represent only the views
of the individual members of the Section."

TRANSFERS

It was voted to request the Board of Directors to give consid-
eration to devising some feasible method whereby members in
lower grades may be transferred to the higher grades for which
they are fully qualified, through the initiative of other members
familiar with their professional experience, and without the
necessity of the candidates themselves being obliged to submit
formal applications for such transfers.

SCOPE OF A. I. E. E. JOURNAL
Chairman Creighton of the Meetings and Papers Committee

made a statement regarding the policies that had been followed
by his committee in preparing programs of meetings, and also
called attention to a plan that has been under consideration for
a long time, as a result of the expressed wishes of the membership,
whereby highly theoretical and mathematical papers that are
probably read by a very limited number of members and others
who receive the JOURNAL, shall be published in abstract in the
JOURNAL and in full in pamphlet form for distribution to mem-
bers who desire them, and also in full in the annual TRANS-
ACTIONS for reference purposes, thus making available more
space in the monthly JOURNAL for engineering material of a
different nature.

After a general discussion on this subject, the suggested plan
was approved and recommended to the Directors.

DISTRICT EXECUTIVE COMMITTEES

It was voted to recommend to the Board of Directors that at
east one meeting be held each year of the executive committee
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of each geographical district of the Institute, and that the travel-
ing expenses of the members of the committee be paid.

The executive committee of each district is composed of the
vice-president of the district, acting as chairman, and the chair-
man and the secretary of each Section Niithin the district. Some
of the executive committees have already held meetings; and
Members of these committees gave direct testimony of the great
value of conferences of this nature for the purpose of coordinat-
ing the work of the various Sections within each district.

The entire discussion was reported stenographically .and an
abstract of all the essential features will be prepared and printed
in pamphlet form for distribution to the delegates and the officers
of all Sections and of the Institute. This pamphlet will also be
available to any other members who are interested, upon appli-
cation to the Secretary at Institute headquarters, in New York.

A. I. E. E. Directors' Meeting
The regular meeting of the Board of Directors of the American

Institute of Electrical Engineers was held at the New Ocean
House, Swampseott, Mass., on Wednesday, June 27, 1923.

There were present : President Frank B. Jewett, New York;
Past -Presidents A. W. Berresford, Milwaukee, and William
McClellan, New York; Vice -Presidents H. W. Eales, St. Louis,
0. Faccioli, Pittsfield, R. F. Schuchardt, Chicago, W. I. Slichter,
New York, F. W. Springer, Minneapolis; Managers E. B. Craft,
New York, H. M. Hobart, Schenectady, L. E. Imlay, Niagara
Falls, G. L. Knight, Brooklyn, N. Y., A. G. Pierce, Pittsburgh,
Harlan A. Pratt, Hoboken, N. J., R. B. Williamson, Milwaukee;
Secretary F. L. Hutchinson, New York. Also present, by
invitation: Officers -elect Harris J. Ryan, Stanford University,
Calif., W. F. James, Philadelphia, H. P. Charlesworth, New
York, William M. McConahey, Pittsburgh, W. K. Vanderpoel,
Newark, N. J.; and Past -President Calvert Townley, of New
York.

A report was presented of a meeting of the Board of Examiners
held June 15 and the actions taken at that meeting were ap-
proved. The following action was taken upon pending applica-
tions: 94 Students were ordered enrolled; 278 applicants were
admitted to the grade of Associate; 14 applicants were elected
to the grade of Member; 2 applicants were elected to the grade
of Fellow; 24 applicants were transferred to the grade of Mem-
ber; 2 applicants were transferred to the grade of Fellow.

Approval by the Finance Committee of monthly bills amount-
ing to $23,156.62 was ratified.

The Secretary reported 1047 members delinquent in the_pay-
ment. of dues for. the fiscal year ending April 30, 1923; and the
Board directed that. the usual efforts be continued to collect
these dues, through the Secretary's office and by bringing the
lists to the attention of the Section officers concerned.

In accordance with a request of the Philadelphia Section, the
Board unamiou.ly voted that the Midwinter Convention next
year be held in Philadelphia, in either January or February
1924, exact dates to be decided later.

A report was presented from the secretaries of the four Founder
Societies, outlining and recommending a plan for a cooperative
employment service, as referred to elsewhere in this issue; and
the Board approved the recommendations contained therein.

A communication was presented from the Director of the
Engineering Societies Library, outlining a plan for establishing
a loan collection of books, on a basis which it is hoped will
ultimately make the service self-supporting, a nominal charge
to be made per day. for each book loaned; and the Board. en-
dorsed the plan.

In acceptance of an invitation from the President of the Society
for the Promotion of Engineering Education, the President was
authorized to appoint two representatives to act as counselors

to confer with a Board of Investigation and Coordination to be
created by the S. P. E. E. for the purpose of supervising and
directing an kextended and intensive study of engineering
education.

A motion was unanimously adopted expressing the hearty
appreciation of the Board of the effective services of President
Jewett during his administration. President Jewett responded,
expressing his great pleasure at. having been associated with the
members of the Board during the year now drawing to a close.

A resolution was adopted expressing appreciation of the
effective services of the local members of the Annual Convention
Committee, "in making and carrying out with gratifying success
the arrangements for the comfort and entertainment of the
members and guests of the Institute attending the 1923 Annual
Convention."

Reference to other matters discussed may be found in this
and future issues of the JOURNAL under suitable headings.

1922 Transactions
After the distribution of copies of the above volume to those

members who subscribed in accordance with terms announced
by the Board of Directors of the Institute, there remains a lim-
ited surplus from which additional subscriptions may be filled.

The TRANSACTIONS comprise those technical papers, discus-
sions and reports presented before meetings of the Institute or
otherwise which have been deemed worthy of permanent record
by the Institute. The discussions of technical papers have in
each case been printed in conjunction with the paper. The vol-
ume is bound in the standard green cloth, 9 in. by 12 in. size.

The subscription price to members of the Institute is $2.00,
shipping cost prepaid. If it is your intention to maintain a file
of this publication, it is desirable that your subscription shall be
received immediately. As stated above, the surplus of this
edition is limited and subscriptions will be filled in the order in
which they are received at Institute headquarters.

STANDING ORDER FOR TRANSACTIONS

Provision can be made for standing orders to send copies of
each edition of the TRANSACTIONS to be published hereafter
and for which the subscription price dces not exceed $2.00.

Your subscription to the TRANSACTIONS, and remittance
covering same, should be addressed to American Institute of
Electrical Engineers 33 West Thirty-ninth Street, New York,
N. Y.

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 commu-
nicate with the Secretary at 33 West 39th Street.

1.-M. G. Bindler, 2 Margaret St., Derby, Eng.
2.-F. G. Burka, 10 Roulo Ave., W. Fort St. Sta., Detroit, Mich.
3.-Harold B. Clymer, 26 Klein Ave., Trenton, N. J.
4.-R. A. Harman, c/o Tar Heel Mica Co., Plumtree, N. C.
5.-Howard W. Key, 506 W. 32nd St., Austin, Texas.
6.-Edwin C. Miller, 968 Morris Ave., Bronx, New York, N. Y.
7.-P. B. Munro, 462 Sherbrooke St., Peterboro, Ont.
8.-Richard T. Quaas, 2154 Crotona Ave, New York, N. Y.
9.-V. K. Srinivasaiyengar, No. 554-6 Malleswaram, Bangalore,

India.
10.-Lester E. Tunison, Pickwick Hotel, 833 So. Grand Ave.

Los Angeles, Calif.
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Engineering Societies Employment Service. The N ew
"Cooperative Plan"

While it has been generally recognized that the Employment
Service, conducted as a joint activity of the four national
societies of Civil, Mining, Mechanical and Electrical Engineers
constitutes one of the most valuable activities of these societies
and is far more efficient in its present status than when handled
as an independent service by each society, the maintenance
expense to the societies has been heavy. Also, the scope of the
service and its value to the individual member and the employer
very evidently falls short of what might be possible under a more
comprehensive plan of operation were larger funds available.
A joint committee to study the service was appointed in Novem-
ber 1922, consisting of two representatives from each of the four
societies as follows: American Society of Civil Engineers, J. P.
Perry, E. S. Nethercut; American Institute of Mining & Metal-
lurgical Engineers, F. T. Rubidge, J. V. W. Reynders; American
Society of Mechanical Engineers; Prof. J. W. Roe, E. W. Swart-
wout; American Institute of Electrical Engineers, Prof. W. I.
Slichter, H. C. Carpenter.

This Committee elected Prof. Slichter as chairman. All
phases of the service were studied and on March 17, 1923, the
Committee submitted a report to the governing bodies of their
respective societies. The following conclusions of the Committee
were unanimously reached:

1. That during the year 1922 the present Engineering Em-
ployment Service filled 2604 positions at a cost each of $6.62.
Some form of employment service either in the form of coopera-
tive action or by each of the individual societies should continue
to be maintained.

2. That it is desirable to work out a plan which would be a
cooperative activity available to the four National Societies,
and

3. That such a service should be national in scope.
4. That the service should be available only to the members

of the four national societies, and to the members of such other
societies as may be invited by them to cooperate.

5. That there should be no charge to employers.
The Committee recommended that the scope and service

rendered be enlarged, but it being impractical to meet the in-
creased expense of such development from the present income
of the societies, they suggested arranging a service to be partly
supported by those who use it. They also recommended

"That the free keyed advertising of positions available for
employers and the privilege at present accorded members of
promiscuously replying to the same, and the posting of Positions
Available in the position books now available in the offices of
the Service, the Societies and the Library be discontinued."

As representing some of the interesting factors which guided
and influenced the Committee in arriving at their conclusions,
the following paragraphs are quoted:

. . . that out of a total of 5347 members of the four national
societies who registered and attempted to use the service 2931,
or 56 per cent actually secured jobs. The detailed figures by
each society are as follows:

"A. S. C. E.-48 per cent of those attempting to use the Service
secured jobs.

A. I. M. E.-31 per cent of those attempting to use the Service
secured jobs.

A. S. M. E.-52 per cent of those attempting to use the Service
secured jobs.

A. I. E. E.-61 per cent of those attempting to use the Service
secured jobs.

"The seriousness of the situation may be better appreciated
when it is realized that many have been unemployed from six
months to nearly two years. A large proportion of those still
seeking employment are members of ten or more years experience.

"During the four years, 1919 to 1922,-5035 engineers who
were not members of any of the four societies, but who were
introduced by members, were permitted to use the service.
Of this number, 1558 secured positions. Since October 1, 1922,
the service has been denied to non-members, a considerable
number of whom have applied for membership.

"Volunteer committees have functioned as an emergency
means in different parts of the country soliciting inquiries for the
service, and advising that the service is free to employers. In
New York City alone, over two hundred members of the four
national Engineering Societies made over 13,000 personal calls
of which over 8000 interviews with executives resulted and
nearly 1000 positions uncovered. Along with this they distrib-
uted announcement cards bearing the insignia of the four
societies in the corners of same with printed matter.

"That the welfare of the societies is believed to depend in a
large measure upon the personal helpfulness which it extends the
individual members. The Employment Service is a consider-
able factor when considered from the standpoint of membership.
Especially is this true with respect to the younger membership
of the societies, and the recent graduates in engineering. It is
estimated that between 80 per cent and 90 per cent of the mem-
bership of the societies represent the employe class even though
a considerable number are employers as well.

"Cooperation saves time, effort and expense in a movement
like this and broadens opportunities for the membership and the
profession. It also permits of a closer contact between employers
and applicants when carried into a national plan through regional
or sectional offices. An analysis of placements and registrations
by states throughout the country shows that nearly every inquiry
for service outside of the Metropolitan district has been filled.
Obviously if more inquiries came to the service from outside of
the Metropolitan district, more of the members residing in remote
places could be better served. Placements and registrations
bear a fairly uniform proportion irrespective of geographical
location. The larger a selective employment service the better
the results to both employers and employes and to the profession
by getting the right man in the right place."

The Secretaries of the A. S. C. E., A. I. M. E., A. S. M. E.
and A. I. E. E., under whose supervision the Employment Serv-
ice has been conducted, have prepared a plan in which they
have endeavored to solve the various problems, formulated in
the report of the Joint Committee, with definite recommenda-
tions as to method of organization, financing and procedure.
This report has been accepted by the governing bodies of the
four societies. The plan as recommended will be put into oper-
ation beginning September 1st. The report in full follows:

To the Governing Bodies of the
A. S. C. E., A. I. M. E., A. S. M. E. and A. I. E. E.

Gentlemen:
Subject: Proposed "Cooperative Employment Plan"

restricted to members and with a limited free service.
A careful analysis of the various reports previously made on

the employment service rendered by the four societies named
above to their members for many years past, combined with a
further study of the whole question of employment service,
emphasized the desirability of continuing some form of service
to the membership of these societies.

It is generally recognized, however, that the funds which are
available from the treasuries of the four societies have not been,
and are not likely to be, sufficient to establish and conduct an
adequate service of national scope.

Free Service: It is the unanimous opinion of the undersigned
that while continuing free service to a limited extent, principally
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by the publication without charge of announcements of available
men in the respective journals of the societies concerned, in addi-
tion to this there should be put into effect a plan looking toward
a national employment service that will be partially supported
by those who are directly benefited by the service. Each society
through its Secretary and staff will continue, as in the past, to
assist members in a confidential and personal manner to new
positions giving, obviously without charge, advice as to oppor-
tunities known to the Secretary and so far as possible the Secre-
tary, also as formerly, will go further in writing letters of intro-
duction, etc., to assist members to possible openings and con-
versely in important positions to assist employers. It can how-
ever be only to a limited extent as is obvious.

The excellent report submitted to the four national societies of
Civil, Mining, Mechanical and Electrical Engineers under date
of March 17, 1923 by the joint committee of these four societies
which was appointed to study the whole question of employ-
ment service, formulated very definitely the problems involved
in rendering employment service by professional engineering
societies; and it is the purpose of the present report to endeavor
to solve these problems by submitting a plan with definite recom-
mendations as to method of organization, financing and
procedure.

It has not been thought desirable that the societies should
withdraw abruptly from the support of the joint bureau, on the
one hand, nor that they should continue full support as in the
past. It is proposed that jointly the societies contribute say,
one half the amount appropriated in the past, and that the
balance be obtained from fees from those benefited; in other
words a COOPERATIVE SERVICE.

However, during the introductory period it will be necessary
to underwrite the bureau, but according to the estimates it does
not seem probable that the bureau will fail to bring in the neces-
sary fifty per cent of the cost. To provide against possible
shrinkage the societies are asked jointly to underwrite the full
amount, but at a basis prorated according to the placements
made last year; i. e., according to the following table:

Placements Appropriation
Requested

Amount
Underwritten

A. S. M. E 1150 $4130 $8260
A. S. C E. 505 1815 3630
A. I. E. E 450 1635 3270
A. I. M E 120 420 840

Total :000 $16000

Cooperative Service: We recommend that the present arrange-
ment be continued until September, and that commencing on
September first a "maintenance charge" be made to all those who
obtain positions through the efforts of the Employment Service,
on a basis mentioned below, and which it is estimated will
eventually provide for employing and developing a personnel
adequate to render satisfactory service, with proper investiga-
tion of all positions available and a careful individual handling
of all applicants for positions. .The staff should include eventu-
ally competent investigators who, as soon as information is
received regarding a vacancy, should visit the prospective em-
ployer and obtain Complete data regarding the requirements of
the position. The Service would then be in a position intelli-
gently to select the proper candidates. These investigators
should also be used to inquire into the qualifications of all those
who register for positions, either by personal calls on the last
one or two employers of the applicant, or otherwise-not for
the purpose of checking up the character of the applicants, as
the service we recommend is to be limited to members of the
four societies only-but for the purpose of completing the
analysis of the applicant's training and experience, and thereby
improving the judgment of the Employment Management in
selecting "the right man for the job." A further development
would be to have these investigators keep in personal contact

with the larger employers of engineering talent, and through
personal calls develop new channels for service, also as occasion
offers, to develop new opportunities for the engineering pro-
fession in positions now held by non -engineers.

We wish to emphasize here that the problems confronting the
employment service to be rendered by these professional socie-
ties are peculiar to themselves, and cannot be solved by methods
which may have proved advantageous to commercial agencies;
neither would the practises employed in personnel departments
of the larger industries be acceptable to the average member of
any of these societies. What the member requires when he is
seeking a position is special sympathetic and confidential con-
sideration, and painstaking investigation of the requirements of
the position.

In order to give the greatest satisfaction it must be possible to
pay a great deal more attention in the future to developing
methods of obtaining knowledge of opportunities for engineers
through the services of investigators as referred to above and
otherwise. In the past it has not been possible, because of lack
of funds, to do nearly as much in this direction as should be done.
It is, of course, not possible for an employment service to create
positions, and in times of industrial depression there will always
be many more available men than positions; but even during the
severe depression beginning about two years ago, active work by
members of volunteer committees of unemployed engineers
resulted in the finding of a large number of positions.

Therefore, without repeating the details relating to the
history of the service previously rendered, or the conditions to
be met, all of which are adequately covered by the report of the
joint committee referred to above, we recommend the adoption
of the following

PLAN FOR EMPLOYMENT SERVICE FOR THE MEMBERS

OF THE A. S. C. E., A. I. M. E., A. S. M. E. AND A. I. E. E.

(1) That the four societies continue their support the
employment service for their membership, to be conducted as
heretofore under the supervision of an executive board made up
of the four secretaries thereof.

(2) The publication of notices of men available to be con-
tinued in the societies' journals without charge to members,
thus providing for a continuance of free service to members.

(3) That beginning September 1, 1923, a "maintenance
charge" be made to all those who obtain positions through the
Employment Service, on the following basis for the first year,
with such adjustments later as may be deemed necessary:

$10 for all positions paying a salary of $2000 per annum or less.
$10 plus one per cent of all salary in excess of $2000.
Temporary positions: one month or less, 3 per cent of amount

of salary received and no refund of Bulletin subscription.
Thus, for example, the fee for a $2000 position would be $10

" " 2500 a " " 15

" " " 5000 a " 40

(The average of salaries paid for positions filled through the
Employment Bureau during the last ten months has been over
$3000; and approximately 2500 positions have been filled during
the past year). Based upon conservative figures, the esti-
mated income for twelve months would be

1500 X $20 = $30,000
(4) That registration of available men be restricted to mem-

bers of the four societies named above, at least until the plan
has proved to be entirely satisfactory and financially sound.
Later the question of extending the Service to members of all
organizations exchanging courtesies with these four societies
could be considered, including state, county, or local engineering
organizations with which any of the local Sections of the four
national societies are affiliated; to members of the student engi-
neering organizations affiliated with these four societies.

(5) That beginning with the inauguration of the paid Serv-
ice, the publication of "Positions Available" in the societies'
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journals be discontinued. I n its stead there should be sub-
stituted an employment bulletin, which will be sent out at suit-
able intervals only to those who are regularly registered as
available. (It is estimated that about one-third of the present
3600 on the registration list would be desirous of having their
names continued thereon, and would be agreeable to paying a
registration maintenance fee on the following basis: Three
months, $3; one year $10; thus making a fund of approximately
$3600 available every three months for the purpose of pub-
lishing the bulletin. This should be sufficient to support a
weekly issue distributed under first class postage. Positions
would be listed with a key and credit would be made on the
"maintenance charge" of the amount paid for the current quar-
ter of the employment bulletin, or for advance quarters.)

(6) That whatever surplus remains at the end of the first year
from the income from fees and the amount appropriated by the
societies, be utilized for the extension of the Service to other
cities; this plan to be continued from year to year until the
Service is developed to a truly national basis; if necessary the
"maintenance fees" to be increased sufficiently to provide funds
for this widening of the scope of the activity-as the narrow-
ness of the present Service is its chief weakness. (Whereas in
the larger cities the work might require not only the entire time
of one man, but also of some assistants, in smaller cities it will
probably be possible to arrange with local engineering organiza-
tions to divide the time of one man between the Employment
Service and the Secretaryship of a local society.)

(7) That the four societies agree to underwrite this Service
for one year, on the basis of the cost of maintaining the present
Service for the past year, apportioned according to the number
of members of each society who obtained positions during the
last year and actually appropriate fifty per cent of the amount
underwritten; the appropriation to be made available for use
at any time during the year.

The undersigned are hopeful that all four governing bodies of
the national societies concerned will give prompt approval to
these recommendations in order that the plan may be promptly
announced in our publications and put into effect on September
first.

In conclusion we call attention to the fact that the joint com-
mittee whose report was recently submitted was advised by legal
counsel that a paid Service limited to. the members of the socie-
ties only, such as recommended herein, could be inaugurated
without involving the question of taxation, and without requiring
compliance with the laws relating to employment agencies.
However, even if this should not prove to be the case, our recom-
mendations still stand, as the amount involved for taxation of
the office space to be utilized and the employment licensing fees
would not be sufficient to jeopardize our proposed plan.

Respectfully submitted,
JOHN H. DUNLAP, Secretary, A. S. C. E.
F. F. SHARPLESS, Secretary, A. I. M. E.
CALVIN W. RICE, Secretary, A. S. M. E.
F. L. HUTCHINSON, Secretary, A. I. E. E.

Philadelphia Section Prepares for
Active Year

The Philadelphia Section is preparing under the direction of
Chairman -elect Ross B. Mateer for a very active year. New
activities are to be inaugurated such as presentation of latest
developments in the industry at stated meetings,-selling the
aims and activities of the Institute to students,-coordination of
relations with other Sections. The finance committee has pre-
pared a definite budget for the year. The following is a list of
committees appointed With their chairmen: Finance, J. L. Mac-
Bui46yi1' Meetings and Papers,' R.'B. Mateer, ex -officio; Mem-
bership, P. E. Tiff§bn;' Publicity, E. C. Drew; Attendance,
L. H. Rittenhouse': technical, H. S.' Phelps; Student Branch
Activities, C. D. Fawcett; Sections Coordination, L. J. Costa.

Core Losses in Electrical Machinery
The National Research ('ouneil, in its division of engineering,

has appointed a commit tee on ( 'ore Losses in Electrical Machin-
ery. This committee has in Course of preparation, with a view
to publication, a bibliography, or list of publications on the
general subject of core losses, from 1885 to 1922, including eddy
currents, skin -effect and hysteresis, as well as their effects on the
behavior of electrical machinery. In view of the great industrial
and technical importance of cure losses on the output, efficiency,
heating and cost of electrical machinery and apparatus, it is
very desirable that the subject should be thoroughly studied, so
as to reduce such losses to a minimum.

All persons interested in the subject and especially in the prep-
aration of a useful bibliography, are invited to communicate with
the Secretary of the Committee, Mr. P. L. Alger, Induction -
Motor Department, General Electric Company, Schenectady,
N.Y.

FEDERATED AMERICAN ENGINEERING
SOCIETY

ENGINEERS PROTEST AGAINST REMOVAL OF
DIRECTORS OF THE U. S. RECLAMA-

TION SERVICE
Engineers are protesting strongly against the removal of

Arthur P. Davis as Director of the U. S. Reclamation Service.
Secretary Work's action is characterized as prejudicial to the
public interest, and the Secretary is described as pursuing a
dangerous course.

The Federated American Engineering Societies have raised
formal and vigorous objection to the displacement of Director
Davis. The position of the Federation is explained in the fol-
lowing statement by Executive Secretary L. W. Wallace:

"The Federated American Engineering Societies has a mem-
bership of 28 engineering societies. They are local, state and
national in scope and have headquarters in 24 cities of the United
States. The combined membership of these 28 societies is
50,000 engineers. The engineers represented through the 28
societies formed the Federated American Engineering Societies
in order that they might have an agency through which to give
expression to the views of engineers regarding public questions
of an engineering aspect.

"The sole purpose for which the organization was formed is
that of enabling engineers of the United States to render an
essential public service. Its reports on 'Waste in Industry'
and 'The Twelve -Hour Shift in American Industry' are expres-
sions of the way in which the organization has been functioning
in the interest of the public. It has also functioned in relation
to certain national legislation and activities of Governmental
bureaus, all of which has been done for the sole purpose of being
of service to the American public.

"The recent change made in the Director of the Reclamation
Service, therefore, comes within the purview of this organization
and many other engineering and ,technical groups. The officers
of the Federated American Engineering Societies, as well as the
officers and members of many engineering and technical groups,
are much concerned with the recent announcement relative to
the displacement of the Director of the Reclamation Service
and appointing in his stead a man who apparently is not tech-
nically trained and fitted to direct an important technical service
of the Government.

"This procedure is looked upon with grave concern by the
engineers and technical men of the United States, because such
summary action as discharging an eminently successful employe
after 35 years of service without a hearing or adequate explana-
tion, and with a request to hand in his resgination to take effect
within two weeks will undermine the morale of all the technical
agencies of the Government and may lead the most competent
men to more readily accept engagements with commercial
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and industrial agencies, thus interfering with the efficient opera-
tion of the technical bureaus of the Government.

. "If it is true, as has been reported, that certain governmental
officials believe that a man not technically trained and fitted is
more competent to direct a technical bureau than one so trained
is correct, then, indeed such action as has taken place regarding
the Reclamation Service might be reasonably expected to occur
in other technical branches of the service, such as the Bureau of
Mines, the Bureau of Standards and the Geological Survey as
examples.

"Members of engineering and technical bodies are not willing
to believe that such policy is a wise one and is in the best interest
of the American people. Many technical directors of large
works both within and without the Government Service, have
ably directed such projects both from a business point of view,
as well as from a technical one.

"One of the marked tendencies in recent years has been the
placing of technical men in charge of large industries and commer-
cial enterprises. The managing directors or presidents of many
large public utility companies, railways and industrial organiza-
tions are technically trained men. Therefore, the step taken in
connection with the Reclamation Service is contrary to the policy
of many industrial organizations.

"Because of the far-reaching results that might. ensue and
because of the seriousness of the situation, the organized engi-
neers and technical men of the United States are preparing to
make a thorough search into the considerations that led to the
action taken in regard to the Reclamation Service. The Ameri-
can Society of Civil Engineers has appointed a special committee
to investigate the matter. The Public Affairs Commit tee of the
Federated American Engineering Societies, through its chairman,
J. Parke Channing of New York, has already addressed a letter of
inquiry to the Secretary of the Interior concerning the action.

"This is being done not from the standpoint of questioning
the right of a Government official to discharge anyone that he
may elect, but from the point of view of the wisdom of the
announced policy that a technical bureau can be more effectively
directed by a man not technically trained and fitted in compari-
son with one so technically trained and fitted.

"The work of the Reclamation Service is essentially
engineering and technical. There are business aspects to
be true, but so far as known there has been no criticism of the
business direction of the Service, other than perhaps by certain
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interests in the West which have endeavored to secure a reduction
in or have endeavored to repudiate payments for reclaimed lands
purchased.

"Should this demand prevail, the fundamental principle of the
enabling act will be displaced and the revolving fund for the
continuation of the work will be dissipated, so that other needed
projects cannot be carried out unless there be additional drains
upon the Treasury of the United States. Furthermore, should
such an eventuality ensue public confidence in the' integrity
of the direction of such work would be so shaken as to make it
difficult to secure appropriations from Congress to extend the
work of reclaiming the arid lands of the west.

"In the main, the support for such has come from the West,
but should there be a question as to the wisdom with which the
projects are selected and executed then it is entirely probable
that the West would not receive support from other sections
of the country. Therefore, not only is the morale of the tech-
nical service at issue but also the larger thing, perhaps reclama-
tion itself.

"It is these considerations that are causing organized engineers
and technical men to make a thorough study of the situation.
Undoubtedly pronouncements wal be forthcoming as the result
of such study. The evident interest and concern among engi-
neers and technical men regarding this situation, as well as their
views, may be gleaned from the strong editorials that have and
are appearing in the technical publications regarding it."

ENGINEERING FOUNDATION
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REPORT FOR THE YEAR ENDED FEBRUARY 8, 1923
The Annual Report for the eighth year of the work of the Engi-

neering Foundation has recently been published. This report
includes a general resume of the year's work, by Chairman Alfred
D. Flinn, financial statement, a list of Officers and Members of
the Board and Committees for 1922 and 1923, and a list of publica-
tions. "Graphitic Corrosion of Cast Iron," by J. Vipond Davies,
and "Internal Stresses in Metals," by E. P. Polushkin appear
in the appendix. The Second Report on the Research on the
Fatigue of Metals, which has been carried on by H. F. Moore
and T. M. Jasper at the Engineering Experiment Station of the
University of Illinois, is printed at the end of the book.
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American Engineering Standards Committee
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OVERHEAD LINE MATERIAL SPECIFICATIONS
CONSIDERED BY A. E. S. C.

The American Electric Railway Association has submitted its
specifications for overhead line material for action by the Ameri-
can Engineering Standards Committee, to determine the ques-
tion of sponsorship and to arrange for the submission of the
specifications already developed by the A. E. R. A. to a duly
organized sectional or working committee, which will make such
revisions and additions as may be necessary to bring these speci-
fications up to the full status of an "American Standard." The
special committee to consider the question of sponsorship and
scope of the specifications, which are also of direct interest to
other than electric railway interests, is headed by Mr. A. H.
Moore: representing the Electrical Manufacturers Council on
the A. E. S. C.. and includes representation from the National
Electric Light Association, American Railway Association,
Electrical Manufacturers Council, American Institute of Elec-
trical Engineers, American Electric Railway Association, Ameri-
can Short Line Railway Association, and the Bell Telephone
System.

The attitude of the A. E. R. A. in submitting its specifications
for this action by the A. E. S. C. will very definitely favor the
unification and elimination of conflicting specifications in this
field. which is a very important one to a large group of industries,
and involves expenditures of great magnitude annually in con-
struction, maintenance and replacement of power, light, tele-
phone, telegraph and railway signal lines.

44th Meeting American Electrochemical
Society in Dayton

The Fall meeting of the American Electrochemical Society
September 27-29 gives promise of being one of the most interest-
ing sessions ever held by this Society. The papers and dis-
cussions will be of particular interest to electrical men, chemists,
foundry men and electroplaters.

Dayton, Ohio, has been chosen as the place of meeting with
headquarters at the Miami Hotel. The technical meeting will
be devoted to a symposium on "Electrochemistry of Gaseous
Conduction." Mr. Duncan MacRae of the Research Depart-
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ment of the Westinghouse Electric & Manufacturing Company
will act as Chairman. This session will include a number of
most interesting papers and discussions on triatomio hydrogen,
ozone, X-ray tubes, audions, neon lamps, Bock Arc, oxidation of
atmospheric nitrogen, etc. A number of very interesting papers
are in the course of preparation by men who are well qualified
to discuss these respective subjects.

The other subject of the symposium covers "Recent Develop-
ments in Electrolytic Refining of Metals." Mr. F. R. Pyne of
the U. S. Metals Refining Co., Carteret, N. J., will act as chair-
man. This program will embody papers on copper, tin, lead,
nickel, zinc, iron, etc.

An innovation of this meeting will be a Round Table discussion
on the following four subjects: Electric Furnace Brass Foundry
Practise, Utilization of Chlorine, Organic Electrochemistry, and
Electroplating. These Round Table discussions will be presided
over by men recognized as authorities on these particular sub-
jects, and will be of special interest to men in this locality, be-
cause many brass foundries are located in Dayton and the
main phases of the brass melting art will be discussed. Dayton
is also one of the largest and most important electroplating cen-
ters on account of the large amount of electroplating carried on
by companies such as the National Cash Register Co.

Convention of Illuminating Engineering
Society

The 1923 Convention of the Illuminating Engineering Society
is to be }field September 24 to 28 inclusive at Lake George, N. Y.

A unique program of entertainment is being provided and
unusual spectacular lighting features are being planned. It is
hoped to combine business and pleasure at this Convention in a
manner to enable all visiting delegates, and particularly the
ladies, to enjoy the wealth of scenic beauty so abundant in this
wonderful country of mountains and lakes.

A well balanced program of commercial and technical papers is
being prepared by the Committee on Papers under the direction
of Mr. J. L. Stair of Chicago. The officers of the General Con-
vention Committee are:

Messrs. W. D'A. Ryan, Chairman, H. W. Peck, Vice -Chair-
man, H. E. Mahan, Secretary, all of Schenectady, N. Y.

National Officers of I. E. S. Elected
The newly elected officers of the Council of the Illuminating

Engineering Society for the fiscal year 1923-1924 are as follows:
President, Clarence L. Law; General Secretary, Samuel G.

Hibben; Treasurer, L. B. Marks; Vice -President, D. McFarlan
Moore; Directors: James P. Hanlan, Howard Lyon and H. F.
Wallace.
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A. M. JACOBS, after a stay of three years in the Far East, has
returned to his native country and has joined the staff of the
Electricity Supply Commission of the Union of South Africa.

ROBERT T. ANDERSON has resigned as an instructor in Elec-
trical Engineering at the University of Pennsylvania to accept
a position as Chief Engineer at Girard College.

JAMES MASEK has severed his connection with the Cutler
Hammer Mfg. Company of Milwaukee and is now associated
with the Westinghouse Electric & Mfg. Co., East Pittsburgh,
Pa.

A. M. TALBOT, formerly with the Ohio Public Service Com-
pany in Cleveland, has been appOinted General Manager of the
Tremont Gas, Electric Light & Power Co., operating in Tremont,
Nebraska.

C. L. FORTESCUE has recently been appointed manager of the
newly -created Porcelain Insulator and Transmission Engineering
Department of the Westinghouse Electric & Mfg. Co., East
Pittsburgh, Pa.

E. J. STEINBERG resigned on June 1st as Resident Engineer for
the Railroad Commission of Wisconsin, and has accepted a
position as Service Engineer with the Milwaukee Electric Rail-
way and Light Company.

JAMES P. BRADNER, who has been connected with one of the
government departments at Washington, D. C., has been placed
in charge of the Pacific Coast Sales division of the Pyrone Manu-
facturing Co., in San Francisco, Cal.

ANNA C. HOEGEN and HARRY D. GARRETSON, Associates of
the A. I. E. E., were married on June 11, 1923. Mrs. Garretson
is a technician of radiotherapy and Mr. Garretson is Secretary
and Treasurer of Waite & Bartlett Mfg. Co.

E. M. KERR has left the employ of Mr. P. H. Reardon of San
Francisco, where he designed special machinery for use in
canneries, and is at present with the Pacific Gas & Electric
Company in their Northern California territory.

EMERSON PUGH has resigned his position  as Instructor in
Electrical Engineering at Purdue University to enter the Devel-
opment Engineering Division of the Western Electric Company
at Chicago.

LESTER W. SCHEU has left the employ of the Hickok Electrical
Instrument Company, Cleveland, Ohio, to accept a position
with the Price Electric Company, where he is in charge of their
laboratory.

GEORGE W. VAUGHAN, formerly Assistant Professor of Elec-
trical Engineering, Trinity College, Durham, N. C., is now
connected with the Electric Bond & Share Company, in its
Electrical Division.

FRANK B. CARPENTER, formerly Electrical Engineer with.the
West Virginia Engineering Company, Charleston, W. Va., has
severed his connection with that firm and is now Electrical Engi-
neer, in charge of the Electrical Department, of the J. C. Sulli-
van Mining Interests of West Virginia.

PHILIP S. BEIGLER has given up his position as Associate Pro-
fessor of Electrical Engineering at the State College of Washing-
ton to become head of the Department of Mechanical and
Electrical Engineering at the University of Southern California,
at Los Angeles.

JOYCE R. KELLY has severed his connection with the Tele-
phone Sales Department, Western Electric Company, to take
up the work of engineering consultant in the Research Division
of the Policyholders Service Bureau, Metropolitan Life Insurance
Company, New York City.

CHAS. L. LEIGHTON has recently resigned as Manager of the
Cushing, Oklahoma, property of the Minnesota Electric Light &
Power Company and has accepted the position of Manager
of the Commercial Department with the Fort Smith Light and
Traction Company, at Forth Smith, Arkansas.

ADDAMS S. MCALLISTER, who has during the past two years
been liaison officer of the Bureau of Standards and the Federal
Specifications Board, assigned to the headquarters of the Ameri-
can Engineering Standards Committee in New York City, has
been recalled to Washington for special work by Secretary
Hoover of the Department of Commerce.

N. H. COIT has resigned his position as Superintendent of the
Auburn Plant of the Western Public Service Company, Auburn,
Nebraska, to take up duties as Assistant to H. G. Harvey, Com-
mercial Manager of the Pennsylvania Edison Company, Easton,
Pa. This latter Company is one of the important links in the
Pennsylvania -New Jersey Power System controlled and operated
by The W. S. Barstow Management Association, Incorporated.
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Obituary
CAPTAIN ROBERT W. HIINT head of the firm of Robert W.

Hunt & Co., consulting engineers, died at his home in Chicago on
July 11th. Captain Hunt who was very well known to the steel
trade was recently the recipient of the Washington Award, the
presentation taking place at the annual meeting of the Western
Society of Engineers on June 18, 1923. This 1922 award was
made to Captain Hunt "for preeminent service in promoting
the public welfare, for his pioneer work in the development of the
steel industry in the United States and for a life devoted to the
advancement of the engineering profession." Robert W. Hunt
was born in Fallsington, Pa., December 9, 1838. In 1857 he
moved to Pottsville where he spent several years acquiring a

practical knowledge of steel mill operation and chemistry. He
later established the first analytical laboratory maintained by an
iron and steel company in America. In 1865 he introduced the
use of the cupola for remelting. He superintended the rolling
of the first steel rails produced on a commercial order in America..
In 1873 he became superintendent of the Bessemer plant at
Troy, N. Y. In 1883 Mr. Hunt was elected President of the
American Institute of Mining Engineers, and in 1891 President.
of the Mechanical Engineers. In 1906 he was again President
of the A. I. M. E. and in 1893 President of the Western Society

of Engineers. In 1912, the John Fritz Medal was awarded to
Mr. Hunt "for his contributions to the early development of the
Bessemer process."
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PAST SECTION MEETINGS

Akron.-June 5, 1923. Election of officers as follows: P. C.
Jones, Chairman; C. D. Black, Secretary -Treasurer. There
was a paper by S. H. Mortensen of the Allis-Chalmers Co. on
"Synchronous Motors in Rubber Mill Service." This was a
joint meeting with the A. S. M. E. Attendance 95.

Denver.-June 8, 1923. Annual meeting and election of
officers as follows: H. B. Dwight, Chairman; W. C. Duvall,
Vice Chairman; R. B. Bonney, Secretary -Treasurer. The spea-
ker of the evening was W. W. Lewis, of the General Electric
Company, who spoke on "Some Problems Pertaining to the
Interconnection of High -Tension Power Systems." The lec-
ture was illustrated by moving pictures. Attendance 45.

Lynn.-May 11, 1923. Subject: "The Measurement of
Sound." Speaker: A. G. Webster, Professor of Physics, Clark
University. Attendance 110.

June 25, 1923. Annual meeting. The following officers were
elected: L. E. Smith, Chairman; C. A. B. Halverson, Vice
Chairman; P. E. Twiss, Secretary -Treasurer. Attendance 105.

Madison.-June 5, 1923. Election of the following officers:
Geo. E. Wagner, Chairman; J. E. Wise, Member of Executive
Comm. E. J. Kallevang, of the Wisconsin Power, Light &
Heat Co. spoke on "Transmission Systems of Wisconsin."
Attendance 17.

Milwaukee.-Feb. 20, 1923. Subject: "Cross Flow Im-
pulse Turbine." Speaker: Forrester Negler, of the Allis-Chal-
mers Mfg. Co. Attendance 225.

March 22, 1923. Subject: "Brine Spray Information."
Speaker: S. C. Bloom. Attendance 200.

April 18, 1923. Meeting held under the auspices of the Engi-
neers Society of Milwaukee, at which George F. Staal spoke on
"The Destruction Plant at Montevideo." Attendance 175.

May 16, 1923. Meeting held under the auspices of the A. S.
C. E. at which Mr. Harrington, National President of the A. S.
C. E. addressed the audience on "Civic Responsibilities of the
Engineer." Attendance 250.

May 28, 1923. This was a dinner meeting for members of the
Section and student members at Marquette University and
School of Engineering of Milwaukee. A social program was
arranged, and the principal speakers were George Andrae, John
I. Beggs and John McDill Fox. Attendance 103.

Philadelphia.-June 19, 1923. Election of offieers: Ross B.
Mateer, Chairman; R. H. Silbert, Secretary; E. C. Drew, Asst.

Secretary. This was field day for the local sections of A. S. M.
E. and A. I. E. E., and golf, tennis and baseball were enjoyed,
after which there was a dinner.

Pittsburgh.-June 21, 1923. As officers for the ensuing year
the following were elected: 011ie Needham, Chairman; M. E.
Skinner, Secretary. R. A. Manwaring, of Dwight P. Robinson
& Co. gave an illustrated lecture on "Accomplishments of Ameri-
can Engineers in Brazil." Attendance 50.

Toledo.-June 15, 1923. Subject: "History of the Toledo
Edison Plant." Speaker: T. J. Nolan. An inspection of this
plant followed the speech. Attendance 35.

Urbana.-May 16, 1923. Election of officers as follows:
Ellery B. Paine, Chairman; Chas. T. Knipp, Secretary and
Treasurer. Attendance 8.

Vancouver.-June 5, 1923. Election of officers as follows:
F. W. MacNeill, Chairman; Asger Vilstrup, Secretary. At-
tendance 9.

PAST BRANCH MEETINGS

University of Arkansas.-May 1, 1923. Subjects:
"Methods of Radio Control," by H. M. McCain; "Uses of
Radio," by Dean Ault; "Descriptions of Some Radio Stations,"
by L. G. Lovell. Attendance 11.

May 15, 1923. Engineers' Annual Camping and Inspection
Trips.

May 29, 1923. Election of officers as follows: Joe Cunning-
ham, Chairman; L. G. Lovell, Vice Chairman; C. E. Bowman,
Secretary; Joe Blake, Treasurer. Descriptions were gi-ien
by three students of plants visited on inspection trips.
Attendance 14.

Marquette University.-June 5, 1923. Election of officers
as follows: E. 0. Triggs, Chairman; Wm. A. McCarville, Vice
Chairman; N. Hoffman, Secretary, W. J. Hecker, Treasurer.
Attendance 28.

University of Michigan.-April 26, 1923. A talk on the
history of some old machines in the Engineering Laboratory was
given by Dean Patterson. Attendance 40.

University of Washington.-June 5, 1923. Election of
officers: Edward Kraft, Chairman; Edwin T. Naden, Secre-
tary. T. M. Libby, of the Todd Ship Yards at Tacoma, gave
a talk on "Electrical Communications on Naval Ships." At-
tendance 24.
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Engineering Societies Library
7'he library is a cooperative activity of the American Institute of Electrical Engineers, th, im.firon Noce, ty ul

Civil Engineers, the American Institute of Mining and ill,tallurgical Enyi rs and the Ann Hello t y of II f chum-
eal Engineers. It is administered for these Founder Soei, ties by the Undo d Enuinceri tiff ,~oriel y, 115 a pul,lir rt 1, I., lict
library of engineering and the allied srienees. Il curdrri(IS /6u,UlrU volumes and pamphlets and fee, 14111 oly
most of the important periodicals in its field. It is housed in the Engine( ring Societies .!1i NI Thirty-
ninth"St., New York.

In order to place the resources of the Library at the disposal of those nimble to visit it in person, the Library is
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance.
Charges sufficient to cover the cost of this work are made.

The Director of the Library will gladly give information concerning charges for the various kinds of servire to
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may
understand clearly what is desired.

The library is 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. in. to 6 p. m.

BOOK NOTICES (JUNE 1-30, 1923)
Unless otherwise specified, books in this list have been pre-

sented by the publishers. The Society does not assume responsi-
bility for any statements made; these are taken from the preface
or the text of the book.

All the books listed may be consulted in the Engineering Socie-
ties Library.

DICTIONARY OF APPLIED PHYSICS, V. 4; LIGHT, SOUND/
RADIOLOGY.

By Richard Glazebrook. Lond., Macmillan & Co., 1923.
914 pp., illus., diagrs., tables, 9 x 6 in., cloth. 63s.

Volume four of the Dictionary follows the plan of its predeces-
sors, that is, it defines briefly the minor terms in its field and
refers the user for further information to the extended articles by
experts on general. topics. These general articles are well-
rounded summaries of present knowledge on the principal
topics, provided with adequate references to the literature.

In this volume the subjects discussed are sound, light and
radiology. Special articles are included on crystallography,
diffraction gratings, the eye, glass, goniometry, graticules, infra-
red transmission, interferometers, the kinematograph, lenses,
light, luminous compounds, the microscope, navigational in-
struments, opthalmic apparatus, optical calculations, optical
glass, periscopes, photographic apparatus, photometry, the
pianoforte, polarimetry, polarized light, projection apparatus, the
quantum theory, radiation, radioactivity, radiology, radium,
range -finders, shutters, sound, sound ranging, spectrophoto-
metry, spectroscopes, spherometry, surveying instruments,
telescopes, and wave -length measurements, as well as on other
subjects.
APPLIED MECHANICS.

By Alfred P. Poorman. 2d edition. N. Y., & Lond.,
McGraw-Hill Book Co., 1923. 293 pp., diagrs., 9 x 6 in.,
cloth. $2.75.

A text -book for undergraduate courses in engineering schools.
Departs from the usual procedure by making extended use of the
graphic method of solution and by presenting a large number of
illustrative examples which have been solved in detail to show
the relation between the principle which has been developed and
the problems to which it applies. Several changes have been
made in the new edition and the section on statics has been
expanded.
APPLIED PERSONNEL PROCEDURE.

By Frank E. Weakly. N. Y., & Lond., McGraw-Hill Book
Co., 1923. 192 pp., 8 x 6 in., cloth. $2.00.

This hook is not intended to be an exhaustive treatise on
personnel administration, but rather to describe in concrete
fashion a number of phases of personnel management with which
the. work of the author has made him familiar. He writes from
long experience as a worker, as head of a personnel department
and as a general executive. The methods that he describes will
fit both large and small organizations and have been,tested by
use.

BUREAU OF NAVIGATION. By Lloyd M. Short.
FEDERAL POWER COMMISSION. By Milton Conover.

(Institute for Government Research. Service monographs of
the U. S. Government, Nos. 15 and 17). Balt., Johns Hopkins
Press, 1923. 9 x 6 in., cloth. $1.00 each.

Like the other volumes of this series of studies of the services
of the United States government, these monographs on the
Bureau of Navigation and the Federal Power Commission are
designed to give an account of their history, organization and
operations. Of use to the public, members of Congress and
executive officers. The plan of the hooks is uniform. They
give in each case a history of the establishment and development
of the service, a detailed description of its activities, an account
of its organization and of its plant, a compilation of the laws and
regulations governing its activities, financial statements showing
its appropriations and expenditures, and a full bibliography of
the sources of information.
DIESEL AND OIL ENGINE HAND BOOK.

By Julius Rosbloom. Los Angeles, Technical Publishing Co.,
1923. 376 pp., illus., diagrs., tables, 7 x 5 in., boards. $3.00.

The first five chapters of this handbook explain the principles
of the Diesel engine, describe the pumps, governors and other
auxiliary machinery and give directions for testing. Chapter
six offers detailed descriptions of a number of commercial types,
and chapter seven discusses Diesel-electric ship propulsion. The
book is intended as a reference work for practical men.
THE DYNAMO, ITS THEORY, DESIGN AND MANUFACTURE. Vol. 2.

By C. C. Hawkins. 6th edition. N. Y., & Lond., Isaac
Pitman & Sons, 1923. 322 pp., illus., diagrs., 9 x 6 in., cloth.
15s.

In the opening chapter of this volume, which completes the
study of continuous -current dynamos, a detailed analysis of the
effect of armature reaction on the flux -curve under load is given
both for non -commutating -pole and commutating -pole machines.
Succeeding chapters discuss commutation and sparking at the
brushes, the heating of dynamos, dynamo design, working and
management. Two designs are worked out. in full, to illustrate
the application of the numerous formulas which have been givenin the text.
ELECTRIC MOTORS; Vol. 2, Polyphase Current.

By Henry M. Hobart. 3d edition. Lond., & N. Y., Isaac
Pitman & Sons, 1923. 384 pp., diagrs. 9 x 6 in., cloth. $4.50.

Volume one of this treatise was reviewed recently. The con-cluding volume continues the account without interruption,
giving special consideration to polyphase current questions.
The treatise is intended for the designer rather than for the
student and is intended to show the state of the art at the presenttime.
ELEKTRISCHE DURCHDRUCHFELDSTARKE VON CASEN.

By W. 0. Schumann. Berlin, Julius Springer, 1923. 246
pp., diagrs., tables, 10 x 7 in., paper. $I . 40.

Presents the results of the author's experimental investigations
and the theories to which these have led, together with a sum-mary of the work of previous investigators.
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The book is divided into three sections. The first summarizes,
briefly but completely, all published measurements of discharge
potentials and breakdown fields. Section two contains an intro-
duction on the kinetic theory of gases, followed by an account of
J. S. Townsend's work on the phenomena of spontaneous dis-
charge in gases. The section closes with an attempt to picture
the state of the conducting bodies in gases in strong fields which
is necessary for sparking. In the third section the considera-
tions of section two are applied to atmospheric air, the depend-
ence of the electric strength upon the geometric arrangement of
the electrodes being especially studied.
ELEKTRISCHE SCHALTVORGANGE.

By Reinhold Rudenberg. Berlin, Julius Springer, 1923.
504 pp., illus., diagrs., 9 x 6 in., boards. $4.00.

A book discussing the changes of a temporary nature which
may occur in electric circuits and which are of interest in the
operation of high power electric systems. Treats both the phe-
nomena produced intentionally in the transition to a new opera-
ting state and those of an accidental character which are accom-
panied by short-circuit and over -voltage phenomena. The work
is based on a series of lectures delivered by the author, the Chief
Electrician of the Simens-Schuckert Works, before the Electrical
Engineering Society of Berlin, but the lectures have been ex-
panded to cover the results of all recent investigations. A
bibliography is included.
JAHRBUCH DER ELEKTROTECHNIK 1921.

By Karl Strecker. Munchen, R. Oldenbourg, 1923. 237
pp., 10 x 7 in., paper. $1.00.

The Jahrbuch der Electrotechnik is an annual report on the
more important results and occurrences in electricity, prepared
by specialists from a review of the book and periodical literature.
The present volume corresponds to the calendar year 1921. The
book is classified into four main classes, Electro-mechanics,
Electrochemistry, Communication and Signalling, and Measure-
ments and Scientific Research, which are further divided into
specific subjects, each of which is surveyed by a specialist.
About 140 periodicals, chiefly German, have been reviewed.
LIGHTING CIRCUITS AND SWITCHES.

By Terrell Croft. N. Y., & Lond., McGraw-Hill Book Co.,
1923. 472 pp., illus., diagrs., 8 x 6 in., cloth. $3.00.

Prepared for use as a practical reference book, this work dis-
cusses those circuits and connections, and their applications,
which are needed at times by everyone concerned with electric
lighting. Although the simpler circuits have been included, the
chief emphasis is placed on the more complicated circuits and
control methods.

The material relates almost wholly to electric lighting circuits
and switches for interior applications, operating on low -potential

systems. Most of it concerns 110 -220 -volt, two -wire or three -
wire systems. One chapter is devoted to theater lighting cir-
cuits. The text is concise, the information being chiefly set
forth by diagrams and drawings.
MOLECULAR PHI SICS.

By James Arnold Crowther. Ed. 3. Phila., P. Blakiston's
Son & Co., 1923. (Text -books of chemical research and engi-
neering). 189 pp., illus., diagrs., tables, 8 x 5 in., cloth. $2.50.

The three years that have elapsed since the second edition of
this book have been marked by great changes in scientific
thought. The nuclear theory of the atom has been placed on an
incontrovertible basis and our knowledge of the structure and
constitution of the atom has been thereby immensely increased.
In order to reflect this new outlook as faithfully as possible the
whole text of the book has been thoroughly revised, and rewritten
where necessary. A new chapter on the theory of quanta and
its extension to atomic phenomena has been added. The new
edition, like its predecessors, is a coherent, intelligible account
of the present state of the electrical theory of matter.
RAILROAD ELECTRIFICATION AND THE ELECTRIC LOCOMOTIVE.

By Arthur J. Manson. N. Y., Simmons -Boardman Pub-
lishing Co., 1923. 332 pp., illus., diagrs., tables, 9 x 6 in., cloth.
$4.00.

A book written to give railway officials and operating men a
knowledge of the design, construction and operation of electric
locomotives and of their application to different kinds of railroad
service. The book opens with a statement of theoretical prin-
ciples, which is followed by descriptions of the various motors
and other elements of the electric locomotive, illustrated by
examples from practise. Examples of the solution of problems
encountered in electrification are given. An appendix contains
a brief history of the electrification of American steam railroads
and a number of useful tables covering electrification projects
throughout the world.
SCIENTIFIC MANAGEMENT AND THE ENGINEERING SITUATION.

By Sir William Ashley. Load., Humphrey -Milford, Oxford
University Press, 1922. (Barnett House Papers, No. 7). 28

pp., 9 x 6 in., paper. $ . 35.
This pamphlet contains the Sidney Ball Memorial Lecture

delivered before the University of Oxford, 28 October, 1922, by
the Vice -Principal of the University of Birmingham. Sir Wil-
liam Ashley devotes himself to criticism of Scientific Manage-
ment, particularly as applied to engineering and the metal trades.
His examination is analytical and his attention is particularly
directed toward the method of remuneration of labor. He finds
much to criticize unfavorably from the viewpoint of the student
of economics, in present theories of management, and indicates
his objections briefly in an interesting way.
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01' PORT UNIT1 ES.-Desirable opportunities for service from responsible sources are announced in this Bulk -
tin, and no charge therefor is made.

MEN A VA I LA BLE.-Under this heading brief announcements will be published without charge. to the members.
Announcements will not be repeated except upon request received after a period of three months, during which period
names and records will remain in the active files.

NOTE.-Notices for the JOURNAL should he addressed EMPLOYMENT SERVICE, 33 West 39th
Street, New York, N. Y., the employment clearing house of the National Societies of Civil, Mechanical, Mining and
Electrical Engineers.

Notices for the JOURNAL are not acknowledged by personal letter, but if received prior to the 16th of the month
will appear in the issue of the following month.

All replies to either "Opportunities" or "Services Available" should he addressed to the key number indicated in
each case and forwarded to EMPLOYMENT SERVICE, as above.

Replies received by the bureau after the position to which they refer has been filled will not be forwarded, and will
be held by the bureau for one month only.

OPPORTUNITIES
Instructors (2) in the Department of Physics.

1-2 years experience, to conduct recitation and
class work in undergraduate courses. Applicant
should have had some graduate study or experi-
ence In electrical measurements. Application
by letters. Salary not stated. Imcatiqn, New
York City. R-1101.

Instructor In electricity. Equivalent of High
School education. Eight years' practical ex-
perience Including apprenticeship time 50 per
Cent of time spent in technical school allowed.

Experience of Journeyman electrician or foreman,
who has worked with the tools for the required
period, but while doing so has acquired sufficient
knowledge of the related theory and drawing
to train boys to the point where they are not only
intelligent employes, but also productively
efficient. Application by letter. Salary not
stated. Location, Mass. R-1095.

POW If, it SALES E NO INHER for progressive
central station in excellent field. Application
by letter. Salary not stated. Location, New
England; R-1402.

SALES ENGINEERS, young single mon for
positions as sales and service engineers, calling on
superintendents, managers, engineers, chemists,
and metallurgists, for manufacturers of well-
known high-grade automatic electrical and WM-
poraturo equipment, extensively timed in factories,
power Viants, chemical and industrial works.
Knowledge 1)r physics and elementary electricity
required. Graduates of technical schools pre-
ferred. Candidates must 101 free to travel in
the great manufaettarimr and industrial districts.
Young of good address and ability to talk
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convincingly to engineers wanted, but no
1)1TV10114 experience demanded. Write describing
education, earning experience, if any, and stating
age, salary desired. Location, Now York City.
11-1406.

EXPERIENC1CD DIE DESIGNER with
technical knowledge and practical experience
In the drawing and stamping of metals. Must be
competent to take charge of entire design on
small parts of a complicated nature. Must have
manufacturing ability in addition to engineering
and designing experience. Application by letter.
Salary not stated. Location, Michigan. It -1414.

ELECTRIC DISTRIBUTION ENGINEER,
with experience in over head lines. Application
by letter. Salary not stated. Location, Central
America. R-1421.

MECHANICAL ENGINEER with operating
and maintenance experience in large industries,
Man between 30-40 years of age. Application
by letter. Salary not stated. Location, New
York State. R-1426.

MECHANICAL ENGINEER, 30-40 years,
having had foundry and machine shop experience
to act as assistant to general manager of a wire
mill machinery company in coordinating the
work of the different departments. Application
by letter. Salary not stated. Location, Illinois.
R-1450.

MAN to take charge of Transformer Assembly
Dept. Must thoroughly understand high -voltage
apparatus and the assembly of such apparatus
in large units. Application by letter. Salary
not stated. Location, Canada. R-1451.

MECHANICAL ENGINEER. American be-
tween 27-40 years of age, pleasing appearance
and personality, the ability and experience to
write and prepare a concise report on diversified
engineering projects, and at least 5 years' ex-
perience in practical estimating work. Appli-
cation by letter. Salary not stated. Location,
N. J. R-1453.

PUMP TESTER WANTED. Man having
experience in the testing of centrifugal pumps,
steam pumps, and power pumps. Must be
thoroughly familiar with modern test floor
methods and competent to handle electrical
and hydraulic equipment. Application by letter
stating age, experience, present salary and salary
expected. Location, Michigan. R-1475.

SUPERINTENDENT for a cement plant,
having a capacity of about 250 barrels per day.
Must be able to take entire charge of plant and
capable of checking up chemical analysis of cement
when necessary. Application by letter. Salary
not stated. Location, Peru. R-1476.

GRADUATE ELECTRICAL ENGINEER
having had considerable experience on power
house and industrial building design work,
capable of layout of power and light circuits,
switchboard and wiring diagrams of generating
units, calculation and layout of power feeders,
calculation of illuminating systems and making
up material lists. Application by letter. Salary
not stated. Location, New York City. R-1478.

OPPORTUNITY for ENGINEERS, re-
sponsible executive, preferably familiar with
manufacture or sale of high-grade multiblade
fans, to form sales agency with advertiser. Prod-
uct in use for years in highest grade buildings
and plants. Financial connections and references
must be of the best. Application by letter.
Salary not stated. Location, New York City.
R-1510.

DRAFTSMAN experienced on general power
house work and familiar with high press piping.
Application by letter. Salary not stated.
Location, New York City. R-1520.

STEAM ENGINEER, technical graduate,
about 30 years of age, with 5 years' experience
in power plant design and layout of Mechanical
and electrical power equipment, some operating
experience desirable to fill permanent position as
assistant to steam engineer in large chemical
company. Application by letter giving detailed
list of positions held in last 10 years, references

and salary tlehlretl. Location, Northern O.
R-1534.

DRAFTSMAN over 21 years of age for elec-
trical power switchboard -drafting work, who
has had ut least 4-5 years experience and capable
along that line in every detail. Application by
letter. Salary not stated. Location, Now
Jersey. R-1830.

COMPETENT COMBUSTION ENGI-
NEER with college education, shop and plenty
of boiler combustion experience to supervise and
make adjustments to combustion control systems.
Application by letter giving full information in
answer. Salary not stated. Location, Pa. It -
1538.

POWER HOUSE DRAFTSMAN, capable
draftsman wanted with considerable experience
in power house design, including steam turbine
installation, auxiliaries, piping, boilers and coal
handling. Application by letter. Salary not
stated. Location, Maryland. R-1539.

SALESMEN -ENGINEERS wanted to dis-
tribute the product of one of the oldest and best
known precision instrument manufacturers on
liberal commission basis. Territories open in
all parts of the country. Add to your line or
take on this line if you are in touch with archi-
tects, engineers, builders, etc. and want agreeable
lucrative work. Application by letter. R-1540.

DRAFTSMAN for power plant layout.
Experienced man only. Application by letter.
Salary not stated. Location, New York City.
R-1558.

DRAFTSMAN on general construction work,
capable of designing industrial buildings, making
machinery layouts, piping layouts, and ordinary
machine design, checking drawings made by
others. Application by letter. Salary not
stated. Location, Va. R-1567.

ELECTRICAL DRAFTSMAN for design
of electrical instruments. Application by letter.
Salary not stated. Location, New Jersey.
R-1598.

MAN with experience on design of finished
product rather than production and methods.
Application by letter. Salary not stated.
Location, New York. R-1599.

ASSISTANT PROFESSOR in electricity,
mathematics, and physics, in a State Technical
Institution. Application by letter, stating age,
training, experience, and inciosing photograph.
Salary not stated. Location, Mass. R-1621.

YOUNG MAN having had an electrical
training and some accounting experience to
maintain plant and operating records. Applica-
tion by letter. Salary not stated. Location,
New York City. It -1634.

SALES ENGINEER who has acquaintances
among dry docks, shipbuilders, naval archi-
tects. Application by letter. Salary not stated,
Location, New Jersey. R-1635.

YOUNG ENGINEER thoroughly familiar
with the latest theories and developments of
radio and also having natural sales ability for
the position of sales engineer or possibly sales
manager in our corporation. Application by
letter. Salary not stated. Location, New Jer-
sey. R-1642.

MECHANICAL DRAFTSMAN to act as
checker on small parts of oxweld acetylene
equipment. Application by letter. Salary not
stated. Location, New Jersey. R-1647.

ENGINEERS having had conveyor layout
or structural steel design experience, to do
designing work on industrial conveyor machinery,
pneumatic and package handling conveyors.
Application, by letter. Salary not stated.
Location, New York State. R-1657.

SALES ENGINEERS, having had considerable
experience on conveyor lines, pneumatic package
handling conveyors. Application by letter.
Salary not stated. Location, New York State.
R-1658.

DRAFTSMAN having had conveyor layout
or structural steel drafting experience, to do
drafting work on industrial conveyor machinery,
pneumatic and package handling conveyors.

Application by letter. Salary not stela&
Location, Now York State. It -1059.

LIVE WIRE 111011 CLASH SALESMEN
WANTED. Unusual opportunity for experi-
enced salesmen (preferably with cars), to sell
latest six tube radio frequency set. Perfect re-
production. Guaranteed, without any inter-
ference. Eastern states territory rights now
available. high grade proposition. Cash prof-
its. Only responsible parties need apply.
Application by letter. Salary not stated.
11-1060.

INSPECTOR for public utility company.
Application by letter. Salary not stated.
Location, N. Y. 1t-1671.

DESIGNING DRAFTSMAN experienced on
industrial building work, steel mill building
construction, power plants and conveyor and
machinery equipment. Application by letter.
Salary not stated. Location, Now York City.
R-1673.

ELECTRICAL ENGINEERING DRAFTS-
MAN for lighting and power work and conveying
experience for railroads. Application in person.
Salary not stated.. Location, DI. Y. C. R-1676.

DESIGN ENGINEER to specialize on wind-
ing, insulation and process engineering. Must
be technical graduate. Experience in machine
design, research or process work desirable but
not essential. Application by letter stating
training, qualifications and stating salary
expected. Location, Pa. It -1681.

BUYER for light and heavy mill supplies
who has had a technical education along mechani-
cal and electrical engineering lines, preferably
former, but one who is inclined to commercial
side of business and has not been engaged in
actual engineering so long that possibility of
making satisfactory buyer and fitting in with
large organization would be difficult. Age 26-32,
preferably married. Application by letter. Salary
not stated. Location, Ohio. R-1682.

ELECTRICAL DRAFTSMAN (3), with
at least six years' experience on power house,
outdoor substations, switchboard wiring diagrams
and transmission line experience. Application
by letter. Salary not stated. Location, New
York City. R -I685.

CHIEF DRAFTSMAN who has had experience
on either air compressors or pumps; preferably
both. 12 in. compressors and shotter, and 12 in.
on duplex steam and power pumps. To keep
line modernised and not to make plant all over
and bring out a lot of new designs. Application
by letter. Salary not stated. Location, Mid -
West. R-1686.

DRAFTSMEN familiar with modern foundry
equipment or cast iron boiler experience pre-
ferred or experienced in machine design to do
drafting work in connection with the changing
of an old foundry in exLstance for more than
fifty years from a hand ramming foundry to
machine ramming with the necessary changes
in the patterns and equipment, also changes
in the foundry to increase production. This
will necessitate building some machines. Appli-
cation by letter. Salary not stated. Location,
Conn. R-1687.

COMBUSTION ENGINEER, technical grad-
uate with 4-5 years' experience along combustion
and steam engineering lines. Application by
letter. Salary not stated. Location, 0. R-
1694.

RECENT TECHNICAL GRADUATES OR
MEN with one or two years' experience for
experimental work along combustion and steam
engineering lines. Application by later. Salary
not stated. Location, Ohio. R-1695.

FOREMAN for company manufacturing elec-
trolytic iron. Man between 40-50 years old
with technical education preferred. Must also
have executive experience. Application by letter
stating age, education and experience. Salary
not stated. Location, Conn. R-1703.

ELECTRICAL ENGINEER with several
years experience on layout of power and light
and telephone circuits and able to supervise
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nstallations. Application by letter. Salary not
stated. Location, New York City. R-1708.

ENGINEER with experience in metallog-
raphy, ferrous -metallurgy and electro-metal-
lurgy: for research and teaching with advanced
and graduate students: in cooperation with allied
lines In economic geology given by representative
of the Geological Survey. Application by letter.
Salary depends, but commensurate with ex-
perience and qualification fitting candidate to
work. Location not stated. R-1710.

DRAFTSMEN. preferably men with some
practical experience in mill construction designing.
Application by letter. Salary not stated. Loca-
tion not. stated. R-1712.

ELECTRICAL FORMAN. Large rubber cor-
poration desires services of an EXPERIENCED
ELECTRICAL FORMAN. preferably with
technical training to take charge of construction.
maintenance, winding and rebuilding of all types
of motors and generating equipment. Prefer
man 30-40 years old who has had industrial
training and capable of handling men. Per-
manent position and good salary. Application
by letter. Location, Mid -West. R-1718.

PRODUCTION EXECUTIVE for plant manu-
facturing electric motors and generators. Must
possess judgment, common sense, and have had
past experience in electrical motor and generator
field. Man capable of directing orders through
plant to meet shipment dates, also be able to
supervise small force of men, production chasers.
Application by letter stating age, education and
experience. Salary not stated. Location, North-
ern New Jersey. R-1719.

ELECTRICAL RATE SETTER for concern
manufacturing electric motors and generators.
Application by letter stating age, education and
experience. Salary not stated. Location, North-
ern New Jersey. R-1720.

MASTER MECHANIC with experience in
cotton piece goods finishing plant for a small plant
near Atlanta. Application by letter giving full
details of experience and salary expected in letter
of application. R-172.3.

CONSULTING ENGINEER located in Chi-
cago engaged in power plant and industrial plant
construction desires a partner to act in the
capacity primarily of business manager and
business getter. Should be acquainted through-
out Middle West, should have general knowledge
of power plant work and be a No. 1 salesman.
Moderate investment required. Application by
letter. R-1727.

SALES ENGINEER to take charge of Atlanta
office and travel in states of North and South
Carolina, Virginia, Tennessee, Georgia. Alabama
and Florida. Must have good general education.
some engineering training, either practical or
theoretical and at least two years' sales experience
in power plant specialities or allied lines. Appli-
cation by letter. Salary, expenses and bonus.
Headquarters, New York. R-1728.

SALES ENGINEER to operate out of Boston
office and cover New England territory. Must
have good general education, some engineering
training, either practical or theoretical and at
least two years sales experience in power plant
specialities or allied lines. Application by letter.
Salary, expenses and bonus. Headquarters.
N. Y. R-1729.

MASTER MECHANIC to take charge of
manufacturing and production of sheet metal
and screw machine shop. Application by letter.
Salary not stated. Location. N. J. R-1736.

SUPERINTENDENT for operation of hydro-
electric station situation on Pacific Coast.
Must be good mechanic and experienced operator,
married man preferred. Application by letter
stating age, education, experience, references
present salary and salary expected. Location;
Washington. R-1738.

ENGINEER with practical experience to
take charge of 2300 and 4000 -volt overhead
distribution and 6600 -13200 -volt transmission
calculations, records, and etc. Application by

letter. Salary not stated. Location, La. R-
1748.

ASSISTANT ENGINEER who would make
power and secondary calculations, and estimates
for 2300 and 4000 -volt overhead distribution and
6600 -13200 -volt transmission talculations, records,
etc. Application by letter. Salary not stated.
Location, La. R-1749.

SUPERINTENDENT of malleable iron -foun-
dry. Must have a complete knowledge of all
departments of foundry work, and ability to
handle 300 men, mostly Americans. Must have
had several years' practical experience in ex-
ecutive management of malleable iron foundry.
Application by letter. Salary not stated. Loca-
tion. New England. R-1490.

SET UP MAN for 0. 0. or No. 19 Brown and
Sharpe automatic screw machine. Must have
this experience. Application by letter. Salary
not stated. Location. New Jersey. R-1500.

ENGINEERS to sell Industrial Service to
manufacturers. Application by letter. Com-
mission basis. Location not stated. R-1509.

SALES ENGINEER for foreign sales work
with experience in pumps and condensers. Appli-
cation by letter. Salary not stated. Location.
Cuba. R-1615.

SUPERINTENDENT for operation of hydro-
electric station situation on Pacific Coast. Must
be good mechanic and experienced operator,
married man preferred. Application by letter
stating age, education, experience, references,
present salary and salary expected. Location,
Washington. R- I 738.

SALESMAN to sell our products. Must have
knowledge of packing jobbers trade, and have
sold this product before, or mechanical rubber
goods to this class of merchant. Application
by letter. Commission basis. Location not
stated. R-1739.

TESTING, and investigation for electric steam
power plants. Experience in small plant study
desirable. Application by letter. Salary not
stated. Some traveling. R-1750.

PRODUCTION ENGINEER for company
manufacturing radio equipment. Application
by letter. Location, not stated. R-1771.

ASSISTANT ENGINEERS power plant
building work. Must be able to correlate work
from inception in drawing room to requisitioning
of materials. Applicants to be capable to direct
steel and building design, specifications, analyses
of bids, and negotiate engineering details with
purchasing agent and contractors. R-1773.

TECHNICAL GRADUATES (3) in large
electrical laboratory. Work is closely connected
with electric, and physical measurements and
offers an unusually good opportunity for extensive
experience and advancements. Men who apply
should he adapted by iodination and training to
development and research work. Location, West
Lynn, Mass. R-1789.

SEVERAL MEN (2) for an electrical labora-
tory connected with large manufacturing plant
want men who have experience on meters or

. instruments. Must he at least high school
graduates and ambitious to develop along engi-
neering lines. Opportunities for good men unu-
sual. In replying give complete details of experi-
ence and training. Location, West Lynn. Mass.
R-1790.

RECENT GRADUATE for power sales work
in growing utility. Location New York State.
R-1791.

ELECTRICAL ENGINEERING GRADU-
ATE to enter service sales department of X-ray
manufacturing concern in Middle West. Some
sales experience preferred but not essential.
Character, address and intelligence must rank
high. Exceptional opportunity to enter high
class service and sales organization selling best
products. Location, Middle West. R-1796.

STEAM ENGINEER. Technical graduate
between 30-35 who has spent most of work on
steam and power problems in industrial organiza-
tion. Must be thoroughly qualified to super-
vise steam and power of company whose plants

aggregate 50,000 h. p. Send detailed informa-
tion, photograph and indicate compensation
desired. Must be willing to travel extensively.
Location, not stated. R-1779.

GENERAL ENGINEER, mechanical graduate
of executive ability, with wide experience in steam
and power work for one of the largest industrial
companies in the country. Construction experi-
ence not necessary. Proof of ability to handle
engineering department required. Give full
experience approximate salary requirements, small
untouched snap shot. Location, Ivorydale,
Ohio. R-1778.

DESIGN ENGINEER to specialize on wind-
ing, insulation and process engineering. Must
be technical graduate. Experience in machine
design, research or process work desirable but
not essential. Application by letter stating
training, qualifications and starting salary ex-
pected. Location, Pa. R-1681.

ELECTRICAL FOREMAN. Large rubber
corporation desires services of an experienced
electrical foreman, preferably with technical
training to take charge of construction, mainte-
nance, winding and rebuilding of all types 'of
motors and generating equipment. Prefer man
between 30-40 years old who has bad industrial
training and capable of handling men. Perma-
nent position and good salary. Application by
letter. Location. Mid -West. R-1718.

ENGINEER, in charge of power, repair and
construction work. College graduate in mechan-
ical or electrical engineering. Age 30-35 years.
Experienced in modern boiler and engine practise,
and in generation, distribution and utilization of
electrical energy. Must be capable of handling
mechanics, etc. Application by letter. Salary
not stated. Location, Middle West. R-1781.

SUPERINTENDENT of steam plant sub-
stations. Technical and practical experience in
both mechanical and electrical engineering and it
is essential that he should have had actual opera-
ting experience in steam generating plants. Must
be capable of operating and maintaining steam
plant, substations and meter department, which
come under his supervision in an efficient manner.
Also able to make up plans and estimate
for any improvements or additions. Application
by letter. Salary not stated. Location, West
Indies. R-1763.

JUNIOR ELECTRICAL ENGINEER, 1923
graduate for work in public utility in greater
New York. Application by letter. Salary not
stated. R-1764.

ASSISTANT TO PLANT ENGINEER for
company manufacturing electrical supplies.
Application by letter. Salary not stated. Loca-
tion, New Jersey. R-1769.

INSTRUCTORS
INSTRUCTOR IN ELECTRICAL ENGI-

NEERING. Work consists of Electrical Engi-
neering Laboratory and a class in either Radio or
Telephony. Prefer a man with from 1 to 3 years'
experience. Salary depends on qualifications.

he.

mechanics

DRel7n9:

INSTRUCTOR to tea
Internal Combustion Engines and M. E. Labora-
tory in southern university. Prefer man with

or

laboratory.experience

inTthesirinsuebjects
Must be technical graduate. Work lasts nine

an assist

(9) months, starting September. Small classes.
Application by letter. Salary not stated. Loca-
tion, South. R-1017.

expe-
rience preferred, but not essential. Application
by letter. Salary not stated. Location, Pa.
R-1220.

INSTRUCTOR for employes' classes in
organized educational department of a large
electric utility corporation. Must be Electrical
Eagineering graduate with experience in teaching
and in an operating company desirable. Write
full particulars and state salary acceptable for
first year, beginning net later than August 1st.
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Also enclose kodak photograph. A pplirat ion
by letter. Location, Ill. It -I264.

I N STR 1.1(11'0 it for employes' classes In (await-
ized ediivational department of a large electric
utility corporation, also leiN lug gas 'import'',.
Alum be a technical graduate with experience In
teaching and In operating company. Principal
classes, 'Manufacture and Distribution of' (tas
and Steam Engineering. Write full particulars
and state salary acceptable for first year, begin-
ning not later than August 1st. Also enclose
kodak photograph. Application by letter.
Location, Ill. R-1265.

ELECTRICAL ENGINEER having had 1-2
years' post graduate study and at least 10 years'
experience of which at least 3 years must have
been in teaching, to fill position of Associate Pro-
fessor of E. E. Application by letter. Salary
not stated. Location, Iowa. R-1298.

INSTRUCTOR to teach mechanical labora-
tory. elementary engines and boilers, and gas
engines. Must be technical graduate. Some
experience desirable. Term beginning in Sep-
tember. Application by letter. Salary not
stated. Location, South. R-1323.

RECENT GRADUATE ELECTRICAL
ENGINEER to teach radio engineering. Appli-
cation by letter. Salary not stated. Location,
Ga. R-1329.

RECENT GRADUATE to teach mathematics.
Application by letter. Salary not stated. Loca-
tion, Ga. R-1330.

INSTRUCTORS (4) in machine design and
descriptive geometry. 2 years' drafting experi-
ence on machine design with reputable company.
Application by letter. Salary not stated. Loca-
tion, South. R-1331.

MECHANICAL ENGINEER, as teacher in
mechanical drawing, thermo-dynamics and hy-
draulics, etc. Must be graduate of a technical
school. Application by letter, stating degrees,
experience, salary dtsired, etc. Location, South-
west. It -1344.

INSTRUCTORSHIP in Mechanical Engi-
neering in southern university. Courses vacant
are: internal combustion engines for fourth year
students, and lectures and laboratory coveting
all phases of engineering shopwork. Application
by letter giving full details of education, experi-
ence and also references. Location, Texas.
R-1347.

RECENT GRADUATES to go through train-
ing course in factory. manufacturing electric
fixtures, preparatory to more responsible position.
Application by letter. Salary not stated Loca-
tion. Conn. R-1350.

INSTRUCTOR with one year's teaching exper-
ience. for Department of Electrical Engineering.
Application by letter. Salary not stated. Loca-
tion, Middle West. R-1400.

INSTRUCTOR for Department of Electrical
Engineering. Application by letter. Sa'ary not
stated. Location, Middle West. R-1401.

INSTRUCTOR, School of Mechanical Engi-
neering. Must be a Mechanical Engineering
Graduate, and should have had one or two years
practical experience. Application by letter.
Salary not stated. Location, Pa. R-1415.

ELECTRIC DISTRIBUTION ENGINEER
with experience in over head lines. Application
by letter. Salary not stated. Location, Central
America. R-1421.

CHIEF DRAFTSMAN in our Engineering
Department, familiar with the design and con-
struction of special apparatus and machinery,
also with machine shop practise, and capable of
putting out drawings in our shop with the neces-
sary information on them, so that the shop is
fully informed as to just what is wanted. Appli-
cation by letter. Salary not stated. Location,
New York State. R-1471.

ASSISTANT PROFESSOR IN GENERAL
ENGINEERING DRAWING. Must be a
graduate of a recognized technical school, with
engineering experience. Application by letter.
Salary not stated. Location, Illinois. R-1472.

I N ST It I ICY1'1 lit in Mechanical Engineering to
leari rleneentaoy theory of steam foal gas eetngi-
netring and to assist In witching of classes in
tie ehanle'al enginoccing laboratory practise.
Duties begin first of September and continue for
nine months. Must be mechanical engineering
graditw. Totaling oxiwill.iiep net jai
but desirable. Application by letter. Salary not
stated. lexaton, West. R-1524.

IN S'l'lt UCTOR to teach General Engineering
at college in Department of Civil Engineering.
Desire young energetic man with preferably some
practical and teaching experience. Must be
able to teach Engineering Drawing, Descriptive,
Geometry, Graphic Statics, Elementary Engineer-
ing, including Civil, Electrical and Mechanical
and Preparatory Physics. Application by letter.
Salary not stated. Location, South. 11-1526.

STEAM ENGINEER, technical graduate,
about 30 years of age, wth 5 years' experience in
power plant design and layout of mechanical and
electrical power equipment, some operating ex-
perience desirable, to fill permanent position as
assistant to steam engineer in large chemical
'company. Application by letter giving detailed
list of positions held in last 10 years. references
and salary desired. Location, Northern, Ohio.
R-1534.

IN STRUCTOR in descriptive geometry for
college in Middle West. Mechanical Engineer
preferred. Application by letter. Salary not
stated.' Location, Middle West. 11-1601.

INSTRUCTOR in mechanical and machine
drawings, in a State Technical Institution.
Application by letter stating age, training, experi-
ence, and photograph. Salary not stated. Loca-
tion, Mass. R-1620.

ASSISTANT PROFESSOR in electricity,
mathematics, and physics, in a State technical
institution. Application by letter, stating age,
training, experience, and enclosing photograph.
Salary not stated. Location, Mass. R-1621.

INSTRUCTOR in machine drawing in a large
mid -western State College; a recent graduate
mechanical or electrical engineer. Application
by letter. Salary not stated. Location, Kan-
sas. R-1631.

ASSISTANT SUPERINTENDENT of
foundry laboratory in large University in Middle
West. College graduate about 26 years old with
practical foundry experience who desires to enter
the teaching profession and to engage in research
of foundry problems. Application by letter.
Salary not stated. R-1499.

INSTRUCTOR, Mechanical Graduate. Would
devote time to teaching drafting to boys, and
should have had some trade contract, since boys
are usually learning some trade other than draft-
ing. Teaching experience desirable though not
necessary. Opportunity for developing into an
administrative position very good. Application
by letter. Salary not stated. Location, Pa.
R-1690.

INSTRUCTOR, Technical Graduate with some
shop experience if possible to teach science,
mathematics and perhaps some general subjects:
Application by letter. Salary not stated. Loca-
tion. Pa. R-1691.

RECENT GRADUATES
RECENT GRADUATE ELECTRICAL

ENGINEER, must have good personality.
Application by letter. Salary not stated. Loca-
tion, New York City. R-1417.

RECENT GRADUATE to do research work
in connection with heating problems. Applica-
tion by letter. Salary not stated. Location,
New York City. R-1418.

RECENT ELECTRICAL ENGINEER to do
engineering and sales work, in connection with
small motors. Application in person. Salary
not stated. Location, New York City. R-1434.

RECENT GRADUATES (2) 1923, to do
inspection work on underground conduits and
cables. Application by letter. Salary not stated.
Location, Pa. R-1454.

1423 (IICADIJATIG 111:('IIANI(AI. Its
N IC E It for Upprelltlee ettlIrke Iading It, h.ii.
Salary 8100 fot the first 0 tits. gi iii I'': eleeth
the 211(1 It 11101101$ anti 7130 at
the 21a1 year. Application by Ietler
not staled. It -1405.

IC NO I N EMIL to take charge of our takine.iiiis
department of a eltemloul Want. I's o1,1.111,
elle011alered are similar to thine. encounter. .1 iii
most chemical plants such as black ash baring,
ligluviition, calcining. washing, filtering and
drying. Applirttion by letter. Salary not
staled. Location, Delaware. II -1473.

RECENT GRADUATE to start will an engi-
neering firm doing sanitation work. A pplieation
by letter. Salary not stated. !.oration, Now
York City,. It -1481.

RECENT GRADUATE to do promotional
work for a New England manufacturer of steam
power plant machinery. Application by letter.
Salary not stated. Location, New England.
R-1453.

RECENT GRADUATE ELECTRICAL
ENGINEER, Cornell, M. I. T. or Columbia
Graduate preferred, for general engineering work
along transmission and distribution lines. Appli-
cation by letter. Salary not stated. Location,
New York City. R-1575.

RECENT ELECTRICAL ENGINEER for
general engineering work for company mantifac-
curing storage batteries. Must have good
personality and be able to meet executives.
Application by letter. Salary not stated. Loca-
tion, New York City. R-1558.

DESIGNERS. Reinforced and structural
steel on industrial billidings. Application by
letter. Salary not stated. Location, Cal.
R-1607.

RECENT GRADUATE to make dynamo-
meter tests on gas engines. Must have some
knowledge of motor fuels. Application by letter.
Salary not stated. Location, New York City or
New Jersey. 11-1609.

RECENT GRADUATE ELECTRICAL
ENGINEER, to assist manager in show room,
work into sales for X-ray supply company.
Application by letter. Salary not stated. Loca-
tion. New York City. 11-1617.

DRAFTSMAN experienced in laying out floor
plans for equipping factories with machinery,
etc., for economic production. Rubber factory
experience preferred. Application by letter,
stating age, experience past positions and salary
expected. Location, New Jersey. R-1624.

YOUNG MAN preferably just out of college
and with the usual technical training that goes
with a course in mechanical engineering. Should,
however, have a particular leaning toward the
commercial or selling side of the machinery
business, as this is a sales office. first. last and all
the time. Work will be varied. It will cover the
laying out of mechanical power transmission and
conveyor equipments, with particular care to use
material carried in stock as far as possible and
therefore with as little special material or material
that must be made to order, as circumstances will
permit. He will also have to sketch out, when
necessary, timber, and steel supports for carrying
the machinery that will be safe and economical.
Figuring up estimates of selling price and the
ability to dictate a clear cut sales letter. it will
be necessary for him to go outside in sales work
more and more as his experience with the business
increases and with the idea that eventually all
his time will be devoted to outside sales work.
Application by letter. Salary not stated. Loca-
tion, New York City. R-1625.

GRADUATE MECHANICAL ENGINEER
with a few years' experience preferably around
copper mines and smelter, work will be mainly
repair and maintenance of smelting work mines
and small transportation system. Excellent
opportunity for young man to get good experience.
Fine climate and working conditions. Applica-
tion by letter, stating fully education, training.
experience and references. Salary not stated.
Location, Cal. R-1626.
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INSTRUCTOR in machine drawing in a large
mid -western State College; a recent graduate
mechanical or electrical engineer. Application
by letter. Salary not stated. Location, Kansas.
R-1631.

RECENT GRADUATES to be trained partly
ili the office in N. Y. and partly in our factory at
Buffalo, to prepare them for service abroad.
Unless a man feels that he is prepared to go abroad
and make his career there for a period of yews, he
is out of place in the organization of a Dye
and Chemical Co. Men of character and ability
with high ideals, ambitious to get on, and who
appreciate that such progress depends on hard
work, close application and the exercise of
conunon sense and sound Judgment. A knowl-
edge of some foreign language is necessary
for certain markets, but in all eases the can-
didate must by his mental make-up and dis-
position be above provincial resit ietions, and have
a real sympathy with the ideals and psychology
of the foreign people among whom he may be
expected to live. Application by letter. Salary
not stated. R-1639.

RECENT GRADUATES who are willing to
start at the bottom in mechanical department of
a sheet and tin plate company as machinists,
electricians, millwrights, etc. Application by
letter. Salary not stated. Location, not stated.
R-1713.

RECENT GRADUATE ENGINEER. Appli-
cation by letter stating age. education and experi-
ience. Salary not stated. Location, Conn.
R-1722.

YOUNG ENGINEERING GRADUATE to
go through course of training in shop and office to
qualify for position of Sales Engineer. Training
comprises at least 3 months' shop experience
and at least 1 year at head office as sales corres-
pondent with occasional selling and service trips.
Application by letter. Nominal salary paid while
training. Location, not stated. R-1730.

RECENT MECHANICAL ENGINEER to do
investigation connection with marketing
condition of petroleum position. Will develop
into sales work. Application by letter. Salary
not stated. Location, New York City. R-1733.

RECENT MECHANICAL.ENGTNEER 1922-
1923 to go through training course for firm manu-
facturing industrial heating appliances and coal
gas making machinery leading to plant, operating.
and construction positions. Application in person
Salary not stated. Location, New York City.
R-1735.

RECENT GRADUATE to do general office
work in sales office of company handling power
specialities and refrigeration equipment. Appli-
cation by letter. Salary not stated. Location.
New York City. R-1737.

RECENT GRADUATES. Mechanical Engi-
neering for company manufacturing fluid meters.
Application by letter. Salary not stated. Loca-
tion, Mid -West. R-1641.

RECENT 1923 GRADUATES, Mechanical
Electrical, or Chemical Engineers for training
course in gas company for industrial sales work.
Application by letter. Salary not stated. Loca-
tion, New Jersey. R-1651.

RECENT GRADUATE for mills, forges and
open hearth departments of a steel company in
Pennsylvania who are willing to commence at
bottom and spend the years necessary to learn
these branches of the business from ground up.
Application by letter. Salary not stated.
R -I6&3.

MEN AVAILABLE
MECHANICAL AND POWER ENGINEER.

Eight years' broad experience, machine shop,
sugar refinery, industrial and power plant design,
layout, construction, heat -balance, steam, water
power requirements, investigation and reports.
E-4384.

YOUNG MAN 23. S. B. in electrical engineer-
ing from M. I. T. One year W. E. & M. Co.
small motor engineering and test. Seven months
power plant design. Desires position in power

plant design or operation: preferably with a
public utility company. At present employed.
E-4385.

ELECTRICAL ENGINEER. Age 30. tech-
nical graduate desires position along qualified
lines. Experience includes Westinghouse test.
testing and research at Bureau of Standards.
three years responsible charge of experimental
and testing laboratory in motor manufacturing
concern and past two years engaged in teaching
electrical engineering and physics. Has studied
accountancy and cost accounting. Available
within reasonable time. E-4386.

SEMI -TECHNICAL MAN with several years
practical experience seeks position with electrical
power company, in engineering department.
Experience rather than big pay desired. Will
go anywhere. E-4387.

PUBLIC UTILITY ENGINEER or EXEC-
UTIVE. Specialist in management problems:
Valuation; financial studies; engineering reports;
statistical analyses; budget planning and di-
rection; construction, maintenance and operating
estimates; rates; taxes; insurance; coordination
of engineering; construction and operation with
accounting practise, etc. Can qualify for
responsible position with electric railway utility
management corporation consulting engineer or
public commission. Associate of A. I. E. E.
Technical course preceded by 1 year college
preparatory and 4 years commercial course.
Age 34, married. Tolerant, Protestant. Avail-
able 30 days. E-4388.

YOUNG MAN age 25. has E. E. degree 1921
and post graduate work in Columbia University,
is looking for an opening with some organization.
Has two years' experience in teaching physics.
but is now interested in manufacturing, testing
or public utility. A career is sought in this or
allied fields. Associate A. I. E. E. Will go
anywhere. Available at once. E-4389.

ELECTRICAL ENGINEER. University
graduate, 20 years' experience in the electrical
and mechanical manufacturing business, 7 years
in designing. 4 years in production and assisting
in the management of a small plant. Capable
of taking charge and directing men. Desires
position in a small or medium size plant in assist-
ing the management. Location Newark or
New York, Newark preferred. Can start on
reasonable notice. E-4390.

GRADUATE ELECTRICAL ENGINEER.
Married, age 27. desires position in power plant,
paper mill or manufacturing plant in a small
city where there is an opportunity to advance
and assume responsible position. Location de-
sired middle west. Salary expected $200. per
month. E-4391.

GRADUATE ELECTRICAL ENGINEER.
Age 28, unmarried. Has had experience on
G. E. Test, design and construction of power
stations and high-tension transmission systems,
valuation of public utilities and in the manu-
facture of radio apparatus. Desires position of
responsibility with opportunity for advancement.
E-4392.

YOUNG MAN, age 24, single. University
graduate in E. E.. one year experience in sales
office, drafting, sugar mill electrification, and
with public utility on reconstruction and plant
betterment work, desires position with public
utility or an instructor in technical institution
where graduate work can be carried. E-4393.

ENGINEER, M. E. and Ph. B. degrees,
specialized in electrical engineering; several years'
practical experience desires assistant professor-
ship of electrical engineering in North America
or where the English language is usually spoken.
Age 38. E-4394.

ELECTRICAL ENGINEER B. S. degree,
age 32, single. Four years' practical experience
along lines of light and power distribution and
industrial installations and maintenance. For
past three years has been assistant professor of
mathematics and electrical engineering in New

England. Now desires to make a change and
to locate in the southern states or in California.

Would consider either teaching or industrial
offer. Salary 33000. E-4395.

ENGINEERING EXECUTIVE. Technical
Graduate, 10 years' experience, valuation, pro-
duction cost and job analysis, time study and
control, construction engineering and design,
wishes to affiliate with growing manufacturing
organization or industrial engineering company,
age 30, American citizen. Married. E-4396.

ELECTRICAL ENGINEER age 30. single.

college graduate, Westinghouse students' training
course, power plant experience, desires oppor-
tunity for permanent position with consulting
engineer, public utility or electric railway com-

pany. Eastern state preferred. E-4397.
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 posi-
tion with electric light and power or mining
concern. Main consideration chance for ex-

perience. Location immaterial. E-4398.
MATERIALS AND PROCESSES ENGI-

NEER. Electrical and mechanical engineer
with good metallurgical training and experience,
who held responsible positions in designing and
engineering departments and for the last six

years has specialised exclusively in investigating.
developing and introducing new material and
processes for one of the largest American manu-
facturing concerns, would be willing to change
present position for another in charge of similar
work if sufficiently attractive inducements are
offered. Is running his own laboratory and
also general commercial application department.
Can prove excellent record in savings and im-
provements. E-4399.

RESEARCH PHYSICIST Ph. D., age 40;
employed during last six years with large manufac-
turing concern where fair opportunity has been
given for directing research work and doing exec-
utive work. Desires position where greater oppor-
tunity is to be found for organising and directing
.x'search. Has a very wide acquaintance both
among university and industrial research men;
is thoroughly familiar with modern physics.
Salary open. E-4400.

ELECTRICAL ENGINEER. Technical
graduate, age 28, single. 10 years' practical
electrical construction and maintenance ex-

perience. Desires position either in sales opera-
tion or construction work. Willing to travel
if necessary. Available immediately. E-4401.

POWER PLANT DESIGNER. University
gratuate, seven years' designing and construction
experience on large and small power plants.
substations and transmission lines. At present
employed on responsible work by large engineering
concern outside of New York City, desires
responsible position on power plant work in
New York City. E-4402.

ELECTRICIAN with thorough practical and
technical training, 20 years experience con-
struction and maintenance. Age 38, open for
position. Good worker, personality, physique
and health good. E-4403.

ELECTRICAL ENGINEER. Technical from
I. C. S. Age 25 years. Experience along the
lines of industrial plant maintenance and power
and lighting installation. E-4404.

TECHNICAL GRADUATE. Age 31, with
nine years' practical experience, installing,
maintaining and supervising work on industrial
electrical wiring and equipment, desires position
with an electrical construction firm or large
manufacturing plant. E-4405.

ELECTRICAL ENGINEER. University
graduate, 28 years of age, at present employed,
desires change. Formerly in charge of power
plant department of European manufacturing
company. Has successfully carried out in-
vestigation on theoretical and practical subjects
of electrical engineering. Throughout theoreti-
cally trained in problems of current and voltage
protection of power systems. Right kind of
work and chance for advancement and higher
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responsibility more desirable than salary to
start with. Location immaterial. Available on
notice. E-4406.

YOUNG MAN, 1920 graduate electrical
engineer with engineering and business experience,
knowledge of theoretical and practical accounting
wishes position in engineering or allied work
where there are opportunities for advancement.
E-4407.

SALE ENGINEER Graduate in both
mechanical and electrical engineering. 15 years
experience in office, executive and field sales work.
37 years old. Married. Available for whole or
part time or to act as Eastern representative
with headquarters m New York. Has own office.
Can take up new work on short notice. E-4408.

ELECTRICAL ENGINEER. Age 37, with
17 years' experience on designt construction,
and operation of power and substations, trans-
mission systems, electrification problems, light,
layouts, specifications, reports, handling economi-
cal problems in connection with industrial
plants and buildings, fuel analysis, operating
characteristics of electrical and mechanical
apparatus and advanced research work, desires
position where executive ability is required.
Fellow and member of many engineering and
scientific societies. E-4409.

SALES ENGINEER. Graduate electrical
engineer, age 29, single, has had seven years'
experience in the development of telephone and
telegraph apparatus, refrigeration and ventila-
tion. Recently engaged in a field survey relating
to sales. Has had a thorough training in business
correspondence and traveled extensively. Desires
position as sales engineer. E-4410

ELECTRICAL ENGINEER. Age 26, Gradu-
ate. Four years varied experience design
and construction, mechanical and electrical.
Wants opportunity to develop into sales engineer;
prefers New York City and vicinity. E-4411.

ELECTRICAL ENGINEER. Technical, grad-
uate, age 33 years. married, 12 years' experience
in testing, appraisal, inspection, design, desires
responsible position in connection with design
and layout of power houses, substations, feeders
etc., for railroad, utility or industrial plant.

Can take charge of drafting room. Present
position, designing electrical engineer in rubber
manufacturing plant, present salary $3000.
Interview in New York or vicinity in Seoteinber.
E-4412.

TECHNICAL GRADUATE in electrical en-
gineering courses and one year training in me-
chanical course. Ago 24, desires position with
electric and manufacturing or engineering concern
where a good futtue is assured. Now employed
as electrical sales correspondent, formerly in
testing department of large public utility. Trained
to think, ambitious, capable, hard worker.
E-4414.

ELECTRICAL ENGINEER. Technical gra-
duate, Associate A. I. E. E., age 25, single,
5 years, experience as assistant to moter superin-
dent, can test, repair and install all commercial
types of watt-hour meters. Now employed with
large utility company, having in service 20,000
meters. Desires position as meter superintendent
with utility company. Available on reasonable
notice. E-4413.

ELECTRICAL DESIGNING ENGINEER.
Technical graduate of university, associate
A. I. E. E., age 25, single. Three years' experi-
ence on design of hydroelectric generating and
transformer stations, one year in construction
work. Now with firm of consulting engineers,
but desires connection with company offering
opportunity for advancement. E-4415.

WANTED. Position in manufacturing com-
pany or public utility, graduate in E. E., ex-
perience at Westinghouse test, several small
shops, radio work, can carry out investigations
and turn in good reports, two years, teaching
experience, age 28. single, good health. E-4416.

DESIGNING AND ESTIMATING ENGI-
NEER. Ten years' experience with heavy
electric overhead traveling cranes, large sluice
gates, head gates and miscellaneous hoisting and
conveying machinery. Electrical traming and
some executive experience. Age 30. E-4417.

ELECTRICAL ENGINEER with three years'
plant construction experience, G. E. Test, one
and one half years general engineering on genera-
ting stations, substations, transmission lines, and

distribution systems, desires position In the
engineering department of public utility. E-4418.

ENGINEER desires position as assistant to
executive. Four years in G. E. test and shops,
six years layout, sale and installation of equip-
ment in industrial plants, power contracts
negotiations and rates. Five years assistant
engineer of the Quaker Oats Company. Two
years research engineer of public utility. Tech-
nical graduate, associate A. I. E. E., age 35,
married. Will locate anywhere. E-4419.

PARTNER ELECTRICAL ENGINEER with
eight years' experience in construction and
operation with public utilities companies in the
United States and abroad, with a small amount
of capital to invest, would like an active interest
in a growing contracting firm. Preferably in
the middle west. E-4420.

ELECTRICAL ENGINEER. Graduate of
well known middle western school, with fifteen
months practical electric railway experience and
six months sales experience desires position as
sales engineer, preferably of electric railways
supplies, though others will be considered.
E-4421.

ELECTRICAL ENGINEER 30 years old,
Associate A. I. E. E., desires position with power
plant or large public utility as assistant to chief
engineer or superintendent, offering opportunity
of advancement. Eight years' experience along
lines of light and power distribution, industrial
installation and maintenance, Westinghouse
Electric & Mfg. Co. experience in switchboard
and power plant construction and wiring diagrams.
Has had foreign experience, speaking Spanish
perfectly. Now employed, but available at
short notice. E-4422.

EXPORT SALESMAN ENGINEER, ac-
quainted with Latin America, Italy and Philip-
pines, capable of designing and installing power,
refrigerating, pumping and wood -working plants,
extensive traveling experience, selling for leading
machinery concerns, knowledge of Spanish and
Italian. Now employed, but will consider
connection with progressive concern desiring
an energetic, high grade foreign representative.
E-4423.
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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 August 31, 1923.

Albertson, D. E., East Penn Electric Co., Potts-
ville, Pa.

Arias, B. E., Telegraph Line Construction,
Mexico, D. F., Mex.

Bain, J. W., Canadian Westinghouse Co., Hamil-
ton, Ont.

Basford, C. R., Underwriters Association, Phila-
delphia, Pa.

Bourke, L. J., Washington Coast Utilities, Seattle,
Wash.

Burnett, W., Jr., Peabody Coal Co., Marian,
Lu.

Carpenter, E. E., (Member) British Columbia
Railway Co., Ltd., Vancouver, B. C.

Collier, C. A., (Member), Georgia Railway &
Power Co., Atlanta, Ga.

Conley, D. L., Alabama Power Co., Muscle
Shoals, Ala.

Crane, E. B., Erie Lighting Co., Erie, Pa.
Grandall, E. D., Public Service Production Co.,

Newark, N. J.
Cressman, C. S., Philadelphia & Reading Coal &

Iron Co., Pottsville, Pa.
Cushing, R. G., (Member), Stone & Webster,

Inc., Boston, Mass.
Daley, J. J., Electric Bond & Share Co., New

York, N. Y.
Davis, G., Kentucky Light & Power Co., Fulton,

Ky.
Dreyer, H. W., res., 2021 Dorchester Road,

Brooklyn, N. Y.
Duvoisin, E. M., General Electric Co., Schenec-

tady, N. Y.
Eberly, J. C., Firestone Tire & Rubber Co.,

Akron, Ohio
Eitel, H. C., Public Service Co. of Northern

Evanston, Ill.
English, W. C., Erie Lighting Co., Erie, Pa.
Foster, R. W., Western Union Tel. Co., Portland,

Ore.
Fowler, W. H., Rochester Telephone Corp.,

Rochester, N. Y.
Greve, L. F., Commonwealth Edison Co., Chi-

cago, Ill.
Griffith, G. M., Dallas Power & Light Co.,

Dallas, Texas
Haigis, C. D., Victor Talking Machine Co.,

Camden, N. J.

Hall, F. L., Beech Bottom Power Co., Power,
W. Va.

Hansen, A. F., Southern Pacific R. R. Co., Duns-
muir, Calif.

Hayes, Winston, Camp Alfred Vail, N. 3.
Heisley, N. C., Prior .& Sallada Co., Williamsport,

Pa.
Held, C. A.. Porcupine Davidson Gold Mines,

Porcupine, Ont.
Hogan, A. A., Pacific Gas & Electric Co., Oakland,

Calif.
Hurtado, L., Compania Independiente de Luz y

Fuerza, Mexico, D. F., Mex.
Ming, I. L., The Milwaukee Electric Ry. & Lt.

Co., Milwaukee, Wis.
Kasnick, C. F., Public Service Co.,

Ill.
Kenworthy, J. W., Wagner Electric Corp.,

W. Philadelphia, Pa.
Kirby, F. M., Edwards Electric Construction Co.,

New York, N. Y.
Kirkwood, A. C., res., 1531 Wood Ave., Colorado

Springs, Colo.
Larralde, H.. National Power Commission, Mexico

City, Mex.
Little, E. G., Industrial Controller Co., Mil-

waukee, Wis.
Menke, C. H., Mississippi River Power Co.,

Keokuk, Iowa

Evanston,
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Norclling, W. G., J. Livingston & Co., Inc.,
New York N. Y.

Nyerges, W. S., National Lamp Works, Nela
Park, Cleveland, Ohio

Page, K. L., New York & Queens Elec. Lt. & Pr.
Co., Bridge Plaza, Long Island City, N. Y.

Pamplona, R. L., General Electric Co., Sche-
nectady, N. Y.

Ray C. H., American Tel. & Tel. Co., New York,
N. Y.

Raymond, C. B., Portland Railway & Light Co.,
Portland, Ore.

Rerucba, E. A., res., Brainard, Nebraska
Riley, C. C., Submarine Signal Co., New York,

N. Y.
Shea, T. E., Western Electric Co., New York,

N. Y.
Shute, J. M., Central Illuminating Light Co.,

Peoria, Ill.
Sirotkin, G., Allis-Chalmers Mfg. Co., Milwaukee,

Wis.

Smith, W. M., South -Eastern Underwriters
Association, Atlanta, Ga.

Stockland, R. I., Western Electric Co., Inc.,
Chicago, Ill.

Stillman, C. B., Croeker-Wheeler Co., Ampere,
N. J.

Tennant, F. A., (Member), Erie Lighting Co.,
Erie, Pa.

Topalian, Asadour; res., 36 Brackett St., Brighton,
Mass.

Uphouse, W. F., Southwestern Bell Telephone
Co., St. Louis, Mo.

Webster, G. A., National Carbon Co., Cleveland,
Ohio

Werner, F., General Electric Co., New York,
N. Y.

Whitney, L. H., General Electric Co., Pittsfield,
Mass.

Wollaber, A. B., So. California Edison Co.,
Pasadena, Calif.

Wordal, 0. J., 581 Van Buren St., Milwaukee,
Wis.

OFFICERS OF A. I. E. E. 1923-1924

FRANK B. JEWETT

President
HARRIS J. RYAN

Junior Past -Presidents
WILLIAM MCCLELLAN

G. FACCIOLI
W. I. SLICHTER
R. F. SCHUCHAROT
H. W. EALES
H. T. PLUMB

HAROLD B. SMITH
JAMES F. LINCOLN
E. B. CRAFT
R. B. WILLIAMSON
A. G. PIERCE
HARLAN A. PRATT

Treasurer
GEORGE A. HAMILTON

Vice -Presidents
WILLIAM F. JAMES
H. E. BUSSEY
HERBERT S. SANDS
J. E. MACDONALD
S. E. M. HENDERSON

Managers

Honorary Secretary
RALPH W. POPE

H. M. HOBART
ERNEST LUNN
G. L. KNIGHT
WILLIAM MCCONAHEY
W. K. VANDERPOEL
H. P. CHARLESWORTH

Secretary
F. L. HUTCHINSON

Wylie, L., Chicago, Milwaukee & St. Paul
Railway, Seattle, Wash.

Yonekura, J., Takata & Co., New York, N. Y.
Total 64.

Foreign
Cheshire, A. A., Sumner Borough Council,

Christchurch, N. Z.
Judd, M. F., Public Works Dept., Wellington,

N. Z.
Kuka, J. M., (Member), The Tata Mills, Ltd.,

Bombay, India
Lee, J. H., Public Works Dept., Wellington, N. Z.
Matsuo, H., Taiwan Electric Power Co., Taiwan

Denryoku K. K., Formosa, Japan
McLennan, H. T. W., Dunedin Corp. Tramways,

Dunedin, N. Z.
Ottonello, R. J., Ottonello, Tibaldi & Co.,

Buenos Aires, Argentine Republic, S. A.

Sarieant, R., Riccarton Borough Council, Ric -

carton, N. Z.
Taranger, A., Western Electric Norsk A/ S,

Kristiania, Norway
Total 9.

LOCAL HONORARY SECRETARIES
Carroll M. Mauseau, Caixa Postal No. 571, Rio de Janeiro, Brazil.
Charles le Maistre, 28 Victoria St., London, S. W., England.
A. S. Garfield, 45 Bd. Beausejour, Paris 16 E., France.
H. P. Gibbs, Tata Sons, Ltd., Naysari Building, Fort Bombay, India.
Guido Semenza, No. 10 Via S. Radegonda, Milan, Italy.
Lawrence Birks, Public Works Department, Wellington, New Zealand.
W. Elsdon-Dew, P. 0. Box 4563, Johannesburg, Transvaal, Africa.

A. I. E. E. COMMITTEES
The list of committees is omitted from this issue, as new appointments will be

made for the administrative year commencing August 1. The new committees
will be listed in the September issue.

A. I. E. E. REPRESENTATION
A complete list of A. I. E. E. representatives on various bodies will be published

in the September issue.

A. I. E. E. SECTIONS AND BRANCHES
A complete list of the Sections and Branches of the Institute, with the names

of the chairmen and secretaries, will be published in the September issue of the

JOURNAL.
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DIGEST OF CURRENT INDUSTRIAL NEWS
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NEW CATALOGUES AND OTHER PUBLICATIONS
Splices and Tapes.-A booklet, 8 pp., describing the impor-

tant properties of tape, how they may be recognized, and con-
taining instructions for making a proper splice or joint. The
Okonite Company, Passaic, N. J.

Nickel.-Booklet, 20 pp. Describes the nickel products and
alloys of the British American Nickel Corporation, Ltd., L. J.
Buck, U. S. Sales Representative, 342 Madison Ave., New York.

Automatic Stokers.-Bulletin K-1, 4 pp., describing Type
K Stoker for operating boilers ranging up to 200 h. p. Combus-
tion Engineering Corporation, Broad Street, New York.

Electric Heat.-The name of a new miniature publication,
devoted to industrial heating, published by the Westinghouse
Electric & Mfg. Company, East Pittsburgh, Pa.

Electric Steel Castings.-Buls. 1-33. A series of bulletins
on electric steel castings, issued by the Nugent Steel Castings
Company, formerly the Electric Steel Company, Chicago, Ill.

Farm Line Extension Transformer.-Bulletin 2025, 8 pp.
Describes a new kv-a. transformer, designed and built on the
same principles as the largest power transformer for which a
high efficiency and very low core loss is claimed. Pittsburgh
Transformer Company, Pittsburgh, Pa.

Contact Point Manufacture.-A bulletin describes the
latest addition to the line of special and automatic machinery
for the working of rare metals, rods and wires, built by the Gen-
eral Engineering & Supply Company, 160 Fifth Ave., New York,
for the manufacture of electrical contact points.

Air Preheater.-Bulletin A-5, 12 pp. Describes the Howden-
Ljungstrom air preheater, for economical steam generation, the
recent invention of Frederick Ljungstrom of Stockholm. James
Howden & Company of America, Inc., Wellsville, N. Y., in
conjunction with the parent company of Glasgow, have con-
cluded an arrangement whereby the sole marine license has been
transferred to these companies. The air preheater will be made
at Wellsville for stationary purposes, and the first lot, twelve in
all, are now under construction for the International Paper
Company.

NOTES OF THE INDUSTRY
The Sherwin-Williams Company, Cleveland, Ohio.-

L. F. Mullen has been appointed Sales Insulation Engineer for
the Eastern District. Prior to July 1, Mr. Mullen was con-
nected with the Westinghouse Elec. & Mfg. Co., in the Insulation
Section at East Pittsburgh and St. Louis.

General Electric Company.-Franklin S. Terry, co -mana-
ger of the National Lamp Works, Nela Park, Cleveland, was
elected a vice-president of the General Electric Company, and
B. G. Tremaine, also co -manager of the National Lamp Works,
was elected a director of the G. E. Company at a recent meeting
of the board of directors held in New York City.

Line Material Company, South Milwaukee, Wis.-New
branch offices and warehouses have been established at 524 East
134th Street, New York City, in charge of K. M. Kline, Eastern
Manager; and at 128 Sidney Street, Cambridge, Mass., under
the supervision of H. J. Eslow. The branch office and ware-
house at Albany, N. Y. will be discontinued, as these two new
offices will serve the territory.

Pelton Water Wheel Company, San Francisco, Cal.-
E. M. Breed, for several years past, assistant manager of sales,
has been appointed sales manager for the company with head-
quarters at San Francisco. Mr. Breed has had wide experience
in hydroelectric work, having been connected with the company
in various capacities for the past fifteen years.

The National Carbon Company has installed a completely
equipped Emergency Service Plant where motor brushes, con-
tacts, etc. can be secured on short notice, on the seventh floor of
Arrott Building No. 3, Pittsburgh. This is the third of a series
of emergency service plants operated by the Carbon Products
Division of the company, the others being located at 237
East 41st Street, New York, and at 560 West Congress Street,
Chicago, Ill.

Standard Underground Cable Company, Perth Amboy,
N. J.-George H. Hawley has been appointed manager of the
Metal Departments, to fill the vacancy caused by the death of
C. C. Baldwin, which occurred on June 7th last. Mr. Hawley
has been production manager for the past three years of the
departments in question. He has had an unusually wide ex-
perience in such work, prior to his connection with the Standard
Company having been with the National Conduit and Cable Co.,
and the American Brass Co.

Dr. L. H. Baekeland, of Yonkers, N. Y., Honorary Pro-
fessor of Chemical Engineering in Columbia University, has been
made "Officier de la Legion d'Honneur" by the French Republic.
In 1919, King Albert of Belgium bestowed a similar distinction
upon Dr. Baekeland, making him "Officier of the Order of the
Crown of Belgium." Dr. Baekeland is specially known by his
research work in chemistry and his chemical inventions, notably
Velox, Bakelite, etc. He is president of the Bakelite Corpora-
tion and of the General Bakelite Company. During the war he
was a member of the Naval Consulting Board, the Nitrate Board
and other committees of the National Research Council. He is a
past -president of the American Institute of Chemical Engineers,
the American Electrochemical Society, and the Inventors Guild.

The Brenner-Moxley-Mervis Company, of Chicago,
has been organized for the production of copper rods and drawn
copper wire for power transmission, and eventually for various
allied products. The new company, which has a paid -in capi-
talization of $600,000, has acquired an eight-acre tract of ground
on South Kedzie Avenue, and now has under construction the
first unit of a plant which will eventually cover nearly the whole
of the site. The unit now being erected will have a frontage on
Kedzie Avenue of 116 feet and a depth of 388 feet, and will cost
over a half million dollars. It will consume approximately
100,000,000 pounds of copper annually and require 4000 horse
power to operate. The president of the new company is Nathan
T. Brenner, head of the American Insulated Wire & Cable Co.,
and the vice-presidents are William J. and George T. Moxley,
also president and secretary respectively of William J. Moxley,
Inc. N. T. Brenner, Jr., and M. B. Mervis, both of the American
Insulated Wire & Cable Co., are respectively treasurer and
secretary.

Arc Welding Patents Upheld. As a result of a hearing
in the United States Patent Office on May 3, 1923, in the case
of Waters vs. Holslag, a decision was recently rendered up-
holding an earlier award of the Examiners -in -Chief, giving prior-
ity to Claude J. Holslag, chief engineer of the Electric Are
Cutting & Welding Company, Newark, N. J., in the matter of
various patents relating to apparatus and methods of arc weld-
ing, cutting and repairing with alternating current. One of these
patents, No. 1,305,362, issued June 3, 1919, broadly covers the
use of an arc from a transformer, irrespective as to how the trans-
former is constructed. The decision affirmed stated in part that
"the gist of the broad invention is this new use for an old ap-
paratus. Ex post facto, the application seems obvious, but the
long want for such an apparatus in the welding art, unsatisfied,
as appears from the record, until the present system for use
of this apparatus, long known and used in other relations was
devised and found favor, indicates a high degree of invention."
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he Dictionary ,sa

signal ( sia'n41), a Distin-
guished from the ordinary;
extraordinary; conspicuous.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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IRVINGTON INSULATION
the only line that meets your needs i 000 /0,

Irvington Products meet your requirements 100%. They
include every kind of insulation manufactured:' cloth, paper,
liquid, tubular and solid. And the Irvington line is the only
one that does. If you must have a special condenser for your
radio set or insulation for rebuilding a turbo -generator,
Irvington is prepared to serve you.
And Irvington products are thoroughly dependable. Years of
constant service in every type of electrical machinery, and
in insulated wires and cables have given conclusive proof of
their ability to stand up under the most trying conditions.
Irvington Products are the result of 18 years of experience-
they possess the greatest dielectric strength of any insulating
materials ever produced.
The secret of Irvington Insulation success lies in its seven
factors of quality. Irvington Products are famed for high
resistance, high dielectric strength, non -hygroscopic qualities,
heat resistance, resistance to chemical action and maximum
elasticity.
I f you need insulating materials of any kind-insist on the
best-Irvington and nothing less.

Ask for samples and prices.

IRVINGTON VARNISH & INSULATOR. @.
Irvin Mon, Mew ersey:

Established 1905
imr ips

Sales Representatives:
Mitchell -Rand Mfg. Co., New York Consumers Rubber Co., ClevelandT. C. White Electric Supply Co., St. Louis
E. M. Walcott, Rochester Clapp & Lamoree, Los Angeles
L. L. Fleig & Co., Chicago F. C. Scofield, Toronto

ABSOLUTELY
FIREPROOF
FACTORY

Irvington Varnished Silk is
made to meet your specifi-
cation, for magnetos and all
fine instrument work wherea maximum dielectric
strength is required with a
minimum thickness.

Varnished Cambric tape-
black and yellow.

Please mentionmention the JOURNAL of the A. I. E. E. when writing to advertisers.



August 1923 ADVERTISING:SECTION

Ball. Bearings onVertical Motors
Reduce Starting Current-Prevent Wear

968

WHEN plain thrust bearings are used
on vertical motors an excessive

starting current is taken due to the fact
that the heavy weight of the armature

-has broken the oil film while the motor
is at rest. As a result fuses are frequently
blown out and the first few contact
points on the starters soon become badly
damaged. Furthermore the bearings wear
rapidly because of the difficulty of lubri-
cating them properly and oil frequently
leaks out onto the stator and rotor wind-
ings causing damage.

With SKF marked thrust ball bear-
ings taking the weight of the armature
these troubles are avoided. The motor
starts easily and runs easily as the chromc
steel balls are poised ready to roll prac-
tically frictionless between the hardened
steel races. Grease, the lubricant used,
need only be applied at infrequent inter-
vals and is effectively retained in the
housings by means of felt seals.

May our engineers co-operate in over-
coming your bearing problems on electri-
cal machinery?

THE SKAYEF BALL BEARING COMPANY
Supervised by $ K F INDUSTRIES, INC., 165 Broadway, New York City

Normal View Deflected View BALL
BEARINGS
The Highest Expression
elite Bearing Principle

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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"Sure,they're theVulcabeston
folks ," said t`he.IJlezntEngineero,

EVERY steam engineer knows
Johns -Pratt molded products.

They've been making Vulcabeston for
nearly forty years."
"Is that so?" ejaculated the Genera.
Manager. "Then they certainly ought
to know the molding business. But, as
I understand it, this Vulcabeston ma-
terial is a rubber and asbestos product.
What we want is something in molded
mica."
"Well, let me tell you that the Johns -

Pratt Company handle that too," came
back the Plant Engineer. "Why, did

you know that the line insulations
around our own works are made of
Johns -Pratt molded mica? Of course,
it is not my job to suggest who
should make molded mica parts for us.
But it just happens that I know some-
thing about J -P molded mica products
as well as J -P Vulcabeston, and I'll
say they stand up on the job."

"You are a good advocate, Jim," said
the G. M., smiling. "I am glad you
spoke. We will put our proposition
up to Johns -Pratt."

Johns -Pratt
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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AMONG users of J -P Vulcabeston
and Molded Mica products the

high standards and large production
facilities of Johns -Pratt Molding Ser-
vice have been widely known for
many years.

With the advent of Bakelite, Johns -
Pratt Molding Service quickly took

a leading position in molding this and
kindred synthetic materials.

In coping with the technicalities in-

volved in developing the most ad-
vantageous design for a molded part,

or in meeting the practical require-
ments of quality, production and
price, the long experience and large
resources of Johns -Pratt Molding
Service are of great value and are
highly appreciated by those whom
our molding knowledge and facilities
have benefited.
If you are a user or prospective user
of molded parts, we shall be glad to
show you specifically how Johns -
Pratt Molding Service can save you
money. Send us data on your re-
quirements.

The third rail shoe fuse box here illustrated
affords an excellent example of Johns -Pratt
Molded Vulcabeston construction (used ex-
tensively for heavy duty on electric railway
systems). Molded in six sections, assembled
with metal parts and vulcanized. Exposed to
all sorts of weather, subject to tremendous
vibration, attacked by the scorching heat of arcs,
the extreme severity of the service these shoe
fuse boxes are required to withstand forcefully
testifies to the user's confidence in this J -P
molded product. Where other materials would
quickly crack and crumble under the racking
vibration of this service, the tough, fibrous Vul-
cabeston remains unimpaired. Users of molded
products can fully rely on the experience and
ability of Johns -Pratt Molding Service to
select the proper material to meet
the service conditions of any molded
product application.

The JOHNS-PRATT COMPANY, Hartford, Conn.
BOSTON (9)

161 Summer St.
PHILADELPHIA

22 So. 15th St.

CHICAGO
35-37 So. Desplaines St.

PITTSBURGH
104 Sixth St.

EXPORT DEPARTMENT, 30 Church Street. New York, N. Y., U.S.A.

CLEVELAND
1365 Ontario St.

ST. LOUIS
314 N. Broadway

NEW YORK
41 East 42nd St.
SAN FRANCISCO

74 NewMontgomery St.

VULCABESTON

I, Molding
Bakelite

Condensite
Redmanol
Molded Mica

I Service Vulcabestort,
"201" Stock

32-3520-6

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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EnergyAbsorption

When railroad trains clank over the rail joints, the
spring suspension of the heavy car bodies takes up
the shock-protects trucks, track and freight from
danger-safeguards passengers and crew from dis-
comfort and danger.

And when the CONDIT D-17 Oil Circuit Breaker
opens a high power circuit it's the spring suspension
of its tank construction that takes up the impact of
expanding gases-protects the breaker from impair-
ment-safeguards life and property, and the service
of your plant, from possible hazard.

CONDIT ELECTRICAL MFG. CO.
Manufacturers of Electrical Protective Devices

SOUTH BOSTON, MASS.

NORTHERN ELECTRIC CO., Ltd.
Sole Distributor for the Dominion of Canada

SPECIFICATIONS: 1, 2, 3 and 4 Pole; Manually and Electrically Operated; up to 1,600 Amperes, 15,000 Volts; 600 Amperes,25,000 Volts. Interrupting capacity, 5,000 Amperes at 15,000 Volt'. 122-29

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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As we understand cooperation
[ Taking the power plant as an example]

Your Chief Engineer knows his units.

Texaco Lubrication Engineers know lubricants and they
understand their application to prime movers and machines.

Get these two together. Let them talk things over.

And then the Texaco Lubrication Engineer sent out on
the job will submit a list of recommendations covering the
right oil for each particular unit or machine and the correct
application and quantities for most efficient service.

He will show you the most gratifying kind of cooperation
through your chief engineer.

The two of them, working together, will show you almost
unheard of operating economy in your power plant.

So, then, let us get together to save costs when you make
power, and to save money when you buy it.

That is the net result of Texaco Lubrication Service.

Texaco Lubricants will be promptly delivered from one of our 700
warehouses all over the country and Texaco Service can be readily
secured by calling on our nearest district office.

XACO
The Correct Lubricants and Lubricating Service

One Thing More
And that is to give you the opportunity of getting his sustained interest in this important branch
our Magazine 'Lubrication." This magazine, pub- of engineering practice, may receive it.
lished by The Texas Company, contains technical,
authoritative articles covering the use of lubri- Thus the present list includes: Engineers, mechan-

ical executives purchasing agents, technical libraries,
universities-and YOU, when you reach for your pen

Anyone, whose business or profession guaranties or pencil and do the necessary.

T E hAco THE TEXAS COMPANY, U. S. A. Teo cc,

I...ir
TEX A CO Petroleum Products

-r Dept. EE, 17 Battery Place, New York City .....,0,.

Kindly put me on the mailing list to receive your magazine "LUBRICATION"

Name Street

City State
b-23
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Confidence!
Confidence in the "P & H"
Guaranteed Penetration Pro-
cess" has been thoroughly es-
tablished by the manner in
which it has withstood every
test. The lead shown here is typ-
ical of the many lines through-
out the nation built of "P & H"
Guaranteed Penetration Pro-
cess Poles

Guaranteed
Penetration Process
guarantees to the buyer, in writing,
a full one-half inch uniform pene-
tration of the preservative through-
out the ground line area. The Butt-
Treating price is refunded on any
pole that does not show this defin-
ite specified result.
Don't be satisfied with guesswork-in-
sist on the genuine -P & H" if you
want the lowest maintenance costs, the
most reliable pole service, the longest
pole life.
We can fill any pole needs-for Butt -
Treated and untreated Northern White
and Western Red Cedar Poles-or for
any form of Butt -Treatment.
Prompt shipment assured by the con-
venient location of our yards in the
North Central and Western States.
Get the facts about Butt -Treatments--
write for folder.

in in the

cfr

Guaranteed Penetration
Process Poles in lines of Dallas

Power & Light Co., Dallas, Texas

PAGE Ag13 HILL Co.
MIN 41 APOI.,I$ ,

New York, N. Y. 50 Church St.
Chicago, III., 19 So. LaSalle St.

N/1 I N NI
Grand Rapids, Mich., Powers Bldg.

Kansas City, Mo. 717 Bryant Bldg. Houston, Texas, 1111 Carter Bldg.
Omaha, Neb.. 513 Electric Bldg. Dallas, Texas, 31 1 Sumpter Bldg.

Buffalo, N. Y. 950 Ellicott Sq. Bldg
Louisville, Ky. 1416 Starks Bldg.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



August 1923 ADVERTISING SECTION

HOW MUCH DOES IT COST YOU
TO CHANGE A FEEDER?

The above cut shows the method of using 1,000,000 C. M. (circular mils)

straight 2 -way Dossert connectors connecting underground return system to

the overhead system.

In case of trouble or test work,. the negatives can be opened in, very little

time. This is a very big labor-saving factor over the old method of making

and soldering the joints and a big saving over switches.

Tests which have been made from time to time show that Dossert connectors

run at as low temperature as enabled by the conductors connected to them.

A FEW OF THE BIG CENTRAL STATION USERS OF

DOSSERT CONNECTORS
Adirondack Power er Light Co.
Brooklyn Edison Co.
Cleveland Electric Illuminating Co.
Coast Counties Gas ee Electric Co.
Connecticut Power Co.
Consolidated Gas, Electric Lt. 6e Power Co., Baltimore
Consumers Power Co.
Edison Electric Illuminating Co., Boston
General Electric Company
Metropolitan Edison Co.
Mountain States Power Co.
New York Edison Co.
New York 6e Queens Elec. Lt. er Power Co.
Ohio Power Co.

Pacific Gas fr Electric Co.
Pennsylvania Power ae Light Co.
Public Service Electric Company of N. J.
Public Service Co. of Northern Illinois
San Joaquin Light 6e Power Co.
Southern California Edison Co.
Stamford Gas 67' Electric Co.
Toledo Edison Co.
United Electric Light 6e Power Co.
Union Gas ee Electric Co., Cincinnati
United Gas fe Elec. Engineering Corp.
United Illuminating Co.
Westinghouse Elec. & Mfg. Co.
York Haven Water 6' Power Co.

SE,V1) FOR CATALOG 15

DOSSERT & COMPANY
H. B. LOGAN, President. 242 W. 41st Street, New York

Please mention the JOURNAL of the A. I. L. L. when writing to advertisers.
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A New Portable Oil Testing Set

Ready for carrying-weight
complete, about SO lb.

Ready for Serv'ce-The set may be supplied
from lighting circuits of 110 volts, 50 to 140 cycles.

e Tra.11
General Office a Sales Offices in
Schenectady, NY. all large cities

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

Especially for Field Use
Here is a set for the small station where the amount of
transformer oil to be cared for does not justify an elaborate
equipment or for the larger operating companies for routine
testing of oil in transformers at substations and distant
points. Because of its portability and ease of operation,
the quality of oil in drums at the time transformers are
being filled may be checked.

This set may pay for itself the first time you install trans-
formers by eliminating any drums of oil which may have
collected water in transit and storage, thereby saving the
expense of filtering all of the oil, which could easily be
contaminated in this way.

The oil testing cup, which contains the disc spark gap and
the oil to be tested, has been specially designed so that
only one pint of oil is necessary to meet the test specifica-
tions of the A.S.T.M.

31A Ii4
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Wagner Transformer coil design
provides liberal coil surface, as-
suring quick transmission ofheat
from coil to oil.

Coil design of Wagner Trans-
formers also obviates all pockets
which might obstruct circula-
tion and so permit excessive
heating.

The oil keeps cooling because it

keeps moving, and because am-
ply large case surface assures
adequate heat radiation.

Low temperature operation of
Wagner Transformers largely
contributes to the long life of
this equipment by effectively safe-
guarding coil insulation from in-
jurious overheating.

Write for Bulletin 1216.

WAGNER ELECTRIC CORPORATION
SAINT LOUIS

40° MOTORS AND "BLUEBLOOD" TRANSFORMERS

eilL 3 dia es? ah /-1- 111 S11Z i.111- ZT1Tl 1Tl Z l 1-11111,11,11 11 J. 11 111 -
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Recent Additions
ToTheWestirOouse Line of Relays

Typ, CZ Impedance Relay

Type A Polarity
Directional Relay

Type GR Periodic
Reclosing Relay

Types HM and HN
Thermostatic Relays
for Bearing and Grid

Protection

Type CO Over -Current
Low -Energy Relay

Type COA Over -Current Relay,
with Self -Contained Ammeter

Type CR Directiona.
Low Energy Relay

Relays The Sentinels of Your System.
Central Stations are giving more than usual consider-
ation to the use and application of protective relays.
In step with the progress and the requirements of the
Industry, the Westinghouse Electric Company has
developed and made available new types of relays for
various applications, as shown.
Westinghouse Relays are the most accurate and re-
liable means known for obtaining the following results:

Protection of electric power equipment
from short circuits and grounds.

Prevention of interruptions in service and
costly shut -downs due to line troubles.

Efficient loading of transmission lines and
distribution feeders.

To obtain these results justifies  the use of relays on
your system.

.ardh.
Type 0 Auxiliary Relay

Westinghouse Electric & Manufacturing Company
Newark Works - Newark, N. J.

0 --
Type CD Selective

Differential -Current Relay

Type C Annunciator
(Operation Indicator)

Type GK Long -Time -Limit
Auxiliary Relay

Type MC Multiple -Contact
Auxiliary Relay

Type CM Phase -Balance
Current Relay

Type S Short -Circuit Type TV Over -voltageSelective Relay Relay

estin
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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FERRANTI
TRANSFORMERS

THE FIRST TRANSFORMERS
TO WORK ON

10,000 VOLTS
TRANSMISSION --'

1891

13

1923
THE FIRST

BRITISH

TRANSFORMERS

TO WORK ON

110,000 VOLTS

TRANSMISSION

FERRANTI
LIMITED

HOLLINWOOD

LANCASHIRE

ENGLAND

Please mention the JOURNAL of the A. I. E. E. when writing to kulvci t
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1 Crude rubber. Looks like dough, doesn't it?
-I- Several kinds of rubber are used, and to get
the right results these varieties must he put to-
gether according to a recipe.

2 This machine combines the different
kinds of rubber. The principle is the

same as with biscuit dough-to mix the
ingredients thoroughly.

Made to a recipe,
baked like a biscuit
YOU may be interested to know that

the process for making your tele-
phone receiver case is for all the world
the way Mother makes her biscuit.

The pictures tell the story-one of
many curious sidelights in the develop-
ment of Western Electric telephones.

A fascinating work, but an exacting
one. It demands constant testing of
materials and improvement in design
and the methods of manufacture.

The result? A telephone that is the
standard the world over.

Western Electric
Since 1869 Makers of Electrical Equipment

No. 3 of a series
on raw materials.

The rolling pin outdone.
It takes three men to

work this one,which rolls the
rubber into smooth sheets.

4 Strips in the shape of a telephone re-
ceiver are punched out of the rubber.

These strips, in pairs, with a mold between
them, are then put into a closed baking pan.

Baking on a grand scale.
The chef who puts the re-

ceiver forms into an oven.
The heat there would scorch
a batch of home-made bis-
cuit, but it's needed to vul-
canize the rubber.

6The receiver case, baked
-/ hard to well protect the del-
icate mechanism it is to cover.
It next goes through a finishing
and polishing process to pre-
pare it for your telephone.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Showing application of long stacks of J -D Flanged Insulators on one pole of a three-
phase t ro,000 volt gang -operated horizontal brake disconnecting switch, with switch in
closed position-Manufactured by Electrical Engineers Equipment Co., Chicago, Ill.

Permanency of J,D Cementless
Insulation Wins Engineers' Favor
Engineers are specifying J -D flanged
post type insulators for the heavy
duties of disconnecting switches and
special station equipment because
reliability depends upon permanent
insulation.
The permanent quality of J -D in-
sulation is largely due to the fact
that it is cementless. A special alloy
is used to attach the hardware in-
stead of cement because of certain
well known propensities of the latter
-absorption of water, expansion,
contraction, even growth-which
cause an inevitable deterioration.
The life of porcelain, when properly
made, is as limitless as that of copper,

steel and iron. With the removal
of the hazards incident to the use of
cement it is natural that preference
be shown J -D insulators.
Besides this assured permanency of
insulation, due to its cementless
character, there is also a generally
recognized higher flashover value,
while stacks of J -D flanged type in-
sulators have the additional advan-
tages of permanent rigidity and a
much greater cantilever strength.
With so much dependent upon
efficient, uninterrupted service it is
good business policy to specify J -D
insulators, especially where switch-
ing equipment of a particularly rug-
ged character is needed.

No cement to crack or crumble under
vibration or mechanical impact

liPEgV provirr./N5 LATOR co
ON  VA,WVA.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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IITantalum metal forms an electrolytic valve
when used in a cell with another electrode.
Tantalum is not attacked by acids or alkali
solutions.
Fansteel Products Company manufactures tan-
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.

FANSTEEL PRODUCTS COMPANY, INC.
North Chicago Illinois

Don't Be a Canute !
In ancient times there lived a king who bade

the tides cease their tidings. History tells
us that he had to work fast to avoid an un-
timely sousing.

The tide of preference for ball bearings in
electric motors is swelling onward in an irresis-
tible flood. There are just two things to do.
We advise against bucking the tide.

There are 26_ interesting applications on this
subject in the New Departure Ball Bearing
Reference Book , which will he mailed upon
request to technical men who request it on their
letterhead.

The New Departure Manufacturing Company
Detroit Bristol, Conn. Chicago

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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AC M E
InsulationsVarnished

Fabric and paper insulations and varnishes, developed by
The Acme Wire Co., are now available for all requirements
of the industry.

This series of products is announced by The Acme Wire
Co. after long and careful laboratory research and practical
tests in the Acme winding rooms. They are made of the
highest -quality materials, by the most advanced methods
known today, and under the direction of one of the most
experienced men in this industry.

Like Acme Wire, they are produced with the most serious
consideration of the actual working conditions under which
they will be used, and are, therefore, efficient and econom-
ical to the highest degree.

Acme Insulations Include

Varnished Cambrics Varnished Papers
Black and Yellow, in rolls, any width Black and Yellow, in rolls, tapes and

and thickness special shapes, any width and
,

thickness

Varnished Silks
Straight or bias, in rolls or strips Varnished Tubing

(Spaghetti)
In all colors and sizes

Varnished Bias Tapes
in Rolls Insulating Varnishes

Samples showing colors and thicknesses, as well as an assortment of
the tubing, will be sent to manufacturers, engineers, jobbers and
others interested in quantity production of this material.

THE ACME WIRE CO., New Haven, Conn.

TACME 7 Magnet Wire - WindingsIll
CLEVELAND NEW YORK CHICAGO

Pfit

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Small assembly floor where Type H. E. Transformers
are assembled.

Impregnating tanks where transformers are
thoroughly dried and impregnated with

oilproof compound.

The Value of a Transformer
is in the Making

It's largely a matter of design, selection of materials and
workmanship.
The Moloney design is the result of twenty-seven years of
constant development and no amount of inventive genius
could, over night, duplicate it.
No amount of money could buy the materials as they are
finally treated and prepared for our use and no workmen,
without a similar amount of experience could duplicate the
quality of the workmanship that is employed in the manu-
facturing processes.
The user of Moloney Transformers knows best what satis-
factory service they render.

Moloney Electric Company
_gain. Office and Factories:

St. Louis, Mo.
Sales Offices in Principal Cities

Moloney
Transformers

OCABLE TERMINAL DEVICES Lo

The 6 & W
Catalog No. 11
Illustrates' the
Complete Line

Ask for a Copy

C^

POTHEADS,DISTRIBUTION BOXE

The practical application of the G & W
Disconnecting Idea enables a distribution
system to be laid out most economically-
saving duplication and still giving greater
flexibility than can be otherwise obtained.

Extensions can be rapidly effected, loads
transferred and the maintenance of con-
tinuous service simplified.

USE G & W POTHEADS
For emergency connections to adjoining

circuits -

For making rapid tests without cutting of
cables-

For transformer connections when the
expense of an oil switch is not justi-
fied-

Use them in any other way that your
specific conditions may require.

G&W ELECTRIC SPECIALTY CO.
Chicago Illinois

Representatives in All Principal Cities

G ELECTRIC SPECIALTY CO.
Page :;1

...
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August 1923 ADVERTISING SECTION 19
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Protect Your Windings!
STERLING FINISHING VARNISHES GIVE ADDED

RESISTANCE TO SPECIAL CONDITIONS

USE: EXTRA BLACK FINISHING for oil proofing, moisture and
acid resistance.

SPECIAL BLACK FINISHING for somewhat less oil proofing
and somewhat more moisture and acid resistance.

BOPAD for oil and water resistance. An insulator wet or dry.

BLACK AIR DRYING for extreme water and acid resistance --
not oil proof.

Finishes with similar characteristics can be furnished in clear.

A Sterling Insulator designed especially for you will
be found in our Catalog No. 20. Write for a copy.

so Sr es- AIN V
THE STERLING VARNISH COMPANY, PITTSBURGH,PA.

Under
of

--- - - ------: :_. ......, - "  - - , .0.
-;," . -- .,.

, . ..

E' -,, .../ ,.,y

.-.

. -
MISSOURI PACIFIC RAILROAD CO. LAYING STANDARD. SUB-MARINE, CABLE

ACROSS MISSISSIPPI RIVER AT Sr. LOUIS.

WHEREVER exacting service conditions demand exceptional
mechanical strength combined with maximum electrical
efficiency, STANDARD Cables are invariably installed.

the water, under the ground, and in the air, the superior quality
STANDARD Cables has been proven by over 41 years of service.

Our experience is at your service. Write our nearest office.

STANDARD UNDERGROUND CABLE CO.
BOSTON WAsIIINGTON ( Hi( \(.(( ST. Lou Is

NEW YORK ATLANTA 1) =tour Los ANGELES

PHILADELPHIA PITTSBURGH KANSAS CITY SEATTLE
SAN FRANCISCO

FOR CANADA: STANDARD UNDERGROUND CABLE CO., OF CANADA LTD., HAMILTON, ONT.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Simplify Your H -V Insulation Tests

Type TS -10

o°

For Difficult Transformer Problems

With Type TS -10 Portable Sets
Designed for Large Capacities.

AVERY convenient and exceedingly accurate method for
testing cables, insulators, oil, mica, varnish, paper, rubber
gloves, or any electrical apparatus and material on which

high -voltage insulation tests over a period of time are necessary,
is afforded by Type TS -10 portable testing sets. All essential
parts of these sets are combined in a single unit, with large castors,
so that they can be easily moved from place to place.

An exclusive, patented feature of such American Transformer
equipment is the voltage regulator, whereby two radial switches,
one provided with ten 10% taps and the other with ten 1% taps,
automatically and smoothly advance the voltage in one per cent
unbroken increments, from zero to maximum. The advantage of
this method of voltage control lies chiefly in the absence of wave
distortion in the regulating device.

This testing equipment can be modified and adapted to indi-
vidual requirements for all capacities. We shall be glad to
forward descriptive bulletin No. rob to those interested.

The American Transformer Company
176 Emmet Street, Newark, N. J.

To Radio Engineers and Enthusiasts.-The new AmerTran,-audio frequencyamplifying transformer, has less distortion and far greater amplifying power thanany similar device now on the market. Send for Bulletin 1005, containing an
unusual chart of audibility amplification of the transformer, and musical scale.The AmerTran is moderately priced and is distributed through Jobbers and dealers.

,7IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII111111IIIIIIIIIIIIIIIIIIIIIIIIIIIII I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I .
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AMERICAN LAVA CORPORATION
27-67 Williamson Street

CHATTANOOGA, TENNESSEE
Manufacturers of Heat Resistant Insulators

AVA INSULATORS
Lava is the ideal solid insulating
material, now selected by electric
appliance manufacturers who have
found in lava the properties that
meet the exacting requirements de-
manded of insulating parts.

A 1000 cycle alternating current supply source for bridge
and similar measurement work. Its wave form is remarkably
free from harmonics, a very important feature for most alter-
nating current bridge work.

Provision is made for output voltages of 0.5, 1.5 and 5 with
corresponding currents of 100, 40 and 12 milliamperes re-
spectiVely. It will operate successfully with input voltages offrom 4 to 8. Since it is self starting, it may be placed in a
sound proof box or located at some distant point and controlled
from the place where the measurements are being made. This
is important where balances are indicated by the null method.

Particularly adapted for college laboratories where con-
tinuous operation without attention or adjustment is desired.

Circuit Diagram and Complete
Description in Bulletin 706E.

PRICE $32.00

GENERAL RADIO CO.
Manufacturers of

ELECTRICAL AND RADIO LABORATORY APPARATUS
Massachusetts Avenue and Windsor Street

CAMBRIDGE MASSACHUSETTS
5370

TYPE 213

1000 CYCLE OSCILLATOR

E --

17 -
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Over Twenty Years
An experience of over 20 years in the

making of fine electrical measuring instru-
ments is built into all

ROLLER -SMITH
Type SA (7 inch) Alternating Current

Ammeters, Voltmeters,
Single and Polyphase Wattmeters,

Frequency Meters
and Power Factor Meters

They will give you good service. Send
for Bulletins AE -450 and AE -470.

®LEER -SMITH COMPANY
Etztrtcal Instruments. Meters and arena breakers

COMP
l

MAIN OFFICE WORKS:
12 Park Place, NEW YORK Bethlehem, Penna.

Offices in Principal Cities in U. S. and Canada

21

.5
11

E E

Accuracy
in long continued service

This is one of the Chief
Characteristics of

TRADE MARK

BRISTOL'S
RKG. U W. PAT. OFFICE

Recording
Volt meters

There are no delicate or
complicated parts to
break or get out of order.
Thousands of Bristol's
Recording Voltmeters,
Ammeters and Watt-
meters arc proving of
especial value to power
plant operators and en-
gineers, because they
give information of para-
mount importance.

Where ahall tug
send your copy of
Catalog BCI30l7

THE BRISTOL COMPANY
Waterbury, Conn.

Branch Offices:
Boston Now York Detroit

Philadelphia Chicago St. Louis
Pittsburgh

San Francisco

B

B
B

I

Type C Jagabi

Hand Tachometers
are widely used for meas-
uring speeds of Motors,
Generators, Fans, Engines,

Belts, Shafting, etc.

Jagabi Tachometers -
Read directly in R. P. M. and are independent

of the direction of rotation.
Have largo dials which are easily read.
Have one spindle; a special gear shifting

device changes speeds.
Weight: (s%ithout aceessories) 18 ounces.

ll'e aim to carry the following tin sleek:
No. 211 Range 000-2400 r. p. m.
No. 411 " 101- 240, 200- SOO, 1100- 2100 r. p. in.
No. 421 100- 400, '100-I200, 1000- 4000 r. p. in.
No. 431 130- 600. 300-2000. 1500- 0000 r. p. en.
No. 430 200- MOO. 000 -2100. 2000- 5001) r. p. in.
No. 441 300-1200, 1000-4000. ;1000-12000 r. p. m.
No. 321 30- 120. 100- 400, .100- 1200. 1000-4000

r. J.
200- 500. 600-2400. 2000- 8000. 0000-21000

r. p. eu.
No. nal

Prices upon requi lit. Ask for l'irrnbir

,IAMES G. 111111)1,E
I l I -13 Arch Street. l'hiludelphin

I'lease mention the JOURNAL of the A. I. E. F. when wliIing I., advertisers.
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Simpler-
Stronger-
Better-

Installation K -P -F
60 KV. Switches,
San Joaquin Lt. &
Pwr. Corpn., Calif.

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.
855-859 Howard St. San Francisco
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Copper Conductors
of any

Desired Capacity
Solid-Stranded

Bare-Weatherproof

Copper Bus Bars

ANACONDA

COPPER MINING COMPANY
111 W. Washington St.. Chicago

THE AMERICAN BRASS CO,
25 Broadway, New York

Mills
Ansonia, Conn. Waterbury, Coon

Great Falls, Mont.
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OVERHEAD GROUND
LINES

are constructed correctly with

°WM Flifflr no IOW
TRADE MARK REG. U.S. PAT OFF

(Made by the Molten Welding Process)

Moat objections to overhead ground lines have arisen
from troubles following rusting of the wires.

A life at least equal to the power conductors is now
recognized as the foremost requirement in the selection of
an overhead ground wire.

Copperweld wire does not rust.

Xtra-Hi-Tensile Strength Copperweld now available
Technical Data, Wire Tables, Sag Charts, sent on request
RURAL DISTRIBUTION - TELEPHONE WIRE

LONG TRANSMISSION SPANS
RADIO ANTENNAE

GUY STRAND - SERIES LIGHTING

OPPFR CLAD STEELCOMPANY:
NEW YORK SALES OFFICE CHICAGO SALES OFFICE

30 CHURCH STREET, NEW YORK 129 S. JEFFERSON ST., CHICAGO -5
MAIN OFFICE AND WORKS: BRADDOCK P 0. RANKIN. PA.

IVIINERALL AC

INSULATING COMPOUND

No. 78
High tension Insulating Com-

pound specially adapted to the
work of Cable Joint construction.

Has high dielectric strength,
low dielectric loss, low coefficient
of expansion. It is not affected
by climatic changes.

The material binds itself be-
tween conductors and through-
out all parts of the joint
insulation, excluding gas, air
and moisture.

Send for Sample.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



August 1923 ADVERTISING SECTION 23

TIREX ARMORED 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 60% of Para rubber and specially compounded and cured
to insure maximum wearing qualities and toughness.

Additional detailed information including terms and
prices, upon application.

SreEME &CABLE @
MANUFACTURERS

201 DEVONSHIRE ST., BOSTON 9
CHICAGO SAN FRANCISCO NEW YORK

iliagnef Wire
andWindin0
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have for over twelve years been standard

among electrical manufacturers due to

their dependable quality and reasonable i

price. Find out the economy and im-

provement we can effect for you.

Write today for prices and samples.

TE'Dudlo
Manufacturing

Company
Fort Wayne, Ind.

Asbestos Insulated Wires and Cables
moninummunnummiiimimmillimiumuiummumunimmummuniumiummilli

BEFORE you make out specifications for any
contract involving wire, we urge you to con-

sult the Rockbestos Engineering Department.
Other expert engineers have done so-and found

us able to suggest short cuts, and improvements that
have saved thousands of dollars, and that have in-
sured more permanent and efficient installations.

Rockbestos SERVICE is free-it puts you under
no obligations whatever. So do not hesitate to take
advantage of it. Write for any further information
you want or for full details about the following
Rockbestos Products.

Heater Cord
Fixture Wire
Switchboard Wire

Magnet Wire
Stove Wire

Motion Picture Cable
Also Improved

Radio Head Set Cords
11111111 1111111111111111111111111111111 111111111111 1111111111111111111111111111111 111111111111 1111111111111111111111111111111 111111111111 11111111111

ROCKBESTOS PRODUCTS
c. O R P q Ftt A T I oN

Sales Promotion Department0
NEW HAVEN, CONN.

I. E. L. when writing to advertisers.
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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.

BatesEandeSteel Truss @.

ILLINOIS MERCHANTS BANK BLDG., CHICAGO. ILL.
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The Test of Time
THREE -phase transformers of KUHLMAN

design uphold the high quality of the
entire line of Kuhlman transformers-

a type for every purpose.
As pioneer builders of three-phase trans-

formers, we can point to numerous installations
which have been operating economically and

uninterruptedly over a
period of years. They have
been proven in service-the
supreme test-and may
safely be specified in all
three-phase applications.

Bulletin 112 gives details
of design and construc-
tion. Send for it.

Kuhlman
Electric Company

Bay City, Michigan
Branch offices and distributors

in all principal cities.
THREE-PHASE
STATION TYPE

ForZAM
TRANSFORNMUM

luuuuuuuuuunuuuuuuullHlHlHullllllllllllllllllllllllllllu Since 1593
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T& M Disconnecting Switches are used
.2- by the largest power companies and regu-

larly specified by prominent consulting
engineers because they demand the finest
equipment obtainable, and find in T & M
Switches the nearest possible approach
to absolute dependability. Reasonably
priced --and deliveries are prompt.

We specialize in difficult and highly precise
high and low-tension switch design and construc-
tion, and solicit your inquiries of this nature.
Designs and sketches submitted without cost.

THONER & MARTENS
E 463 Commercial St.

Used on the Largest
Power Systems

Boston, Mass.

The Line that R. and I. E. Co. Builds!

This is the

That holds the

That carries
the

!..treci RonneBow
Forged Steel Rotor Shaft.,
Bobbitted Bearing. No
corrosiie parts. Bearing
protected !I'M ram and
Ore

R. a I. E. Interchango
able Insulator Units with
Forged Steel Pins and
Pressed Steel Caps No
clamps, no mews

Lamhsated Copper Brush
Contact, completely cot
ered with  Sleet Hood and

yrooted from all burning
Bronze Arcing Horns

That receives Tnass Blade with ad)ust

the able toggle contact block
Simple clamp terminals

That makes up
the

R. & I. E. Horn Gap
Switch. It Is dependable
and is bring fully
operated under all

cess
climatic

and wriice conditions in all
parts of the world. No Tot
sioa or other undue strain.
on the Insulator Units. A
minimum number of /nosing
pans. A ?" bolt is the
smallest bole employed in
construction.

Interchangeable Unit Air Break Horn Gap
Switch that R. and I. E. Co. Builds

R. & I. E. Interchangeable Insulator Unit Equipment for outdoor service includes
Bus Supports, Disconnecting Switches Air Break Horn Cap Switches, Choke Coils,
Fuse Holders. Lightning tkrrester, Substation Combinations and Outdoor Steel Sub.
stations.

Railway and Industrial Engineering Co.
Greensburg, Penna.

Sales Offices to New York Boston Pittsburgh Chicago Cincinnati

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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PACIFIC COAST STEEL COMPANY
Manufacturers of -..,

--z

STRUCTURAL SHAPES, MERCHANT AND REINFORCING BARS
-.T.=

TRANSMISSION TOWERS AND STRUCTURES .E.

General Offices Rialto Bldg., San Francisco Plants at San Francisco, Portland, Seattle
,,,,,,,,,,m1

The distribution of
electrical energy is
too vitally allied
with the welfare of
the nation to be
guarded by any but
the highest grade
insulators.

Locke Insulator Corporation
Victor, N. Y.

Over a quarter of a century manufac-
turers of electrical porcelain for high-
tension electrical power transmission.

FACTORIES
Victor, N. Y. Baltimore, Md.

OPEN HEARTH STEEL

Lapp Insulators
do not fail

LAPP INSULATOR CO., Inc.
LE ROY, N. Y.

Sales Representatives
SAN FRANCISCO, S. H. Lanyon, 509 New Call Bldg.
DENVER, 0. H. Davidson Equipt. Co.. 1633 Tremont St.
ST. LOUIS.Commercial Electrical Supply Co..Broad &Spruce Sta.
MINNEAPOLIS. J. E. Sumpter Co.. 222 Security Bldg.
DETROIT. F. R. Jennings Co., 805 Ford Bldg.
INDIANAPOLIS W. D. 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. Shield Electric Co., 149 Broadway
BOSTON. Wetmore -Savage Co.. 76 Pearl St.
WELLINGTON. New Zealand, Jas. J. Niven & Co.

r:wiutinnununniummthilimunomiliminuinuilmaniituninuounitinmmiminumiiminitiriiiiimumimini IIIIIII

Pittsburgh Transformer Company
Largest Manufacturers of Transformers exclusively

in the United States

Pittsburgh, Pennsylvania

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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"AMERICAN BRAND"
liswinialamommammi

Weatherproof Copper Wire and Cables
COST

e "AMERICAN BRAND'
WEATHERPROOFWIRE AND CABLES

HAS NO EQUAL

You can buy weatherproof
wire cheap, but is it worth
what it costs?

"American Brand" gives
you more mileage per dollars
with a longer life on the line.

Get a sample and satisfy
yourself.

American Insulated Wire & Cable Co.
954 West 21st Street, Chicago

!ELECTRICAL WIRES
ANDg gWIRE ROPE WIRE STRAND 'm

WELDING WIREE g=

John A. Roebling's Sons Co.:
Trenton, New Jersey a=E g

onommumiliniiiiiiiiiiiiiiiiiiiiminimininitionnumminuitioninimmintininuninuniiiminummumniiiiiimuniniiiia

WIRE PRODUCTS IFor Varied Applications
We manufacture many types of wires, cords
and cables for specific uses. Among them are:

Rubber Covered Wire-Solid Conductor, Stranded
Conductor, Flexible Conductor, Extra Flexible Conductor.

E Lamp Cords, Reinforced Cords, Heater Cord, Brew-
E ery Cord, Canvasite Cord, Packinghouse Cord, Deck

Cable, Stage Cable, Border Light Cable, Flexible
E. Armored Cable, Elevator Lighting Cable, Elevator Oper-E sting Cable, Elevator Annunciator Cable. Switchboard

Cables, Telephone Wire, Flameproof Wires and Cables,
Railway Signal Wires, High Voltage Wires and
Cables. Automobile Ignition Cables, Automobile Light-
ing Cables, Automobile Starting Cables, Automobile

E. Charging Cables. Moving Picture Machine Cable.

Boston Insulated Wire al. Cable Co.
Main Office and Factory:Dorchester District Boston, Mass.

--I- Canadian Branch, Office and Factory, Hamilton, Ont.
.. - .:

= aa
E

.11 TRANSFORMER i
SPECIALISTS 1=

P. 5We are pleased to quote
prices and delivery on trans -

a formers singly or in quantity

g Acme Apparatus CO.I
E198 Massachusetts Ave.a a

a Cambridge, 39,39, Mass.
F...

Transformer Engineers and Manufacturers

willinioininipiiniiiiiiiummummoonminoiliummuiliminimmiiiiiiimounowilininuomi wilimutiumuummuoing
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CE

1
INSULATED WIRES

1)0LPIIIN 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%; 05and "Neptune" -30% para.

ATLANTIC Insulated Wire & Cable COMPANY
Stamford, Conn.

gg

Economy, Efficiency, Reliability
These three qualities of

g

T RADC NAAR

-E.

g gPENNSYLVANIA

insulation for heavy magnet wire have been
amply established. Ask anyone who has tried them.

Belden Manufacturing Company
Magnet Wire Department

4625 WEST VAN BUREN STREET
CHICAGO

ELECTRICAL SLATE
for

Switchboards, Panelboards, Fuse
Blocks, Bus Bar Supports, etc.

THE STRUCTURAL SLATE CO.
118 Robinson Avenue, Pen Aryl, Penna.

Comprehensive Data on Electrical, Chemical and
Physical Properties of Pennsylvania Slate sent on requestg g
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g-INDUSTRIAL-AGRICULTURAL-MUNICIPAL-RESIDENTIALE-
A TYPE FOR EVERY SERVICE

Bulletins on Request
THE GOULDS MANUFACTURING COMPANY

I I I

Seneca Falls, N. Y.
Agencies in all principal cities

     
"   

_
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CEDAR POLES NORTHERN WHITE
WESTERN RED

PLAIN OR BUTT -TREATED
Satisfaction Guaranteed

THE MAC GILLIS & GIBBS COMPANY
Milwaukee, Wis.
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Send for this!
It contains complete
information about

,1!\ \ STATES
_,...11011L3 Meter Test Tables

A necessary part of
Central Station meter
departments.

Write for
Cat No. 1, Sec. 3

THE
STATES

COMPANY

44 Francis Ave., Hartford, Ct.
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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.

bl©RVE219P gO.
u.4901 -.4901 "Item Ave. Philadelphia

E . _

An A. C. Watthour
meter that for accuracy,
efficiency and low cost
up -keep is without a

peer. Its design repre-
sents perfection in every
detail and central sta-
tions are loud in their
praises concerning its
dependability.

DLINCANELECTRICMFCCO.

DUNCAN MODEL M2.
L afayette, Ind. :.=.

..
a

=

CEDAR POLES I
NORTHERN WHITE CEDAR
WESTERN RED CEDAR

PLAIN OR TREATED BUTTS.

Prompt shipments guaranteed.
Ask for our delivered prices.

T. M. PARTRIDGE LUMBER CO.
729 - 32 Lumber Exchange,

MINNEAPOLIS, MINN.
fiumummiummuusumwswimummufflumnionniumumnsumuunnummmoviiimmommuniumowinumffluunioummommoimmuR
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BENNETT -1
SURGE

ARRESTERS

Ideal Protection
Ruggedness

a

BulWlerititne

forsand

Questionnaire

Electro CS-ERvic-0 Company
MARIETTA, GA.

E=
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Simplicity

Ceiling Insulators
form an an important
part of most power
house and substa-
tion construction.

Write today for
a copy of descrip-
tive folder on
"THOMAS QUALITY"
Ceiling Insulators.

The R. Thomas & Sons Co.,
East Liverpool, 0.

New York Boston Chicago London

IIIMINGRAY
GLASSe

INS ULAT 012)6"
The transparency of Hemingray Glass Insulators

makes line inspection very simple. The lineman
can tell at a glance whether the insulator is intact or not.

Hemingray insulators are mechanically and dielectrically
dependable. non -porous and uniform in structure. They
defy moisture and age.

Send for Bulletin No. 1.
HEMINGRAY GLASS COMPANY

Muncie, Indiana

Please:mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in the Fields of Engineering, and Related Arts and Sciences

Established 1857

ALEXANDER & DOWELL
Attorneys at Law

PATENT, TRADEMARK AND
COPYRIGHT CASES

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.

THE AMERICAN APPRAISAL CO.
Valuations and Reports

of
Public utility, industrial
and all other properties

Rate Cases Condemnation Suits
Reorganizations Liquidations

NEW YORK MILWAUKEE
1896 And Principal Cities 1922

THE ARNOLD COMPANY
Engineers

Constructors
Electrical - Civil - - Mechanical

CHICAGO
105 So. La Salle St.

ROBERT BAHAMON
Mechanical and Electrical Engineer

Assoc., A. I. E. E.
Consulting, Contracts, Construction

and Agencies

BOGOTA, COLOMBIA, S. A.

W. S. BARSTOW & CO.
Incorporated

Consulting and
Construction Engineers

Public Service Properties
Financed and Managed

60 Pine St, New York.

BATTEY & KIPP
Incorporated

ENGINEERS
Complete Industrial Plants

Power Plants & Electrical Installations
Engineering Reports, Analyses & Appraisals
123 W. Madison Street CHICAGO

CHEYNEY AND WESCHLER
CONSULTING ENGINEERS

Electrical Utility Systems. Power
Plants. Mechanical and Electrical

Equipment of Buildings and
Industrial Plants.

MILLS BLDG. WASHINGTON, D. C.

WALTER G. CLARK
Consulting Engineer

Electrical, Mining and Industrial
Reports

Supervision of Organization and Arrange-
ments for Financing

8 WEST 40th STREET NEW YORK

EDWARD E. CLEMENT
Fellow A. I. E. E.

Attorney and Expert
in Patent Causes.

Soliciting, Consultation, Reports,
Opinions.

McLachlen Bldg., Washington, D. C.
700 10th St., N. W.

DAY & ZIMMERMANN, Inc.
Engineers

Power Plants, Sub -Stations,
Transmission Lines, Industrial Plants,
Examinations and Reports, Valuations,

Management of Public Utilities.
611 CHESTNUT ST., PHILADELPHIA

New York Chicago

ROBERT E. DENIKE, Inc.

Electrical Engineers
and Constructors

NEW YORK CITY

Fellow A. I. E. E. Member A. S. M. E.
W. N. DICKINSON

Consulting Analyst
BUSINESS AND ENGINEERING

PROJECTS ANALYZED
Aeolian Hall, 33 W. 42d St., New York City

Telephones:
Longacre 8196 Longacre 8645

CHARLES C. EGBERT
Engineer

Hydroelectric Power Development
Reports, Construction, Supervision

NIAGARA FALLS, N. Y.

DAVID V. FENNESSY

Consulting Power Engineer

MILLS BUILDING EL PASO, TEXAS

MONTAGUE FERRY

'ELECTRICAL and MECHANICAL
ENGINEERING

38 South Dearborn Street Chicago
50 Church Street New York

Edward F. Croker
Ex -Chief N. Y.

Fire Dept.

Chas. W. Mitchell
Electrical
Engineer

FIRE PROTECTION ENGINEERS
Fire Alarm Engineers & Contractors

Fire Drills, Fire Appliances and Equipment

22 W. 30th St. New York, N. Y.

FORD, BACON & DAVIS
Incorporated

ENGINEERS

115 Broadway, New York

Philadelphia Chicago San Francisco

FRANK F. FOWLE & CO.

Electrical and Mechanical
Engineers

MONADNOCK BUILDING CHICAGO

FREYN,BRASSERT & COMPANY
Chicago Philadelphia

Consulting and Constructing
Engineers

Gas, Steam and Hydro -Electric Power Plants
Electrification of Rolling Mills

Fuel, Oil, Tar, Gas Combustion Engineering
Design and Construction of

Electric Furnace Installations

FULLER ENGINEERING
COMPANY

Engineers and Constructors
Designs Estimates

PULVERIZED COAL PLANTS
and burning equipment for Steam Boilers,
Locomotive Boilers and Industrial Furnaces

FULLERTON, PA.
50 Church Street New York

WILLIAM S. HIGBIE
Electrical Engineer

ENGINEERING AND PURCHASING
SERVICE

Design-Manufacture-Construction
Own Shops

Own Yard for Handling
114 LIBERTY ST. NEW YORK CITY

Dugald C. Jackson
Edward L. Moreland

JACKSON & MORELAND

CONSULTING ENGINEERS

387 Washington St. Boston, Mass.

J. KAPPEYNE
Consulting Engineer

Valuations, Examinations and Reports.
Operating and Rate Investigations

909 Comstock Ave., SYRACUSE, N. Y.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



August 1923 ADVERTISING SECTION

I PROFESSIONAL ENGINEERING DIRECTORY
For Consul ants in the Fields of Engineering, and Related Arts and Sciences

E. S. LINCOLN, INC.
Consulting Electrical Engineers

Designs Investigations Reports

Electrical Research Laboratory

534 Congress St. PORTLAND, MAINE

J. N. MAHONEY
Consulting Engineer

Fellow A. I. E. E. Mem. Am. Soc. M. E.
Design, Supervision, Specifications, Reports

Specialist in Electrical Power Switching and
Protective Equipment. Industrial and

Railway Control and Brake
Equipment

615 -77th STREET BROOKLYN, N. Y.

McCLELLAN & JUNKERSFELD
Incorporated

Engineering and Construction
NEW YORK

45 WILLIAM ST.
CHICAGO PHILADELPHIA

W. E. MOORE & CO.
Engineers

Plans and Specifications for

Hydroelectric and Steam Power Plants
Industrial Plants and Electric Furnaces

Union Bank Building Pittsburgh, Pa.

N. J. NEALL

Consulting Engineer
for

Electrical and Industrial Properties

12 PEARL STREET BOSTON, MASS.

NEILER, RICH & CO.
Electrical and Mechanical

Engineers
Consulting, Designing and

Supervising

Manhattan Building - - - Chicago

OPHULS & HILL, Inc.
Formerly Ophuls, Hill & McCreery, Inc.

CONSULTING ENGINEERS
112-114 WEST 42d ST., NEW YORK CITY

Ice Making and Refrigeration
Investigations and Reports

I. S. PRENNER
of the Philadelphia Bar

Mem. A. I. E. E., S. A. M. E.

Technical Patent Expert
404 Penfield Bldg.
1328 Chestnut St. PHILADELPHIA

PUBLIC SERVICE
PRODUCTION COMPANY

Engineers and Constructors
Design and Construction of Power Plants,

Substations and Industrial Plants.
Examinations and Reports, Valuation and

Management of Public Utilities.
80 PARK PLACE NEWARK, N. J.

DWIGHT P. ROBINSON
& COMPANY

Incorporated
Design and Construction of

Power Developments, Electric
Railways, Industrial Plants
125 East 46th Street, New York

Chicago Youngstown Philadelphia
Los Angeles Montreal Rio de Janiero

SANDERSON & PORTER
Engineers

Reports Designs
Construction Management

Hydro -electric Developments
Railway, Light and Power Properties

Chicago New York San Francisco

SARGENT & LUNDY
Incorporated

Mechanical and Electrical
Engineers

1412 Edison Bldg., 72 West Adams Street
CHICAGO, ILLINOIS

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

SESSIONS ENGINEERING
COMPANY
Engineers on

Power Plant Design & Industrial
Betterments
Electrification

140 SO. DEARBORN ST. CHICAGO

FREDERICK G. SIMPSON
Electrical Engineer

Reports, Designs, Specifications.
Electric Power

and
Industrial Developments.

RADIO COMMUNICATION SYSTEMS,
Telegraph and Telephone.

8901 L. C. Smith Bldg. Seattle, Wash.

SPRAY ENGINEERING CO.
Engineers and Manufacturers

Spray Cooling Systems - Irrigation Systems
Aerating Reservoirs - Air Conditioning
Gas Washing Pneumatic Paint Spraying

Spray Problems of All Kinds
Consulting Laboratory

60 HIGH STREET BOSTON

JOHN A. STEVENS, Engineer
Power Plants

Transmission Lines - Sub -stations
Hydro -electric Stations

Consultation - Analysis - Design
Supervision of Construction

Purchased Power Contracts Negotiated
LOWELL, MASSACHUSETTS

Cleveland Fall River

William M. Stockbridge Victor D. Borst-

STOCKBRIDGE & BORST

Patent Lawyers

41 PARK ROW NEW YORK CITY

STONE & WEBSTER
Incorporated

Examinations Reports Appraisals
on

Industrial and Public Service
Properties

NEW YORK BOSTON CHICAGO

PERCY H. THOMAS
Consulting Engineer
ELECTRIC POWER

Generation - Transmission
Applications

120 BROADWAY NEW YORK

UNITED GAS & ELECTRIC
ENGINEERING CORPORATION
Engineers Management
Construction Appraisals

Reports, Estimates and Specifications
Now supervising the Engineering
and Operation of 82 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 your prospective clients throughout the year for $40.00.
Circulation over 21,000 copies monthly.

29
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(Cards continued on next page)
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! PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in the Fields of Engineering, and Related Arts and Sciences

VIELE, BLACKWELL &BUCK
Engineers

Designs and Construction
Hydroelectric and Steam Power Plants

Transmission Systems Industrial Plants
Reports Appraisals

49 WALL STREET NEW YORK

THE J. G. WHITE
ENGINEERING CORPORATION

Engineers-Constructors
Industrial Plants, Buildings, Steam Power
Plants,Water Pewers,Gas Plants,Steam &
Electric Railroads, Transmission Systems.
48 EXCHANGE PLACE NEW YORK

GARDNER S. WILLIAMS
Mem.Am. Inst. Cons, Eng. Mem. Am. S. C. E.

Consulting Engineer

Hydroelectric Development.
Investigations and Reports

Cornwell Bldg. ANN ARBOR, MICH.

To be printed in the following

issue, copy for cards must be
received by the 15th of the month.

EUGENE C. WOODRUFF, Ph.D
Member A.I.E.E. and A.E.R.A.

Fellow A.A.A.S.

Electric Railway Engineering
Automobile Engineering

STATE COLLEGE PENNSYLVANIA

J. G. WRAY & CO.
Engineers

J. G. Wray, Fellow A.I.E.E. Cyrus G. Hill

Utilities and Industrial Properties
Appraisals Construction Rate Surveys
Plans Organization Estimates
Financial Investigations Management

1217 First National Bank Bldg., Chicago

ELECTRICAL
TESTING (I) To

Inspections - Tests - Research
Tests may be used by the purchaser for the following purposes:

determine the quality of competing samples. This enables the purchaseof the best quality for the money.
LABORATORIES (2) To make sure that shipments comply with specifications. This makes possiblethe assurance to the customer that shipments match buying samples.

80th Street and East End Ave.
NEW YORK

(3) To furnish an impartial decision in case of disputes between purchaser and
manufacturer.

Testing place the whole buying problem on a sound basis.

01

'7/

Is your
name on our

maiiing list for
bulletins and

catalog?

,tior artite
Brushes

\\ \ Nk ......

I
Morganite

Brush Co., Inc.
519 W. 38th St.

New York

E a
P :1A Great Engineering Library At Your Service E'

E
E. E

THE
Engineering Societies Library, 33 West A staff of experienced investigators is avail-=

39th St., New York, is a reference library able to make searches upon engineering sub-
E

--z- jects, prepare lists of references and translatefor engineers, directed by the national engi- engineering publications from foreign languages.neering societies. It contains 150,000 volumes The Library can also supply photoprint
and receives 1500 periodicals relating to civil, copies of any article:, appearing in engineering

_.5 mining, mechanical and electrical engineering, journals, old or recent. Prices for any services
= metallurgy and industrial chemistry. will be quoted on application.
= ..:-

BAYONNE,
N. J.

Sales offices
nom in
114 0., Principal cities+giirj .41

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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[SeEtion removed to show construnion]

ROCKWOOD
PAPER PULLEYS

1. Reduce slippage
2. Decrease belt tension
3. Transmit more power
4. Lower total cost of drive,

due to narrower belts.
Whenever you buy a pulley for a motor, get a Rock-
wood Paper Pulley, the pulley that most every motor is
equipped with when it leaves the fadtory. Rockwood
is more than a pulley-it is pulley service! Order from
your eledtrical dealer or diredt from us.

THE ROCKWOOD MFG. COMPANY
194 7 English Avenue INDIANAPOLIS, U.S.A.

a -
I MC I I I I   I   MI    
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"AK" Variable Speed Motor for
Printing Machinery

Highest efficiency under
variable load. Wound
for 25% overload.
Push button control.
For A. C. any cycles.
In sizes 1/20 to 5 H. P.
Modern, safe equipment
for job or cylinder press.

Write for complete information.

NORTHWESTERN ELECTRIC COMPANY
Also Mfrs. of the new "Martin" Rotary Converter.

409 So. Hoyne Avenue, Chicago, Ill.
Minneapolis -8 N. Sixth St. Kansas City, Mo.-1924 Grand Ave. =

E Toronto, Can. -308 Tyrrel Bldg., 95 King St., E.=
Waninimmummonnitiminummumummminunnumo miuninionimmilminunnumuntiiiiiiiiiiminmininimmilmiiiimoima

grumminummuninummunnimmintimmunounommunmummuminnommomiuminummimunimimummut3

Imperial Commutator Stones

TF;

ImperialImperial
Motor Driven Slotters

Write for Full Information
and Commutator Trouble Chart.

THE MARTINDALE ELECTRIC CO.
11717 Detroit Ave., Cleveland, Ohio

THE ROWAN A.C. STARTING SWITCH
PUSH BUTTON OPERATED

OIL IMMERSED

FOR
STARTING AND STOPPING SMALL SQUIRREL CAGE

MOTORS THAT CAN BE THROWN ACROSS
THE LINE

60 High St.
Manufacturing also:

Flow Meters, Spray
Cooling Equipment.

STAR
Ball Bearing Motors

Horizontal-Vertical
D. C. Inter pole Motors

for hard usage -1 to 40 hp.
Sparkless commutation at
all times.

A. C. Polyphase Motors
squirrel cage induction and g:

slipring-all cycles, 1 to E:

40 hp. 110 to 550 volts.

For All Purposes

A. C. and b. C. Generators and
Motor -Generator Sets =

Write for Bulletins. i
Star Electric Motor Co.

Miller St. and N. J. R. R. Ave.. Newark. N. J. g
a,IIIIIlI1IIl111l11 IIIIIIIIIIIIIII II II II II IIIII IIII II II II IIII IIIIIIIII IIIIIIIII II II II II II II IIIIIIIII II IIIIIIillll111111II II IIIIIIIIIIIII II IIII II IIII IIIIIIIIIIIIIIINIIIIIIIIIIIIIIIIIIII II IIII IIII 111111 F

E
g.

Prominent Engineering Concerns Specify i=.=
SPRACO "VERTICAL

(Stone & Webster,-Byllesby Engineering and Manage-
ment Corp., and .f. 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 Dept. AW-69.

SPRAY ENGINEERING COMPANY .-

Sprinklers, Strainers,
Nozzles of all kinds. 2

,,

Boston, Mass.

MAR.K

S P RAA C Co
BOSTON

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Classified Advertiser's Index for Buyers
Manufacturers and agents for machinery and supplies used in the electrical and allied industries.

Note: For reference to the advertisements see the Alphabetical List of Advertisers on page 36
AIR COMPRESSORS

Allis-Chalmers Mfg. Co., Milwaukee, Wis.
General Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities

AIR CONDITIONING EQUIPMENT
Midwest Steel & Supply Co., Inc., New

York.
Spray Engineering Co., Boston.

AMMETERS, VOLTMETERS
(See INSTRUMENTS, ELECTRICAL)

BATTERY CHARGING APPARATUS
Cutler -Hammer Mfg. Co., Milwaukee
General Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
BEADS, INSULATING

Martindale Electric Co., The, Cleveland
BEARINGS, BALL

New Departure Mfg. Co., The, Bristol, Conn.
Norma Co. of America, L. I. City, N. Y.
S K F Industries, New York"

BOXES, FUSE
General Electric Co., Schenectady, N. Y.
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
BOXES, JUNCTION

G & W Elec. Specialty Co., Chicago
Metropolitan Device Corp., Brooklyn, N. Y.
Standard Underground Cable Co., Pittsburgh

BRAKES CAR
Allis-Chalmers Mfg. Co., Milwaukee, Wis.
General Electric Co., Schenectady, N. Y.

BRUSHES, COMMUTATOR
Carbon

Morganite Brush Co. Inc.,New York
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Copper Graphite

Morganite Brush Co. Inc., New York
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
BUS BAR FITTINGS

Elec. Dev. & Machine Co., Philadelphia
General Electric Co., Schenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh,
CABLE ACCESSORIES

Elec. Dev. & Machine Co., Philadelphia
Dossert & Co., New York
G & W Electric Specialty Co., Chicago, Ill.
General Electric Co., Schenectady, N. Y.
Minerallac Electric Co., Chicago
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

CABLES
(See WIRES AND CABLES)

CABLEWAYS
Roebling's Sons Co., John A., Trenton, N. J.

CAMBRIC, VARNISHED
Irvington Varnish & Ins. Co., Irvington, N. J.

CARBON BRUSHES
(See BRUSHES COMMUTATOR)

CIRCUIT BREAKERS
Condit Electrical Mfg. Co., So. Boston, Mass.
Cutter Company, The, Philadelphia
General Electric Co., Schenectady, N. Y.
Roller -Smith Co., New York
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
COMPARTMENT DOORS

Elec. .Dev. & Machine Co., Philadelphia
CLUTCHES -MAGNETIC

Cutler -Hammer Mfg. Co., Milwaukee
COILS, MAGNET

Acme Wire Co., New Haven, Conn.
Belden Mfg. Co., Chicago, Ill.
Dudlo Mfg. Co., Ft. Wayne, Ind.
General Electric Co., Schenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
CONDENSATION PRODUCTS

Bakelite Corporation, New York
Condensite Co. of America, Bloomfield, N. J.
General Bakelite Co., New York
Redmanol Chemical Products Co., Chicago

CONDENSERS
Allis-Chalmers Mfg. Co., Milwaukee
General Electric Co., Schenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
CONDUIT, UNDERGROUND FIBRE

Western Electric Co., All Principal Cities
CONNECTORS, SOLDERLESS

Dossert & Co., New York, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

CONNECTORS AND TERMINALS
Dossert & Co., New York
G & W Electric Specialty Co., Chicago, Ill.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

CONTACTS TUNGSTEN
Fansteel Products Co., Inc., North Chicago, Ill.
General Electric Co., Schenectady, N. Y.

CONTROLLERS
Cutler -Hammer Mfg. Co., Milwaukee
General Electric Co., Schenectady, N. Y.
Rowan Controller Co., Baltimore
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

CONVERTERS
Allis-Chalmers Mfg. Co., Milwaukee
Northwestern Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

COOLING PONDS
Spray Engineering Co., Boston

COPPER CLAD WIRE
Copper Clad Steel Co., Rankina.

Co.,CStandard Underground Cable Pittsburgh
Western Electric Co., All Principal Cities

CUT-OUTS
Condit Electrical Mfg. Co., S. Boston, Mass.
General Electric Co., Schenectady, N. Y.
G & W Elec. Spec. Co., Chicago
Johns -Pratt Co., Hartford, Conn.
Metropolitan Device Corp., Brooklyn, N. Y.
Thoner & Martens, Boston
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
DRAWING MATERIALS

Keuffel & Esser Company, Hoboken, N. J.
DYNAMOS

(See GENERATORS AND MOTORS)
ELECTRIFICATION SUPPLIES, STEAM

ROAD
General Electric Co., Schenectady, N. Y.
Ohio Brass Co., Mansfield, Ohio
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
ENGINEERS, CONSULTING AND CON-

TRACTING
Stone & Webster, Inc., Boston
J. G. White Engg. Corp., New York
(See also PROFESSIONAL ENGINEERING

DIRECTORY)
ENGINES

Gas & Gasoline
Allis-Chalmers Mfg. Co., Milwaukee

Oil
Allis-Chalmers Mfg. Co., Milwaukee

Steam
Allis-Chalmers Mfg. Co., Milwaukee

FANS, MOTOR
Century Electric Co., St. Louis
General Electric Co., Schenectady, N. Y.
Star Electric Motor Co. Newark, N. J.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
FARM LIGHTING GENERATORS

Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
FIBRE

Diamond State Fibre Co., Bridgeport, Pa.
FURNACES, ELECTRIC

General Electric Co., Schenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
FUSES

Enclosed Refillable
General Electric Co., Schenectady, N. Y.
Johns -Pratt Co., Hartford, Conn.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Enclosed Non -Refillable

General Electric Co.. Schenectady, N. Y.
Johno-Pratt Co., Hartford, Conn.
Western Electric Co., All Principal Cities

Open Link
General Electric Co., Schenectady, N. Y.
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities

High Tension
Metropolitan Device Corp., Brooklyn, N. Y.
Railway & Industrial Engg. Co., Greens-

burg, Pa.
Western Electric Co., All Principal Cities

GEARS, FIBRE
Diamond State Fibre Co., Bridgeport, Conn.
General Electric Co., Schenectady, N. Y.

GENERATORS AND MOTORS
Allis-Chalmers Mfg. Co., Milwaukee, Wis.
Century Electric Co., St. Louis, Mo.
Electro-Dynamic Co., Bayonne, N. J.
General Electric Co., Schenectady, N. Y
Northwestern Electric Co., Chicago
Star Electric Motor Co., Newark, N. J.
Wagner Electric Corp., St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

GENERATING STATION EQUIPMENT
Allis-Chalmers Mfg. Co. Milwaukee
General Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

GRINDERS, COMMUTATOR
Martindale Electric Co., The, Cleveland

GROUND RODS
Copper Clad Steel Co., Rankin, Pa.
Western Electric Co., All Principal Cities

HEADLIGHTS
Ohio Brass Co., Mansfield, 0.

HEATERS, INDUSTRIAL
Cutler -Hammer Mfg. Co., Milwaukee
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
HEATING ELEMENTS

General Electric Co., Schenectady, N. Y.
INDICATOR'S, SPEED

Biddle, James G., Philadelphia
Roller -Smith Co., New York

INSTRUMENTS, ELECTRICAL
Graphic

Biddle, James G. Philadelphia
Bristol Co., The, Waterbury, Conn.
Ferranti, Ltd., London, Eng.
General Electric Co., Schenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Indicating

Ferranti, Ltd., London, Eng.
General Electric Co., Schenectady, N. Y.
Roller -Smith Co., New York
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Integrating

Biddle, James G., Philadelphia
Duncan, Elec. Mfg. Co., Lafayette, Ind.
Ferranti, Ltd., London, Eng.
General Electric Co., Schenectady, N. Y.
Roller -Smith Co., New York
Sangamo Elec. Co., Springfield, Ill.
States Co., The, Hartford, Conn.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Repairing and Testing

Electrical Testing Laboratories, New York
Scientific, Laboratory, Testing

Biddle, James G., Philadelphia
Foote -Pierson &Co., Inc., New York
General Electric Co., Schenectady, N. Y.
Leeds & Northrup Co., Philadelphia
Metropolitan Device Corp., Brooklyn, N. Y.
Roller -Smith Co., New York
States Co., The, Hartford, Conn.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Telegraph

Foote, Pierson & Co., Inc., New York
Western Electric Co., All Principal Cities

Wireless
Acme Apparatus Co., Cambridge, Mass.
General Radio Co., Cambridge, Mass.

INSULATING MATERIALS
Cloth

Irvington Varnish & Ins. Co., Irvington, N. J.
Minerallac Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Composition

Bakelite Corporation, New York
Belden Mfg. Co.. Chicago
Condensite Co. of America, Bloomfield, N. J.
Cutler -Hammer Mfg. Co., Milwaukee
General Bakelite Co., New York
Hopewell Ins. & Mfg. Co., Hopwell, Va.
Redmanol Chemical Products Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Compounds

Minerallac Electric Co., Chicago
Standard Underground Cable Co., Pittsburgh
Sterling Varnish Co., Pittsburgh
Western Electric Co., All Principal Cities

Fibre
Diamond State Fibre Co.. Bridgeport, Pa.

Lava
American Lava Co., Chattanooga, Tenn.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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SUCCESSFUL YESTERDAY AND TO -DAY
In the Coal Mine

The installation picture shows a 10 -in. six -stage
pump as it is installed in service today pumping
3,000 G. P. M. of acid mine water against 300 -

foot head. This unit was one of an order for
eight mine pumps purchased eight years ago by

a large coal company. The 8 -in. twelve -stage

it
II A

unit shown below is one of two units shipped
this year to the same company which shows
that Allis-Chalmers Centrifugal Pumping Units
can be bought with confidence for the hardest
kind of service.

If you are interested in mine pumps,
write for Leaflet 2060.

a

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Classified Advertiser's Index for
INSULATING MATERIALS-Continued

1'a per
Irvington Varnish & Ins. Co., Irvington, N. J

Silk
Irvington Varnish & Ins. Co., Irvington, N. J.

Slate
Structural Slate Co., The, Pen Argyl, Pa.

Tape
Belden Mfg. Co., Chicago
Minerallac Electric Co., Chicago
Okonite Co., The, New York
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Varnishes

General Electric Co., Schenectady, N. Y.
Irvington Varnish & Ins. Co., Irvington, N. J.
Minerallac Electric Co., Chicago
Sterling Varnish Co., Pittsburgh

INSULATORS, CLEAT TYPE
Elec. Dev. & Machine Co., Philadelphia

INSULATORS, HIGH TENSION
Composition

General Electric Co., Schenectady, N. Y.
Hopewell Ins. & Mfg. Co., Hopewell, Va.

Glass
Hemingray Glass Co., Muncie, Ind.

Porcelain
Elec. Dev. & Machine Co., Philadelphia
General Electric Co.. Schenectady. N. Y.
Jeffery -Dewitt Insulator Co.,Kenova, W.Va.
Lapp Insulator Co., Inc., LeRoy, N. Y.
Locke Insulator Mfg. Co., Victor, N. Y.
Ohio Brass Co., Mansfield, 0.
Thomas & Sons Co., R. East Liverpool, 0.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

INSULATORS. TELEPHONE & TELEGRAPH
Hemingray Glass Co., Muncie, Ind.
Western Electric Co., All Principal Cities

LAMP GUARDS
Western Electric Co., All Principal Cities

LAVA
American Lava Corp., Chattanooga, Tenn.

LIGHTNING ARRESTERS
Electro Service Co., Marietta, Ga.
General Electric Co., Schenectady, N. Y.
Railway & Industrial Engg. Co., Greens-

burg, Pa.
Western Electric Co., All Principal Cities
Westinghouse Elee. & Mfg. Co., E. Pitts-

burgh
LOCOMOTIVES. ELECTRIC

General Electric Co., Schenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
LUBRICANTS

Texas Co., The, New York
MAGNET WIRE

Acme Wire Co., New Haven, Conn.
Belden Mfg. Co., Chicago
Dudlo Mfg. Co., Ft. Wayne, Ind.
Roebling's Sons Co., J. A., Trenton, N. J.
Western Electric Co., All Principal Cities

METERS, ELECTRICAL
(See INSTRUMENTS, ELECTRICAL)

METER TESTERS
Johns -Pratt Co., Hartford, Conn.
States Co., The, Hartford, Coin.

MOLDED INSULATION
Bakelite Corporation, New York
Belden Mfg. Co., Chicago
Condensite Co. of America, Bloomfield. N. J.
Cutler -Hammer Mfg. Co., Milwaukee
General Bakelite Co., New York
Hopewell Ins. & Mfg. Co., Hopewell, Va.
Johns -Pratt Co., Hartford, Conn.
Redmanol Chemical Products Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

MOLYBDENUM
Fansteel Products Co., Inc., North Chicago,

Ill.

MOTORS
(See GENERATORS AND MOTORS)

PANEL BOARDS
(See SWITCHBOARDS)

PATENT ATTORNEYS
(See PROFESSIONAL ENGINEERING

DIRECTORY)

PHASE MODIFYING APPARATUS
States eo., The, Hartford, Conn.

PHOTOMETERS-SPHERES
Foote, Pierson & Co., Inc., New York

PLUGS
Cutler -Hammer Mfg. Co., Milwaukee
General Electric Co., Schenectady, N. Y.
Western Electric Co., Al. Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
POLES, STEEL

Bates Expanded Steel Truss Co., Chicago
Pacific Coast Steel Co., San Francisco, Calif.
Western Electric Co., All Principal Cities

POLES-TIES, WOOD
MacGillis & Gibbs Co., Milwaukee, Wis.
Page & Hill Co., Minneapolis, Minn.
Partridge Lumber Co., T. M., Minneapolis
Western Electric Co., All Principal Cities

POTHEADS
Elec. Dev. & Machine Co., Philadelphia
G & W Electric Specialty Co. Chicago
Standard Underground Cable to., Pittsburgh
Thoner & Martens, Boston
Western Electric Co., All Principal Cities

PROTECTIVE DEVICES
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities

PULLEYS, PAPER
Rockwood Mfg. Co., The, Indianapolis

PUMPS
Allis-Chalmers Mfg. Co., Milwaukee
Goulds Mfg. Co., Seneca Falls, N. Y.

PUMPS, SPIRAL
Cramp & Sons Ship & Eng. Bldg. Co., The

Wm., Philadelphia
PYROMETERS

Leeds & Northrup Co., Philadelphia
RADIO APPARATUS

General Electric Co., Schenectady, N. Y.
General Radio Co., Cambridge, Mass.
Johns -Pratt Co., Dartford, Conn.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
RADIO INSULATING PARTS

Hopwell Ins. & Mfg. Co., Hopewell, Va.
RADIO LABORATORY APPARATUS

Acme Apparatus Co., Cambridge,. Mass.
General Radio Co., Cambridge, Mass.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
RAILWAY SUPPLIES, ELECTRIC

General Electric Co., Schenectady, N. Y.
Ohio Brass Co., Mansfield, 0.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
REACTANCE COILS

Metropolitan Device Corp., Brooklyn, N. Y.
RECTIFIERS

General Electric Co., Schenectady, N. Y.
Wagner Electric Corp., St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
REGULATORS, VOLTAGE

General Electric Co., Schenectady, N. Y.
States Co., The, Hartford, Conn.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
RESISTANCE ELEMENTS

Cutler -Hammer Mfg. Co., Milwaukee
General Electric Co., Schenectady, N. Y.

RHEOSTATS
Biddle, James G., Philadelphia, Pa.
Cutler -Hammer Mfg. Co., Milwaukee
General Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
ROPE, WIRE

Roebling's Sons Co., John A., Trenton, N. J.
SEARCHLIGHTS

General Electric Co., Schenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
SLATE

Structural Slate Co., The, Pen Argyl, Pa.
SLOTTING EQUIPMENT, COMMUTATOR

Hand and Motor Driven
Martindale Electric Co., The, Cleveland

SOCKETS AND RECEPTACLES
Cutler -Hammer Mfg. Co., Milwaukee
General Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
SOLENOIDS

Acme Wire Co., New Haven, Conn.
Belden Mfg. Co.' Chicago
Cutler -Hammer Mfg. Co., Milwaukee
Dudlo Mfg. Co., Ft. Wayne, Ind.
General Electric Co.,ISchenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
STOKERS, MECHANICAL

Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh

STONES, COMMUTATOR
Martindale Electric Co., The, Cleveland

Buyers-Continued.
SUB -STATIONS

Electro Service Co., Marietta, Ga.
General Electric Co., Schenectady, N. Y.
Railway & Industrial Engg. Co., Greens-burgh, Pa.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
SWITCHBOARDS

Allis-Chalmers Mfg. Co., Milwaukee, Wis.
Condit Electrical Mfg. Co., So. Boston, Mass.
General Electric Co., Schenectady, N. Y.
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
SWITCHES

Automatic Time
Ferranti, Ltd., London, Eng
General Electric Co., Schenectady, N. Y.
Minerallac Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Disconnecting

Condit Electrical Mfg. Co.. So. Boston
Elec. Dev. & Machine Co., Philadelphia
GeneralElectric Co., Schenectady, N. Y.
K -P -F Electric Co., San Francisco
Railway & Ind. Engg. Co., Greensburg, Pa.
Thoner & Martens, Boston

Fuse
General Electric Co., Schenectady, N. Y.
Metropolitan Device Corp., Brooklyn, N. Y.
Thoner & Martens, Boston

Knife
Condit Electrical Mfg. Co., So. Boston
Cutter Company, The, Philadelphia
General Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Oi!

Condit Electrical Mfg. Co., So. Boston
General Electric Co., Schenectady, N. Y.
Pacific Electric Mfg. Co., San Francisco
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Remote Control

Condit Electrical Mfg. Co., So. Boston
Cutler -Hammer Mfg. Co., Milwaukee
General Electric Co., Schenectady, N. Y.
Railway & Ind. Engg. Co., Greensburg, Pa.
Rowan Controller Co., Baltimore
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Safety Enclosed

Johns -Pratt Co., Hartford, Conn.
TACHOMETERS

Biddle, James G., Philadelphia
TANTALUM

Fansteel Products Co., Inc., North Chicago,
Ill.

TELEGRAPH APPARATUS
Foote, Pierson & Co., Inc., New York
Western Electric Co., All Principal Cities

TELEPHONE EQUIPMENT
Western Electric Co., All Principal Cities

TESTING LABORATORIES
Electrical Testing Labs., New York

TOWERS. TRANSMISSION
Bates Expanded Steel Truss Co.. Chicago
Pacific Coast Steel Co., San Francisco, Calif.
Western Electric Co., All Principal Cities

TRANSFORMERS
Acme Apparatus Co., Cambridge, Mass.
Allis-Chalmers Mfg. Co., Milwaukee, Wis.
American Transformer Co., Newark, N. J.
Duncan Elec. Mfg. Co., Lafayette, Ind.
Ferranti, Ltd., London, Eng.
General Electric Co., Schenectady, N. Y.
Kuhlman Electric Co., Bay City, Mich.
Moloney Electric Co., St. Louis
Pittsburgh Transformer Co., Pittsburgh.
Wagner Electric Corp., St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Factory

American Transformer Co., Newark, N. J.
Kuhlman Electric Co., Bay City, Mich.
Moloney Electric Co., St. Louis, Mo.
Pittsburgh Transformer Co., Pittsburgh
Wagner Electric Corp., St. Louis
Western Electric Co., All Principal Cities

Furnace
Allis-Chalmers Mfg. Co., Milwaukee
American Transformer Co., Newark, N. J.
Moloney Electric Co., St. Louis
Pittsburgh Transformer Co., Pittsburgh

Metering
American Transformer Co., Newark, N. J.
Ferranti, Ltd., London, Eng.
Pittsburgh Transformer Co., Pittsburgh, Pa

Mill Type
Pittsburgh Transformer Co , Pittsburgh

Radio
Acme Apparatus Co., Cambridge, Mass.
American Transformer Co., Newark, N. J.

Street Lighting
Kuhlman Electric Co., Bay City, Mich.
Western Electric Co., All Principal Cities

Please mention the JOURNAL -7°f the:A. I. E. E. when writing to advertisers.
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PUBLICATIONS

An engineeringengineering periodical containing technical papers and discussions thereon presented before
meetings of the Institute and its Sections and Branches; descriptions of new developments charac-
terized by notable advances, and items relating to the activities of the Institute.

Subscription price: $10.00 per year. Agents, publishers and dealers are allowed 20 per cent
discount; a special discount of 50 per cent is allowed on single subscriptions received directly from
college or public libraries.

Postage to Canada on annual subscription $0.50 additional, and to foreign countries, $1.00.
(Postage should not be included when computing discounts.)

TRANSACTIONS. Published annually.
Contains such of the technical papers and reports published by the Institute in the JOURNAL

and elsewhere as are selected and authorized by the Publication Committee; also the discussions
on the technical papers. The TRANSACTIONS form a permanent record of the progress of electrical
engineering.

Volumes for years 1921 and 1922 may be purchased by non-members at $10.00 per year in
either paper or cloth binding. Volumes covering the years 1902 to 1920 inclusive, may be
obtained at reduced prices which will be quoted upon request. The 1919 edition of the
TRANSACTIONS iS out of print, as are a number of the volumes for the years previous to 1902; a
price list of those available will be furnished upon application.

Members of the Institute may purchase the TRANSACTIONS for 1921 and 1922 in cloth binding
at prices of $3.00 and $2.00 respectively. Available back volumes published prior to 1921 may
be obtained by members at a cost of $1.50 per book.

College and public libraries are allowed a discount of 50% from non-member prices upon direct
subscription to Institute headquarters; publishers and subscription agents, 20% from non-member
prices.

SEPARATE PAPERS AND DISCUSSIONS.
Most of the recent papers and discussions contained in the TRANSACTIONS can be furnished

separately at the following prices: Single copies of any paper, usually with discussion, $0.50.
Five or more copies of any paper, each $0.40.

Discount of 20 per cent allowed to publishers and subscription agents; 50 per cent is allowed
from the above prices to Institute members and college and public libraries.

STANDARDS. 1922 Edition.
Gives definitions of electrical terms, technical data, standard performance, specifications for

tests of electrical machinery, standard voltages and frequencies, and general recommendations as
adopted by the Standards Committee and approved by the Board of Directors of the A. I. E. E.
It also contains, as an appendix, the rules for electrical machinery of the International Electro-
technical Commission, adopted in October 1919. Price per copy, flexible cover, $2.00.

Discount of 25 per cent allowed to members, libraries, publishers, subscription agents, and
purchasers of ten or more copies.

MARINE RULES. 1921 Edition.
Recommended practise for electrical installations on shipboard. Drawn up to serve as a guide

for the equipment of merchant ships with electrical apparatus for lighting, signalling, communi-
cation and power, but not including propulsion. The rules indicate what is considered the best
engineering practise with reference to safety of the personnel and of the ship itself, as well as
reliability and durability of the apparatus. The Marine Rules are intended to supplement the
Standards of the A. I. E. E., which should be followed wherever applicable. Price per copy,
flexible linen cover, $1.00.

Discount of 25 per cent allowed to members, libraries, publishers. subscription agents, and
purchasers of ten or more copies.

YEAR BOOK. 1923 Edition.
A directory, published annually in March, of the membership of the A. I. E. E. Gives in alpha-

betical order, the names, occupations and addresses of all members. The membership is also listed
in geographical order. The Year Book contains general information regarding the scope and
activities of the Institute, including the Constitution and By -Laws, lists of Sections and Branches,
the various committees, governing body, etc. Price per copy, linen cover, $2.00.

Discount of 20 per cent to publishers and subscription 'agents; 50 per cent to college and
public libraries. Single copies will be supplied to members without charge upon application.

JOURNAL. Published monthly.
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Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

American Institute of Electrical Engineers
33 West Thirty-ninth Street, New York, N. Y.
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'Divisions of
BAKELITE CORPORATION

BAKELITE
General Bakelite Co.

8 West 40th St. New York

Condensite
Condensite Co. of America

Bloomfield, N. J.

REDMA1VOL
Redmanol Chemical

Products Co.
636-678 West 22nd St

Chicago, 111.

Two molded parts complete
this instrument case.
Both the deep box and the hand-
somely finished cover of this Cadium
Voltmeter are molded of Bakelite
phenol resin.

As it is subjected to constant
handling, the case of a portable
instrument must be of a material
so hard that it is not easily
marred, and one which is so
impervious to moisture that
perspiration will have no effect
upon its color finish.
Phenol resin molding materials
are sold under the trademarks
Bakelite-Condensite-Redmanol.
Your correspondence is invited.

BAKELITE
CORPORATION

Address the Divisions

7Ae Material ofa Thousand I Ises
=

4421*Dia d -F

Use Diamond Fibre
Wherever the inb in hand demands a tough, eel vice
giving material of great strength, light weight and
high dielectric qualities, use Diamond Fibre. We pro.
duce this remarkable raw material in easy-to-handl

SHEETS - RODS - TUBES
ready for all machining processes or fully machined to
tour 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.

"How Other People Get Ahead"
is explained in a little booklet
just issued by the U. S. Treas-
ury Department.

If you are interested in your
future, this booklet has a
timely message for you.

Write for a free copy.

United States Government Savings System
Second Federal Reserve District

97 Maiden Lane - New York City
.;i111111111111111111111111111111111119

Classified Advertiser's Index for Buy ers-Continued.
TROLLEY LINE MATERIALS

General Electric Co., Schenectady, N. Y.
Ohio Brass Co., Mansfield, 0.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
TURBINES, HYDRAULIC

Allis-Chalmers Mfg. Co., Milwaukee
Cramp & Sons Ship & Eng. Bldg. Co.,

The Wm., Philadelphia.
TURBINES, STEAM

Allis-Chalmers Mfg. Co., Milwaukee, Wis.
General Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
TURBO -GENERATORS

Allis-Chalmers Mfg. Co., Milwaukee, Wis.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
VALVES

Johnson Hydraulic
Cramp & Sons Ship & Eng. Bldg. Co.,

The Wm., Philadelphia
VARNISHES, INSULATING

General Electric Co., Schenectady, N. Y.
Irvington Varnish & Ins. Co., Irvington, N. J.
Minerallac Electric Co., Chicago
Sterling Varnish Co., Pittsburgh
Westinghouse Elec. & Mfg. Co., E. Pitts-

burg, Pa.

WELDING EQUIPMENT, ELECTRICAL
General Electric Co., Schenectady, N. Y.
Ohio Brass Co.. Mansfield, 0.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

WIRELESS APPARATUS
Acme Apparatus Co., Cambridge, Mass.
General Radio Co., Cambridge, Mass.
Westinghouse Elec. & Mtg. Co., E. Pitts-

burgh
WIRES AND CABLES

Armored Cable
Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston

General Electric Co., Schenectady, N. Y.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Asbestos Covered
Belden Mfg Co., Chicago
General Electric Co., Schenectady, N. Y.
Rockbestos Products Corp., New Haven,

Conn.
Auto

Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady, N. Y.
Kerite Ins. Wire & Cable Co., New York
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Bare Copper
American Ins. Wire & Cable Co., Chicago
Anaconda Copper Mining Co., Chicago
Belden Mfg. Co., Chicago
Copper Clad Steel Co., Rankin, Pa.
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Copper Clad
Copper Clad Steel Co., Rankin, Pa.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Flexible Cord
Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady, N. Y.
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Fuse
General Electric Co., Schenectady, N Y.
Roebling's Sons Co., John A. Trenton, N. J.
Western Electric Co., All Principal Cities

Lead Covered (Paper and varnished
cambric insulated)

Atlantic Ins. Wire & Cable Co., Stamford,
Conn.

General Electric Co., Schenectady, N. Y.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A. Trenton, N. J.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Magnet
Acme Wire Co., New Haven, Conn.
Belden Mfg. Co., Chicago
Dudlo Mfg. Co., Fort Wayne, Ind.
General Electric Co., Schenectady, N. Y.
Rockbestos Products Corp., New Haven,

Conn.
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Rubber Insulated
Atlantic Ins. Wira & Cable Co., Stamford,

Conn.
Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady, N. Y.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A. Trenton, N. J.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Trolley
Anaconda Copper Mining Co., Chicago
Copper Clad Steel Co., Rankin, Pa.
Roebling's Sons Co., John A. Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Weatherproof
American Ins. Wire & Cable Co., Chicago

PCopper Clad Steel Co., Rankin, a.
General Electric Co., Schenectady, N. Y.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A. Trenton, N. J.
Simplex Wire & Cable Co., Boston, Mass.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., AU Principal Cities

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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ience Abstracts
All electrical engineers actively engaged in the practice of their pro-

fession should subscribe to "Science Abstracts."

Published monthly by the Institution of
Electrical Engineers, London, in associa-
tion with the Physical Society of London,
and with the cooperation of the American
Institute of Electrical Engineers, the Ameri-
can Physical Society and the. American
Electrochemical Society, they constitute an
invaluable reference library.

Through "Science Abstracts" engineers
are enabled to keep in touch with engineer-
ing progress throughout the world, as one
hundred and sixty publications, in various
languages, are regularly. searched and

abstracted. "Science Abstracts" are pub-
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-
graphy, telephony, wireless telegraphy, prime movers,
engineering materials, electrochemistry.

Through special arrangement, members of the A. I.E.E.
may subscribe to "Science Abstracts" at the reduced rate
of $5.00 for each section, and 310 for both. Rates to non-
members are 37.50 for each section and 312.50 for botb.

Subscriptions should start with the January issue.
The first volume was issued in 1898. Back numbers are
available, and further information regarding these can be
obtained upon application to Institute headquarters.

American Institute of Electrical Engineers
33 West 39th Street, New York

a

a

ghe largest selling
quality pencil
in the world

For Quality
in Every Line

The 17 black degrees of
VENUS PENCILS

meet every pencil demand-with
superlative smoothness. For
drafting, sketching and writing.
they are the world's accepted
standard.
17 black degrees, 3 copying
For hold, heavy lines . . 611-511411-3B
For Writing, sketching . 21311 -11E -F11
For clean, fine lines . 2I1-311-411-511-6II
For delicate, thin lines . . 7111111.911
Plain Ends, per doz. . $1.00
Rubber Ends, per doz. . . 1.20

At Stationers, Drafting Supply /10111711/4
111111 Stores throughout t11e World

American Lead Pencil Co.20.1 Fifth Ave, New York
and London, Mint

Write for
Nample of

Venue
Eraser

Please mention the JOURNAL

Transparency;

a

a

r
Drawing Sur act

These are three essential
qbalities which you will
find combined to the great-
est possible extent in

-

kiiN IC "
Tracing Paper

It's ivory tinted, with slightly grained surface
suitable for either ink or pencil. Very tough
and transparent, it can often be substituted
for tracing cloth.
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4.E

1 :2
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$' E.l E
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-Makes good blue prints- :. 2
4,?

Furnished in two thicknesses, thin or medium, ,,V

in rolls and sheets.

attached to your letterhead will bring
full size samples.

KEUFFEL & ESSER CO.
NEW YORK, 127 I 17110/1 SAHA 0111u and F uteri, HOBOKEN, N. 1.

CHICAGO ST. LOUIS SAN FRANCISCO MONTREAL
61170 0 0 1117 1400 11 30.34 Second .1 11.1. 0.,,. n. W
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eetis Type "RS" Induction
Single Phase Motors

I

th
,

Y8 Hp. and larger

I I ouse pumps, refrigerating plants, com-
pressors, and similar equipment require
motors with ability to start under heavy load
--they require motors able to meet those
momentary overloads without faltering.

TYPE " RS " REPULSION START
INDUCTION, SINGLE PHASE
MOTORS are 40° motors - they are
ruggedly and substantially constructed
in every particular.

Century Electric Company
St. Louis, Mo., U. S.. A,

Sales Offices and Stocks in all Principal Cities

ALPHABETICAL LIST OF ADVERTISERS
PAGE PAGE PAGEAcme Apparatus Company 26 Ferry, Montague 28 Pacific Coast Steel Company 25Acme Wire Company, The
s 17 Fire Protection Engineers 28 Page & Hill Company 8Alexander & Dowell 28 Ford, Bacon & Davis, Inc 28 Partridge Lumber Company, T. M. 27Allis-Chalmers Manufacturing Co 33 Fowle & Company, Frank F. 28 Pittsburgh Transformer Company 25Ambursen Construction Company, Inc. 28 Freyn, Brassert & Company 28 Prenner, I. S 29American Appraisal Company, The 28 Fuller Engineering Company 28 Public Service Production Company 29American Insulated Wire & Cable Co 26 Publications A. I. E. E 35American Lava Corporation 20 G & W Electric Specialty Company 18American Lead Pencil Company 37 General Bakelite Company 36 Railway & Industrial Engineering Co 24American Transformer Company 20 General Electric Company 10 Redmanol Chemical Products Company.... 36Anaconda Copper Mining Company 22 General Radio Company 20 Robinson & Company, Inc., Dwight P. 29Arnold Company, The 28 Goulds Manufacturing Company, The 26 Rockbestos Products Corporation 23Atlantic Insulated Wire & Cable Co 26 Rockwood Manufacturing Company, The... 31Higbie, William S 28 Roebling's Sons Company, John A 26Bahamon, Robert 28 Hemingray Glass Company 27 Roller -Smith Company 21Bakelite Corporation

Barstow & Company, W. S
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28 Irvington Varnish & Insulator Company.... 2

Rowan Controller Company, The 31
Bates Expanded Steel Truss Company
Battey & Kipp, Inc
Belden Manufacturing Company
Biddle, James G.
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Jeffery -DeWitt Insulator Company 15
Johns -Pratt Company, The 4 5

Sanderson & Porter
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Schramm, Adolph P. C
Science Abstracts
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37Boston Insulated Wire & Cable Co 26 Kappeyne, J 28 Sessions Engineering Company 29Bristol Company, The 21 Kerite insulated Wire & Cable Co 1 Simplex Wire & Cable Company 23Keuffel & Esser Company 37 Simpson, Frederick G 29Century Electric Company 38 K -P -F Electric Company 22 S K F Industries, Inc., OP 3Cheyney & Weschler 28 Kuhlman Electric Company 24 Spray Engineering Company 29, 31Clark, Walter G.

Clement, Edward E
Condensite Company of America
Condit Electrical Manufacturing Co
Copper Clad Steel Company

28
28
36
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22

Lapp Insulator Company, Inc 25
Leeds & Northrup Company 27
Lincoln, Inc., E. S. 29
Locke Insulator Corporation 26

Standard Underground Cable Company
Star Electric Motor Company
States Company, The
Sterling Varnish Company, The
Stevens, John A

19
31
27
19
29Cutter Company, The

Day & Zimmerman, Inc

39

28
MacGillis & Gibbs Company, The 27
Mahoney; J. N. 29
Martindale Electric Co. 31

Stockbridge & Borst
Stone & Webster. Inc.
Structural Slate Company, The

29
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26Denike, Inc., Robert E.

Diamond State Fibre Company
Dickinson, W. N.
Dossert it Company
Dudlo Manufacturing Company

28
36
28
9

23

McClellan & Junkersfeld, Inc 29
Metropolitan Device Corporation 40
Midwest Steel & Supply Company, Inc 39
Minerallac Electric Company 22
Moloney Electric Company 18

Texas Company, The
Thomas, Percy H
Thomas & Sons Company, The R.
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24Duncan Electric Manufacturing Co.

Egbert, Charles C.
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Moore & Company, W. E 29
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U. S. Govt. Savings System
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Electrical Testing Laboratories 30 Neall, N. J. 29 Viele, Blackwell & Buck 3(Electro Dynamic Company 30 Neiler, Rich & Company 29
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M1IIWIST AIR FILTER:,

ADVERTISING SECTION

Send for your
copy of this

E--

emesesmikim

new catalog,
Just off the
press.

Instal a Wall Between Dust and Trouble
in Oenerators and Transformers

Dust from the cooling air used for your generators,
motors, transformers, etc., accumulates on windings and
in air gaps, picking up moisture as well. Dust constitutes
a constant menarp of short circuits and serious damages.
Instal a wall made up of the units of

RNEft AIR FILTERS
Only clean air goes through. Dust and dirt are caught

on the face of the filter. There are no moving parts.
Only periodic cleaning is required. Over 2000 installa-
tions are now in use.

Write Dept. F-1 for your copy of our new data.
Book illustrated above.

MID
MIOWIST CAMPO* LIMITED

11. 0 box 251
11.10MIGIAL CANADA

MIDYISI am FILTERS FACIE M, IIK
9.))14011,1A0.10. WI INR

SAN ERAMCISCC, CAL

)Ate`:
INC 012P Ow ED

100 EAST 45,- STREET
NEW VOIctie. CITY
 RNCIIIES IX ALL CITIES

A cheap
Circuit -Breaker,
wrapped up
in tin, is not

(I RE-LITE
rft

BSTABLISIIED 1868
CO

PHILADELPHIA

1829 Hanailton Street
hitilumumumunamliamommammonamananammumommammumainamiamaniameamaamanuaimamonaanaanammg
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Are Your Motors
Easily Maintained?
The best small motor deserves-
and should receive-right atten-
tion, occasional inspection, clean-
ing and lubrication when needed.
It is more likely to have these
when its construction makes

up" and reassembly easy.

QQ

PRECISIVN
HEAREN:GS

In fractional hp. motors reduce the
maintenance problem to the lowest
terms. Taking off the end housings
brings the outer ball races also. Balls
and cage-left on the inner race on the
shaft-are easily slipped off. Every part
of each bearing-thus exposed-is easily
cleaned, easily repacked with lubricant,
and easily replaced in perfect adjust-
ment.

Let us send you the booklet on
making good motors better.

Th9E CVNIPANY
VF AMERICA'

Anable Avenue
Lvng Island City New York
BALL, RVLLER AND THRUST BERRIHaS

39
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Metropolitan Protective Devices (Murray Patents)

This standard package cable
joint saves material. There
is nothing to waste. It saves
time. No trips need be made
for materials forgotten. It
saves money, being portable
and easily installed.

OIL FILLING TAP.

LEAD SLEEVE.

IMPREGNATING WICK.

COPPER GROUNDING GAUZE -

PAPER INSULATION BELT.

PAPER INSULATION AROUND EACH CONDUCTOR.

FILLER

CONNECTORS- TAPERED END..

MILL INSULATIONS

Detailed View Metropolitan
Oil -Filled Cable Joint j.

A New Standard Package Oil Filled Cable
Joint that Requires No Vacuum Filler

Contents of
Standard Package

Lead Sleeve
Sleeve Stocking
Compound
Paper Insulation
Impregnated Wicking
Rove Filler
Connectors
Emery Cloth
Waste Ends
Gummed Paper
Muslin
Bar 50-50 Solder

When the "OIL FILLED CABLE JOINT" was orginally developed,
the specifications for cables did not include bending tests, with the conse-
quence that cables then produced were more susceptible to damage by
bending than the modern cables built in accordance with the National
Electric Light Association specifications, which call for two complete bend-
ing cycles. 180° and reverse, on a drum diameter 12 times that of the cable.
The application of the vacuum with the "oil filled" cable joints caused the
oil' to travel a considerable distance into the cable at both sides of the
joint, thereby healing any damage sustained at the cable ends by the
bending and handling of these ends while splicing and racking the cable,
or even in winding on the inner portion of the reel.

With modern, improved cables, we can now omit the vacuum process by
using an improved grade of filling oil which gives practically as perfect
penetration of the oil from the joint into the cable as formerly with the old
type of oil, with vacuum. Our new oil, without vacuum,insures perfect uni-
formity of saturation between joint and cable ends, superior to any other
type of joint filling compound. Therefore, with the improved oil we have re-
moved the necessity of applying the vacuum thereby greatly simplifying
the use of the "OIL FILLED CABLE JOINTS"but still retaining all of the
numerous advantages and many points of superiority of this type of joint.

Other Metropolitan
Products
Network Protectors
High and Low Tension Fuses
Junction Boxes
Standardized Switches
High Tension Cable Joints
Primary Cutouts
Subway Sectionalizing Units
D.C.Cable Testing Ammeters
Cable Racks

METROPOLITAN DEVICE CORPORATION
1250 Atlantic Avenue, Brooklyn, N. Y.

Gentlemen: Please send full information on Metropolitan Standard Package Cable Joints.

Name

Address.

Company

Title, .

And kindly check any of the items at the left on which you desire information.
mommiIN,

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



WINDSOR POWER PLANT
POWER, W. VA.

Equally owned by

WEST. PENN POWER CO.
and

AMERICAN GAS & ELECTRIC CO.
Engineers Sanderson 6- Porter - Sargent & Lundy

OKONITE RUBBER and VARNISHED
CAMBRIC WIRES & CABLES

THE OKONITE COMPANY, Passaic, N. J.
INCORPORATED 1884

Sales Offices
New York Atlanta San Francisco

Central Electric Company Chicago, Ill. General Western Agents
F. D. Lawrence Electric Co. Cincinnati. 0, Novelty Electric Co, Philadelphia. Pa.

Pettingell-Andrews Co. Boston. Mass.
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from ifie 013 -LINE

One-piece Insulators
for distribution lines

THE half -scale illustrations show a few of the smaller
insulators from the 0-B Line.

No. 10387, the unit shown at the top, has a voltage rat-
ing of 4000. It is 3% inches in diameter and weighs about
14 ounces.

Next below it is No. 9404, rated at 6600 volts. This is
a popular insulator, and one on which we -can ordinarily
make prompt deliveries.

The third sample, No. 9953, also has a general rating
of 6600 volts, but is designed primarily for carrying large
cables.

The illustration at the foot of the page shows No. 12848,
which has a general rating of 11,000 volts.

Every insulator receives the same care
as large high-tension 0-B Insulators

In Manufacture
Made of wet process porcelain by the same methods
used for the larger insulators.

In Inspection
Each piece is carefully inspected to insure highest
quality and uniformity.

In Packing
Special attention has been given to developing im-
proved packing methods giving a maximum of pro-
tection to the insulator and a convenient package
for store room and field use.

All of which means good insulators and best possible
performance in an important service.

The Ohio
Mansfield, '44Dhio.U.S.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 Insulators
saimmonimimob

Brass co
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