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The Electrical Plant of Transocean Radio Telegraphy

BY E. F. W. ALEXANDERSON, A. E. REOCH and C. H. TAYLOR

Fellow, A. 1. E. E.

Associate, A. I. E. E.

All of the Radio Corporation of America

Review of the Subject.—A description of the expansion of
the Transocean Communication System of the Radio Corporation
of America from a few isolated plants to a unified group of electrical
plants all controlled for communicalion purposes from a ceniral

traffic in New York City, wilh a summary of the technical con-
ditions covering the design of the Radio Central Station and of the
technical condilions to be met in operating efficiently a modern
radio communicalton sysiem.

T the beginning of 1920 the United States Govern-
nment removed the war restriction on commercial
radio service, and the Navy Department restored

to the Radio Corporation of America those stations
which were built and equipped in 1914 by the Marconi
Wireless Telegraph Company of America for trans-
ocean service.

In addition to the agreements previously entered
into with countries in Europe for transocean radio
service, the Corporation faced the situation arising
out of the Great War, in which practically every
European country demanded direct radio commiunca-
tion with the United States.

The need for the provision of modern facilities for
carrying on radio communication with those countries
with which agreements had already been made, was
imperative, and hardly less imperative was the need
for the expansion of our facilities to meet the new
situation.

The radio equipment in all of the installations re-
stored to the Corporation was of obsoletetype and based
on the use of damped waves, except in the case of the
New Brunswick station. At trat station tke Navy
Department had instructed the General Electric
Company to install high-frequency alternator equip-
ment and to modify the antenna circuit to meet the
requirements of their system. Accordingly, an alterna-
tor equipment was installed which was able to supply
to the antenna circuit 200 kilowatts at the high fre-
quency to which the antenna circuit is tuned. The
antenna at this station had been erected as an inverted
L, approximately a mile long and 550 feet wide. This
was changed to the multiple-tuned type by adding five
tuned down leads, equally spaced along the length of
the antenna, and connecting them through a balanced
distribution system to the ground and counterpoise
wires. This installation has been described by techni-
cal papers read in 1920 and 1921.

Operation of the system of the Radio Corporation
started with two transmitting stations — at New
Jrunswick, New Jersey, and at Marion, Massachusetts.
Each of these transmitting stations had its correspond-
ing receiving station at Belmar, New Jersey, and at
Chatham, Massachusetts, respectively. New Bruns-
wick was used for communication with England, and
Marion for communication with Norway. The tele-
graphic operation of the English circuit was centered
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in Belmar, and the operation of the Norwegian circuit
was centered in Chatham. Messages to England or
Norway were telegraphed to Belmar and Chatham
respectively, where they were copied and transmitted
over the radio circuit via New Brunswick and Marion.
Similarly, messages from England and Norway were
received in Belmar or Chatham, were copied by hand,
and re-telegraphed to New.York. This process in-
volved several relays of telegraph operators with the
consequent high expense and possible delays and errors.

With the present system of operation, the Radio
Corporation has six transmitters on the Atlantic coast,
two in Tuckerton, one in New Brunswick, one in
Marion, and two in tke Radio Central station on Long
Island. All these transmitters are controlled directly
from the traffic office in New York City.

Only one receiving station is needed for all incoming
messages. This receiving station is located at River-
head, Long Island. It kas a single antenna of a new
and special type, which will be deseribed later. This
antenna intercepts the waves from all European trans-
mitting stations. Tte receiving apparatus, also of a
new type, separates this conglomeration of ether waves
which come in over the receiving antenna, into separate
messages which arve automatically relayed over tele-
phone wires so that all messages are received and copied
in the same traffic office in New York. ’

The transmitting station on Long Island — known
as ‘“Radio Central” — and the receiving station at
Riverhead, Long Island, represent the modern system
of the Radio Corporation. The stations at New Bruns-
wick, Marion, and Tuckerton, atre adaptations of the
modern transmitting apparatus developed by the
General Electric Company and antennas built before
the war. The characteristic features of the transmit-
ting system are: The high-frequency alternator, the
multiple-tuned antenna, the speed or wave-length
regulator, and the magnetic amplifier.

In the Riverhead receiving station the method of
centralization has been carried to its logical conclusion
by concentration of all radio appatatus in the one
station, and concentration of all reception in New
York. The advantage of such concentration is ob-
vious. New receiving circuits for communication with
any new station in Europe can be added at a negligible
cost by installing a new set of receiving apparatus on
some of the shelves provided for that purpose in the
Riverhead receiving station.

The Radio Central transmitting station has been
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planned in such a way that the cost of additional
transmitting units will be a minimum. The choice of
the site of the Radio Central transmitting station was
carefully considered, looking forward to a growth of
international radio communication which would require
as much as twelve transmitters in this new station.
Two of these twelve transmitters are already
completed.

The principal considerations in selecting the site for
the Radio Central station were:

1. The site must be within a reasonable distance
from New York — the center of traffic.
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was to be the controlling factor. The engineers thus
undertook to remedy by new developments in the
technique what nature had failed to provide — a good
ground. Much progress had already been made to
reduce ground resistance by multiple tuning and ground
equalizers, but this experience had been gained in
stations like New Brunswick, Marion, and Tuckerton,
where the natural ground resistance was low. How-
ever, we had sufficient faith in the further possibilities
of development of improved grounding methods to take
the responsibility for starting the construction of the
new station while investigation was going on to find a
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2. A large tract of land of a desirable nature must
be available, at a moderate cost.

3. A good power supply must be within easy reach.

4. There must be direct and reliable wire line
communication with New York City. -

The site selected on Long Island fulfilled these re-
quirements in an ideal way, but another desideratum
which, in the past, had been the deciding factor in
selecting sites for transmitting stations, was not ful-
filled in the Long Island location — a natural low
ground resistance. The Long Island ground consists
of quartz sand of extraordinarily high resistance. The
decision, therefore, regarding the selection of this site
was a grave responsibility for the engineers of the
Radio Corporation. It meant a radical departure
from the generally accepted theories. It implied that

practical operation rather than technical considerations

solution for the grounding problem. The develop-
ment work of the new ground system required as much
time as the completion of the rest ot the station, but by
the time the station was ready to go into service the
ground system was also ready and proved to be succes-
ful beyond the most sanguine expectations.

The Radio Central transmitting station of the Radio
Corporation of America is the first of our stations that
has been planned and designed from the beginning to
meet modern requirements, the other stations having
been made to conform to modern practise by modifica-
tion of equipment installed in earlier times. The Radio
Central type of station is being duplicated in Poland
and Sweden. This station has been frequently de-
scribed and while its 400 ft. steel towers with 150 ft.
cross arms are quite well known, little has been pub-
lished regarding the technical performance of the plant.
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RADIATION

The transmission value of the transmitting station
is expressed by the product of the effective height —
usually given in meters — and the charging current of
the antenna circuit — given in amperes. In deciding
upon the valueof meter amperes that would be required
at our Long Island station, we took advantage of the
experience gained from work done with the signals
transmitted from the Nauen station in Germany and
the Carnarvon station in England. As a result of the
preliminary work in this connection, a figure of 50,000
meter amperes was decided upon and the antenna cir-
cuit was designed to give this value with full power on
one transmitting unit.

As this figure of 50,000 meter amperes is made up of
two factors, effective height of and current in the an-
tenna circuit, the values assigned to each of these factors
must be so chosen that the cost of the antenna, cost of
power equipment, and cost of operation and mainte-

SCALE - COST

400 600 800
SCALE - MAST HEIGHT N FEET

Fig. 2

Design Data: Radio central type antenna, wave length 16,000 M.:
Voltage maximum 120,000 M.: meter ampere value: Curve A-50.000,
Curve B-100,000.

nance, will result in the most economical investment.
In order to determine the most economical height of
antenna, it was necessary to check carefully, the vary-
ing effects of capacity, effective height, wave length,
voltage and current. The result of these investigations
showed that if the first cost of the transmitting station
he plotted against the height of the towers for a given
value of meter amperes at a given wave length, a curve
is obtained showing a distinect minimum. This mini-
mum is not sharp but shows that there is a minimum
cost of station for the given meter ampere value over a
small range in the height of the towers.

Fig. 1 gives for comparison the principal dimensions,
effective height, and resistance of the four types of
antenna used in the Atlantic shore stations of the Radio
Corporation. The eflective heights are determined by
measurements of radiation.

Fig. 2 shows the calculated cost for antenna strue-
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tures at different heights for two typical stations of
50,000 and 100,000 meter amperes radiation.

The antenna voltage limitations which had been
experienced at our older stations necessitated an
investigation of the insulators that should be used in
connection with these antennas. This work has been
described recently in a paper read by Mr. W. W. Brown
on March 7th, last, before the Institute of Radio
Engineers, and this shows that by careful design and
arrangement of parts, we have been able to raise the
working voltage of our antennas from around 60,000
to 150,000. In a recent test of the insulators actually
installed and operating at our Radio Central station
at a voltage of approximately 120,000, it was found that
the voltage distribution over the double insulator
unit, by means of which the wires are suspended from
the bridge arm of the towers, is roughly 45 per cent and
55 per cent, the insulator nearer the tower having the
smaller proportion of the voltage.

PowERr

The power to operate the station is generated in the
Long Island Lighting Company’s plant at Northport,
L. 1., and carried by a three-phase network at 22,000
volts, a distance of 30 miles to the radio station. At
the radio station, the power is transformed to 2300,
two phase, to drive the induction type motors con-
nected through step-up gears to the high-frequency
alternators.

ANTENNA

The suspension of the antenna wires followed current
transmission line practise. The wires run the full
length of the antenna; standard transmission line
clamps are fastened to the wire at each tower suspension
point. These are shackled to the insulators suspended
from the tower bridge arm. As the working voltage
at which this antenna would operate, was higher than
that used at our other transocean stations, the design
of this circuit was carefully considered with respect to
corona losses. The operation of this antenna at 135,000
volts showed that the corona limit was not reached on
any portion of the circuit, although there is not a very
great reserve where the inner wires unshielded by the
suspension insulators, pass across the face of the steel
tower.

The antenna consists of 12 parallel wires 5/16 in.
diameter 7500 feet long and spaced on an average about
14 feet apart forming an approximately horizontal
plane about 150 feet wide. The wires are stretched
from dead end structures close to the building to the
first tower cross arm then from cross arm to cross arm
in a straight line to the sixth tower, then again to a
dead end structure at the ground level at the far end.

The self supporting type of tower was selected for
use with this antenna. It is equipped with a bridge
arm, its length 150 ft. over-all—fixed to the top of the
tower. The insulators ecarrying the antenna wires
are suspended from the lower face of this bridge.
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Many reasons entered into the decision to use this
type of tower, three of which may be mentioned here.
One consideration was, the average height of the
antenna wires. With a group of similar antenna wires,
equally loaded, suspended on a springstay between
two towers, the height above ground of the point of
suspension of a wire decreases as the distance between
this point and the nearest tower Is increased. With
a similar group of wires suspended from the bridge arm
of a tower, there is no similar variation.

Another engineering consideration was the variation
in antenna constants caused by high winds. The’
suspension of tke group of antenna wires from a spring-
stay slung between the tops of two masts or towers,
has been used at our New Brunswick, Marion, and
similar stations. It las been found that whenever
there is a high wind blowing across the antenna wires,
the spring stay assumes a new position varying with the
strength and direction ot the wind. With gusty
winds of high velocity, this change of position is con-
tinuously occurring. There 1s, in addition, the varia-
tion in the position of the antenna wires due to the
cross wind on the wire span between the spring stays.
The result of these changes in position of the wires is
that the constants of the antenna circuit change, and
detune the antenna from the alternator ‘which is oper-
ated at an accurately regulated wave length. The
resulting fluctuations in radiation have heen so great
at times as to seriously impair the commercial effect-
1veness of this station. Now, with a fixed point of
suspension, such as the tower bridge arm, the only
variations in position of the wires, are those due to the
wind on the wire span between the towers. Those due
to the variation in the position of the spring stay are
not present.

Theantenna circuitsat all of our stations are equipped
with variometers to correct for these changes and
our experience is that the variations are less severe with
Radio Central type of antenna than with that of New
Brunswick.

As Long Island is well within that zone of the United
States in which sleet and glare formation must be ex-
pected on all structures exposed to the weather during
the winter months, provision has been made to meltsuch
ice as may form around the antenna wires. The heat-
ing current for sleet melting, is supplied from the
power house, at 60-cycles, through special transformers
and reactances. The antenna wires are connected
together at the far end of the circuit. By opening
switches at the power house end of this circuit, the
wires can be disconnected from the radio frequency
feeder circuit and the 60 cycle power circuit can be
connected. If the several downleads were connected
directly to the antenna wires throughout their length
the path of the heating current would be short-circuited.
Two satisfactory methods have been used to avoid such
short circuit. One method consists in dividing the
wires into four groups and connecting only the wires
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belonging to one group at each of the four intermediate
points. At both ends, all wires are connected. The
other method consists of making the connection of each
wire through a specially designed condenser.

The inductors used at each downlead of tre multiple
tuned antennas are installed without any protection
from the weather. This type of installation Fras
proved satisfactory except at some locations close to
the sea where the spray from the sea water deposits
salt on the insulators.

The standard outdoor coil is shown in Fig. 3. Fig. 4
shows coils housed in frame structures lined with copper.

At stations where more than one antenna circuit is
installed, attention must be given to the disposition of
the several antennas and of their individual feed circuits
in order to minimize their mutual Interaction. In
enlarging or remodelling an existing station, it is not
always expedient to attempt to bring all antenna
circuits to the close proximity of the power house. This
is particularly true of a station where tre original
antenna circuit is of umbrella design and where a
second antenna cirecuit is to be installed, which can
be operated simultaneously with the first and on a long
wave length differing from that of the first by only
a few per cent. Such a situation confronted us at our
Tuckerton station. The space immediately surround-
ing the power house was occupied by the umbrella
antenna, which was in continuous commercial use.
The new antenna could be erected on some vacant land
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just beyond the boundary of the space occupied by the
umbrella antenna provided this antenna circuit could
he fed with power at radio frequency from the power
plant. The study of a transmission line that would be
suitable for supplying to this antenna from the power
plant, 200 kw., at frequencies of around 18,000 per sec.
with little loss on the line, disclosed that this was quite
practical. The antenna has been erected, this high-
frequency line has been installed and the circuit has
been operated very satisfactorily now for over a year.
The power delivered to the antenna circuit 1s 92 per
cent of the power supplied to the line.

The success of this type of antenna feed circuit will
have a profound effect upon the design of stations
operating two or more antenna circuits simultaneously.

GROUNDING SYSTEM

The first decision to be made in the development of
the ground system was whether it should be of the
buried wire type, or the type known as ‘“‘counterpoise”
or “earth screen.” The New Brunswick station has a
ground system combining counterpoise and buried

wires. Experience had shown that while the counter-
poise type might be ideal, from a theoretical point of
view, it would be undesirable from the point of view of
practical maintenance.

A counterpoise consists of a network of wires mounted
on poles. These wires carry fairly high potential and
the failure of any one wire will cause interruption of
service until the fault is located and repaired. The
overhead system of wires is also undesirable because
it is an obstruction, making the maintenance of the
overhead antenna wiring difficult and expensive.
Theoretical considerations indicated that a buried wire
system would be as effective as aninsulated counterpoise
provided that its dimensions and design were carefully
planned with reference to the character of the soil.

To determine the basic factors for the design of a
buried ground system, measurements were made of
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wave propagation on wires of different lengths buried
in the Long Island soil. As a result it was found that
the velocity of wave propagation on a wire in this soil
is about ene-tenth of the velocity of wires suspended in
the air. It was found, furthermore, that the resistance
of the wire is a function of the wavelength. With
increasing length of the wire, the conductivity increases
as a linear function up to a length of one-quarter wave-
length, where it reaches a maximum, after which it be-
comes a periodic function of the wavelength and the
length of the wire. The results of these measurements
showed that the maximum length of wire which could
be used effectively must be something less than one-
quarter wavelength of the wave propagation in the
buried wire.

Measurements of wave propagation in the buried
wires indicated that while lengths as great as 1200
feet could be used economically in the Long Island soil,
it was furthermore determined, through calculations
of the electric field distribution around the antenna, that
76 per cent of the electric lines of force radiating from
the antenna would be collected by these ground wires
if they were made 1000 feet long. One thousand feet
on each side of the center line of the antenna was there-
fore considered sufficient; the result is that the Long
Island antenna, in effect, stands on a plate of copper
2000 feet wide and 3 miles long, and therefore the
functioning of this antenna is made independent of the
resistance of the soil.

The combined antenna and ground system offers a
total equivalent resistance to the antenna currents of
only 40 hundredths of an ohm, made up as follows:

Radiation resistance. .. .. .. 0.05 ohms at 16,500 meters

Ground resistance. .. ... ... 0.10 ohms
Tuning coil resistance. ... .. 0.15 ohms
Conductor resistance... .. .. 0.05ohms
Insulator and other losses.. . 0.05 ohms

Total....... ... .. 0.40 ohms

The unit is operated with 200 kw. in the antenna,
and the antenna current is 700 amperes, resulting in a
radiation of 60,000 meter amperes.

A special plow was constructed by which the wires
could be laid cheaply. The plow carried a coil of wire.
It had a blade which introduced the wire in the ground
at a depth of twenty inches. The plow was drawn by
two Ford tractors.

The ground network consists of wires each 2000
feet long buried in the ground a depth of 15 to 20 inches
in lines at right angles to the line of the antenna with
the center point of the ground wire under the center
line of the antenna. The ground wires are spaced 10
feet apart and as the antenna is 7500 feet long there are
therefore 750 such wires making the total length of
buried wire approximately 1,500,000 feet. The ground
wires are connected to a heavy underground bus which
runs in the ground under the center line of the antenna.
There is also an aerial bus feeder which is connected
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to the buried bus through inductive reactances in such
a manner as to make all paths to ground of equal
reactance, resulting in equal distribution of the antenna
current to all sections of the ground system.

CONSTANCY OF WAVELENGTHS

A factor of great importance is that of maintaining
the frequency or wavelength radiated absolutely
constant for reasons that will be referred to later. In
radio stations using high-frequency generators of the
alternator type the speed of the alternator determines
the frequency of the waves radiated. In many other
forms of transmitters the frequency is affected by the

Fia. 5
New Brunswick. N. J

antenna constants if not actually controlled by the
antenna, with the result that as the antenna wires are
blown about by wind; and ground and insulators are
affected by dry, wet or frosty weather; changes in
frequency will constantly occur. In the case of the
alternator the problem resolves itself into maintaining
the driving motor at constant speed regardless of
voltage or frequency fluctuations in the power supply
or the telegraph load fluctuations to which it is sub-
Jected by the alternator. This is accomplished by a
system of relays operated in synchronism with the
telegraph key by means of which the voltage applied
to the motor terminals and the resistance in series
with the wound rotor is varied so that the motor torque

Fic. 6
Radio Central, Long lsland

is always just equal to the load to which it is applied.
Tendeney to change speed on account of the telegraph
load is thereby eliminated. Speed fluctuations due to
changes in the power supply are not so easily disposed
of however. A portion of the generator output is
utilized to energize a tuned circuit of low resistance
adjusted to have a natural period slightly ¢;Jerent from
the frequency at which the generator is maintained
so that if the alternator frequency varies only a few
hundreths of one per cent in one direction, there will
be a large increase in the current in this resonant cir-
cuit, or if the variation is in the other direction, there
will be a correspondingly large decrease. A portion of
the current in this resonant circuit is rectified and we
are thus provided with a direct current which varies
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up or down practically instantaneously with the slight-
est change in the alternator frequency. This direct
current is made to control the voltage supplied to the
motor terminals reducing the voltage to counterbalance
a tendency towards increase in speed and vice versa.
In order that there may be a visual indication of what
1s going on, a recording ammeter is inserted in the
rectified current circuit; a fine straight line on the
ammeter chart indicates a constant frequency, a thick
line indicates small and continuous variations of fre-
quency and so forth. Under usual conditions of
operation, irregularities of the ammeter chart line can
be included within two parallel lines 1. 8in. apart
representing maximum frequency variations not ex-
ceeding one in 5000 or 4 cycles per second, or 3 meters
when operating at 20,000 cycles and 15,000 meters.

Fig. 5 is a section of speed control ammeter chart
from the New Brunswick station; the irregularities
in this chart are due to various adjustments being made
while in operation.

Fig. 6 is a section from a Speed Control Ammeter
chart for one of the transmitters at the Radio Central
Station.
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Fig. 7 is the corresponding section of the wattmeter
chart of the same transmitter.

RECEIVING SYSTEM

The centralized receiving system is located at River-
head, Long Island. The antenna is of a new type
which gives uni-directional reception. This svstem is
so orlented as to receive signals from the over-ocean
transmitter and annul signals from all other directions,
including the powerful home transmitter nearby.

The antenna consists of two copper wires strung on
ordinary poles like a telephone line, and extending over
a distance of nine miles, (15,000 meters). This antenna
feeds a number of separate receiving circuits of different
wave lengths without the slightest mutual interference
or weakening of the signals.

Important as it is, from the point of view of centrali-
zation, to be able to receive an indefinite number of
signals from the same antenna, the greatest importance
in the use of this new receiving system is its remarkable
properties of suppressing atmospheric disturbances or
the so-called “‘static”” which hitherto has been the bane
of radio communication. The attainment of these
results is not an accident; it is the result of development
work covering a number of years. The “wave antenna”’
as now used in Riverhead, is the practical answer to the
receiving problem of today. The principle of directive
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reception has almost unlimited possibilities, and, by
economic laws, the receiving system should be developed
along these lines until its cost begins to equal the trans-
mitting system. Then will the total cost of a complete
circuit, transmitter and receiver, reach its ultimate
minimum. However, this economic balance 1s far
from reached as yet. The principles of reception by
long antennas were laid down in two papers presented
to the A. 1. E. E. in 1919, one by Weagant describing
a system of balanced long loops, and the other by
Alexandecson deseribing a system of open wires balanced
against each other.

In this development the controlling idea is a mental
picture which we now have of the nature of the dis-
turbance which we wish to suppress. We call it
“static” because it was assumed, in the past, that it was
of the nature of static electricity. The hypothesis
which is the basis of our modern work is, however,
different. We imagine the ether as a disturbed ocean
with waves of every length rolling in from all directions.
These waves are of the same nature as the signal waves.
Those disturbing waves which are of ditferent wave
length from our signals, can be shut out by the same
means as we use for shutting out other signals; that is,
by tuning. But the disturbing waves which have the
same wave length as our signal and are in all respects
of the same nature, pass through our tuning system
like the signal. We must therefore find some basis for
diserimination other than wave length.

If we can construct a receiver which is sensitive only
to waves coming from one direction, then we can shut
out waves from all other directions, even if they have
the same wave length. This idea started us on the
work of directive reception. Theoretically, there is no
limit to the improvement attainable in this direction.
We might build a receiving antenna focussad on one
transmitting station in Europe, but such receiving
antenna would cover a very large area.

A complete theoretical analysis of the wave antenna
has been given in a recent paperread this year before the
A. I. E. E. by Messrs. Beverage, Rice and Kellogg.
For those who wish only to understand the character-
istics of our modern receiving system, in order to make
use of it, the following popular explanation may be
of some guidance.

Imagine the antenna to be a long, narrow lake, and
that the wind is the incoming signal, and further that
a cork, floating on the waves of water that beat against
the shore is the detector. If the observer stands at
one end of the lake, he will observe waves beating
against his shore only when the wind blows lengthwise
to the lake and from the end opposite to this location.
When, on the other hand, the wind blows from his end
of the lake, the beating waves appear at the opposite
end, while his shore is calm. This, at least, would be
the case if the lake has smooth sand beaches on which
the waves could spend their energy without reflection.
But, if the lake ends have steep rocky shores, the water
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waves will be reflected back and forth and thereby
make the surface of the whole lake rough. The waves,
which indicate the “signal wind,” would thus appear
at both ends of the lake, regardless of the longitudinal
direction of the wind. This reflection must be avoided.
The wave antenna is therefore made with ends corres-
ponding to the sandy beach. The antenna terminates
in a resistance which is carefully adjusted to absorb
all wave energy and reflect none. The practical
advantages of the use of the wave antenna are the
elimination of about 90 per cent of the extraneous
disturbances known as static.

A valuable practical feature of the form in which the
wave antenna has been developed is the method of
reflecting the signal so that the “‘surge resistance” which
absorbs the static can be located in the receiving build-
ing. This is accomplished by erecting a two-wire line
and making the same two wires function both as an
antenna and as a transmission line for radio frequency
waves. The two wires in parallel act as the antenna.
At the far end of the line they are connected together
through the primary winding of a special transformer.
One end of the secondary of this transformer isconnected
to the middle point of the primary winding; the other
end in connected to ground. The secondary winding
feeds the current back into the two wires in series as
a transmission line and a second transformer at the front
end of the line couples the transmission line to the
receiving set. The midpoint of the transformer winding
connected to the lines is grounded through the “surge
resistance.”” By this connection, the windings on the
two halves of the transformer are opposed for currents
flowing over the two wires in parallel, that is, for the
antenna effect, and produce no effect upon the receiver.

The resultant reception characteristic curve shows
that reception residuals of static of a few per cent may
occur in certain directions in the back area of the dia-
gram. The residuals are practically negligible in most
cases, but when there is very strong interference or
strong sharply directional static in their general
direction, an appreciable improvement may be obtained
by balancing the residuals to absolute zero for some
particular direction in the back area. This is illus-
trated by Fig. 8.

The final balancing of static and interference is
accomplished by the use of an artificial line. This
line is fed by currents coming from only the same direc-
tion as the undesirable residuals. The phase of these
currents may be made anything desired with respect
to the phase of the residuals in the secondary of the
transformer to which the surge resistance is connected.
By making the intensity of the voltage on the artificial
line the same as the residual voltage intensity, and by
making the phase displacement 180 degrees, the residual
currents are readily balanced for any particular direc-
tion in the back area.

With this antenna system, extremely satisfactory
multiplex reception is being carried out at Riverhead.
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Six sets of receiving equipment are normally coupled
to this one antenna system, and the signals on six
transoceanic circuits are separated by tuning, and copied
simultaneously, each independent of the electrical
operation of the other sets.

For this purpose, the antenna output transformer is
built with several secondaries and the artificial lines are
made up to accommodate a number of receiver sets.
Many precautions are necessary in the design and
arrangement of the receiving equipment to eliminate
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cross talk and “beat note” interference between the
different sets. With this end in view, the equipment
for reception of long waves has been completely
remodelled.

k In the first place, all of the different elements in each
recelving set must be thoroughly shielded. The tuning
inductances are all balanced pairs of coils placed in an
inner shielding of copper to eliminate the losses in the
Iron casing of the outer shield. In spite of the shielding,
cross talk and beat note interference occurred until
suitable chokes and filters were placed in both the
positive filament and positive plate leads of all coupling
tubes, amplifiers, detectors, and oscillators.

The receiving apparatus is arranged in line, with the
antenna input panel at one end and the audio frequency
output panel at the other end. The Intervening units
are placed in correct sequence so that the signal currents
pass In progressive order along the line through all the
various units from input to output panel without
looping back over this same path.

The elements of a set are mounted on a sub-panel
which is placed in an iron box, the front door of which
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may be opened. All adjustments of tuning and filament
control which are likely to be made frequently on a set
tuned to a fixed wave length can readily be made with-
out opening the front door of the iron boxes because
such control handles are mounted on the outer doors
in such a manner as to engage with the controls on the
sub-panel when the iron door is closed.

These receivers are set up on racks holding three sets
per rack. Kach set is arranged as a complete unit on a
shell and the shelves are arranged in three tiers on the
racks. The Riverhead station is equipped with three
racks making space for the accommodation of nine
receiving sets.

Fig. 9 gives the general view of the receiving
equipment.

The signals received from the wave antenna are
strong; so usually a total of four stages of amplification
is sufficient to bring the intensity of normal European
signals up to a strength that is rather uncomfortahble
to the ear.

Since all the local long wave stations, except Marion,
are either behind or in the case of Rocky Point, at right
angles, to the direction from which the European signals
come, directive reception alone lowers the intensity of
the local stations so much that tuning can easily elimi-
nate their interference. Interference as strong for
Instance, as that from Marion, can be eliminated when
the wavelength differs by not less than 3 per cent. For

interference of considerably less intensity than that
from}Marion, as for instance, that from stations in
Europe, or from a local station, reduced by directive
reception, a 2 per cent difference in wavelength is
sufficient.

For wavelength difference of 2 per cent and less the
constancy of frequency of the transmitting station
becomes of very great importance. Extremely good
frequency regulation at the transmitting station will
allow the use of filter circuits by means of which inter-
ference on wavelengths differing less than 2 per cent
from that of the desired signal can be eliminated.

The receiving station at Riverhead, L. 1., is about
70 miles east of New York and the next phase of the
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problem was the automatic transfer of the radio signals
tothe central control officein New York City in order to
eliminate the double handling of traffic, the slowing up
of the circuit, and the other delays inseparable from the
older system. The requirements of this circuit were
studied and then the American Tel. & Tel. Co. was re-
quested to provide a suitable tone circuit from River-
head to our Broad Street office, New York City. For
a period of several months experiments were conducted
over this temporary line, during which it was demon-
strated that it was feasible to send these tone signals
over a 70-mile circuit without detriment to the read-
ability of the signals. Continuous commercial opera-
tion over a single tone circuit was started about July
1st, 1921. Subsequently additional tone circuits were
built for the commercial operation and control of
Riverhead station in this manner.

CENTRAL OPERATING RooM

The operating room at the city offices is the place
where the written message is converted to the dot and
dash of the Morse code. The continental code is used
in radio as in all other international telegraphic com-
munication. During the last few years a great change
has taken place in the transmission of the message.
Whereas formerly the manually operated telegraph
key was used almost universally for speeds of trans-
mission of 40 words per minute or less, this has been
entirely displaced by the machine transmitter. The
advantages of machine transmission over hand trans-
mission are (1) that the operator is required to work a
typewriter keyboard only and need not necessarily be a
skilled telegraphist, (2) that one operator can transmit
messages in this manner at rates up to 100 words per
minute, whereas the best that can be done by hand is
35 or 40 words per minute, (3) that all characters are
perfectly formed and do not vary with the different
operators, and (4) the machine is tireless and has no
lost time. The telegraphic manipulation is actually
accomplished by first punching the message on a paper
tape and subsequently passing the punched paper tape
through the mechanical transmitter which is an auto-
matically operated telegraph key.

The transmitter sends telegraph impulses over the
control wires between the city office and the transmit-
ting station and operates the relay system at that
station.

In order that a check can be kept on the performance
of the automatic transmitter, the control wires, and the
relay system of the transmitting station, a radio re-
celving set is provided at the city office which makes
audible or visible to the operator the actual signal
being transmitted into the ether. This receiver is a
very simple piece of apparatus, since the reception of
the signal from the nearby high power transmitter is not
at all difficult, although of course, as there are so many
transmitters operating in one locality with only small

wavelength separation, very efficient tuning equipment
must be provided.
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The reception of a message at the city office requires
a reversal of the above process. The signal as received
at the receiving station is in the form of audio frequency
current, the frequency of which is variable as desired,
these signal currents are transferred to the city office
by telephone wires. At the city office it is necessary
to further amplify the currents before they are intro-
duced into the telephone or the recorder. It is possible
to use aural reception at speeds up to 35 or 40 words per
minute. Better speeds can be secured at times by a
combination of aural and recorder reception. At
speeds over 40 words per minute tape reception must be
used exclusively. It is possible for some tape readers to
copy as fast as 60 words per minute but generally for
speeds over 40 words per minute; the work is divided
up among an increased number of operators; 40 to 70
words per minute two operators; 70 to 100 words per
minute three operators, and so forth. The development
of the tape recorder used for transoceanic radio recep-
tion was ably described in a paper presented to the
Inst. of Radio Engineers by J. Weinberger in 1921.

The electrical equipment of the operating room of a
city office, handling a large number of circuits, requires
careful planning. In the city office of the Radio
Corporation of America at 64 Broad Street, New York
City, there are at present in continuous operation,

6 transoceanic receivers

6 local Monitor receivers

6 automatic transmitters
and over 30 land wires. To these will soon be added a
number of new services.

Power supplies of different types are provided for
the various electrical and mechanical devices and
measures have been taken to prevent inductive inter-
ference effects between instruments.

WAVELENGTH DISTRIBUTION

The economical wavelength for communication over
a certain distance can be selected by the practical
rule that the economic range of a station for reliable
communication is about 500 to 1000 times the wave-
length. If too short a wave is selected the signals will
be weak in daytime and strong but variable at night.
This variation is most noticeable during the period
when darkness exists over the area between the com-
municating stations. In some parts of the world it
is possible to use short waves to advantage because
the absorption is comparatively lower than on long
waves and variations are unimportant but generally
speaking for distances over 3000 miles the reliability
of wavelengths of over 11,000 meters is so much greater
than that of shorter waves. lLong waves have there-
fore been wuniversally adopted for long distance
communication.

It can now be readily seen that since the ability to
receive distinet signals depends on the separation of
different frequencies there is a definite limit to the
number of “channels’”” of communication between
stations that can be set up.
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If the wavelengths between 11,000 and 22,000 meters
aredivided into 2 per cent bands there are 85 ‘“‘channels.”
If into 1 per cent bands, there are 70 “channels.”
Except to such extent as directional reception
will perntit the number of one way channels open for
such, long distance communication is limited to the
number of these bands.

If we suppose our plans to be based on the use of 1
per cent bands, it is evidently necessary first that each
transmitter shall cause no radiation outside of the 1
per cent band allotted to it and furthermore shall
maintain its actual radiation frequency exactly on the
center of such band; and second that each receiver
shall be capable of separation of currents from those
differing only 1 per cent in frequency. The above
requirements imposed upon thetransmitter have already
been proved practicable. But the realization of the
full possibilities of radio communication requires that
all transmitters of antiquated type which take undue
space in the ether be replaced.

There are, however, other difficulties that cannot be
so easily overcome. For instance while it is quite
possible for the receiving station to separate currents
of frequencies differing 1 per cent if the voltages in-
duced at the station at the different frequencies are
equal, 1t is not an easy matter to separate the currents
when the voltage induced in one case is 1000 times the
voltage induced in the other. This is the situation
where in the case of a transatlantic circuit the receiving
station in America receives from Europe on 15,000
meters and the transmitting station in America sends
to Europe at the same time on 15,150 meters. In such
cases, as described above, it is necessary to increase the
separation between frequencies to 3 per cent and in
order that such large separation may not be too numer-
ous a rule has been established by precedence and
informal agreement, that all the transmitters in one
locality shall transmit on wavelengths close together.
We have such a case in the concentration of American
transmitters between 16,000 and 17,500 meters. In
this band of wavelengths there are operating at present
the following stations:

15,900 Meters Tuckerton No. 1 Transmitter

16,300 Meters Kahuku No. 1 Transmitter

16,465 Meters Radio Central No. 1 Transmitter

16,700 Meters Tuckerton No. 2 Transmitter

16,975 Meters Kahuku No. 2 Transmitter

16,975 Meters Annapolis Compensating Wave Arc

17,145 Meters Annapolis Signalling Wave Arc

17,500 Meters Radio Central No. 2 Transmitter

It is planned to operate transmitters in Sweden,
Poland and Argentine in the near future on wavelengths
18,000 meters to 19,000.

The French Government station at Lyon operates
at 15,500 meters and there are a number of additional
European and American Transmitters operating be-
tween that wavelength and 11,000 meters, while other
Government and Commercial stations in France are at
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present operating at wavelengths from 19,000 to 22,000
meters.

The congestion of the ether is therefore not a mere
matter of looking into the future, but a real present
day problem. The necessity for traflic regulation is at
least enough to prevent reckless driving so to speak, is
Just as apparent as the undesirability of hidebound
regulations until such time as the limit of possible
improvements in technique have been more definitely
determined.

Such is the present situation in the long distance
The congestion is due to the necessity
for the use of the longer waves for long distance work
and the fact that all high-power stations are broadecast
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stations; much improvement is possible in existing
practise but radically new methods of operation must
also be considered, such for example as directional
radiation on shorter waves. With the realization of
such possibilities the situation will take on a new
aspect.

ProOJECT OF NEW COMMUNICATIONS

Sufficient statistics are now available by means of
which the technical and financial possibilities of new
crcuits of communication can be accurately pre-
determined.

Fig.10 shows the daily, monthly and yearly reception
curves for a typical transatlantic circuit. The ordinates
of these curves show the capacity of the circuit at the
different times of the day and year respectively. By
the capacity of the circuit we mean the practically
possible speed of reception in five-letter code words per
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minute. The capacity of the circuit is a function of
the strength of the signal and the intensity of the
disturbance. The intensity of the signal is measured
in absolute units of microvolts per meter.

Experience has shown that under any given condition
of atmospheric disturbance, there is a direct proportion-
ality between the strength of the signal measured in
microvolts per meter and the traffic capacity of the
circuit measured in words per minute. The propor-
tionality defined above is almost exact between the
limits of oral reception ranging from 5 to 40 words per
minute and it can be considered as substantially correct
up to the highest speeds that are used. This simple
relation between strength of signal and words per
minute has given us a practical method of measuring
the intensity of atmospheric disturbances.

As an actual standard method of measurement an
artificial signal is introduced into the receiving system
and regulated so that the capacity of the receiver is 20

words per minute. The number of microvolts per
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meter which must be introduced to permit reception at
20 words per minute is thus a direct measure of the
intensity of disturbance.

Fig. 11 shows a typical daily curve of variation of
signal strength and disturbance, measured on a simple
vertical antenna.

If a transmitting station is to be designed for a new
geographic location, measurements of disturbances are
taken in that location. The resuits of these measure-
ments, which may be taken over a large part of a year,
show what strength of signal will be needed during the
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different months of the year to carry a desired traffic.
Fig. 12 shows a typical chart of this kind. Comparison
between this chart and the known typical yearly chart
for a transatlantic circuit gives a direct indication of
the capacity of the new circuit in terms of the circuit
in operation. The chart for the projected circuit
shows the capacity of a 50,000-meter ampere and of a
100,000-meter ampere transmitting station.
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Curve A — Typical East-West circuit.
Curve B — Typical North-South circuit.
Curve C — Typical North-South circuit.

Calculated for 100,000 M. A.
Calculated for 50,000 M. A.

Thus it can be stated that guess work has been
eliminated from the development of radio communica-
tion, and that sound foundations, both technically and
financially, can be laid for all future expansions of our
system.

IMPURITIES IN STORAGE BATTERY
ELECTROLYTES

The importance of obtaining information concerning
the action of impurities in storage battery electrolytes
arises from the detrimental effects which many of them
produce on the operating characteristics and life of the
storage battery. Such information is necessary as a
basis for the preparation of specifications covering
sulphuric acid for use in batteries. A new method of
measuring the rate of sulphation of storage battery
plates was recently devised at the Bureau of Standards.
The same method and apparatus have been employed
in the present investigation with some modifications,
and the effects of small amounts of iron, manganese,
platinum, and copper have been determined. It was
found that the presence of 1 part in 10,000,000 of plati-
num in the electrolyte increases the local action at the
negative plates 50 per cent; the effect of copper is
much less, while the effect of iron is of unusual interest
because of its accelerating action at the negative plates.
Manganese deposits upon the positive plates in the form
ol manganese dioxide which covers the active material,
closes the pores, and causes a large amount of charging
current to be wasted as gas. Work is being extended
to include the effect of other impurities.




Desirable l)uplicalion and Sa:feguarding in the Electrical
E(luipment of a Gemzruling Station
BY WILLIAM F. SIMS

Associate, A. I. E. E.
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Review of the Subject.—The question of how SJar to go with
duplication of equipment and the installafion of safeguards is one
that plays an vmportant part in ceniral station design. The extent
lo which these provisions are made has an important bearing on the
cost of installation and has a dircet influence upon the dependabilily
of the service rendered. Slations on larger interconnecied systems
require a grealer degree of prolection of (his nalure than is usually

N order to provide against serious interruptions to
service, adequate safeguards must be provided in
the installation of electrical equipment in genera-

ting stations. Also, (o permit equipmentto be taken out
of service for inspection and repair without interfering
with the continuity of the service, certain portions of the
apparatus and connections must be duplicated. To
what extent duplication should be carried is one of the
important questions that concern central station desi gn.

The importance and the character of the service
given have a direct bearing on this question, and in
stations of large metropolitan systems it is of course
necessary to provide against interruptions to a much
greater extent than would be the case in smaller and
less important stations. In determining how far these
provisions should be carried, the probability of trouble
and the value of the added safeguards and extra appara-
tus required must be carefully balanced against the
greater cost of installation and the increased complica-
tions that may be involved in the design. Simplicity
of operation should always be striven for.

Experience in the design and operation of large sta-
tions shows that certain features of this nature are of
the greatest importance. The arrangement of busses
1s one of these and it requires most careful consideration.
The bus layout should provide for two sets of main
busses, preferably connected through reactors with pro-
vision for connecting any generator to either bus and
each bus sectionalized so that trouble may be isolated;
or else it should be a ring bus system with sections
connected through reactors. In either case the installa-
tion of reactors of the requisite value to limit the short-
circult current in any section to an amount within the
safe rupturing capacity of the switching equipment is
essential to safe operation.

The 1solated phase arrangement of the busses in the
switch house, which eliminates the danger of phase-to-
phase short circuits within the station, together with
generator neutral resistances of such value as to limit
the current to ground to a reasonable amount, affords
a high degree of safety. In stations of large capacity
this arrangement is particularly desirable.

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

the case in slations on small systems on account of the tmporlance
of the service as well as the more serious resulls of short circuil ;
due Lo the greater concentration of energy.

This article discusses the more important considerations to be
laken into account and poinls out that local condilions will have

deter mining influence on lhe decision inade.
* * * * * *

In addition to the foregoing, an amount of duplication
of bus construction sufficient to enable any part of the
installation to be disconnected from the system for
inspection or repair, without interfering with service,
is necessary. Grouping of lines on separate line busses,
which may, as a unit be connected to either of two
main busses, is an effective form of duplication that is
commonly used. With parallel lines to the same sub-
station connected to different line busses, a very flexible
arrangement may be secured without unduly increasing
the number of switches.

The installation of current-limiting reactors on all
outgoing lines is now recognized as necessary to reduce
the effects of short circuits due to cable breakdowns.
A further safeguard, in addition to an adequate system
of relays on the lines themselves, is the installation of
relays with a long time setting on the group switches
between the main busses and the line busses.

All practical precautions should be taken to prevent
any interruption to the supply of energy to the control
system. The use of a storage battery of ample capacity
with duplicate charging sets gives a high degree of
reliability and freedom from interruption. The con-
trol system should be well sectionalized to permit the
necessary testing and the isolation of any portion that
has developed a ground or other trouble. Important
parts of this system should be duplicated and throw
over switches provided. Particular care should be
given to its design and installation, and it should be so
installed that it will be able to withstand a test of at
least 1500 volts to ground.

As the reliability of the excitation system is one of
the most important conditions required, duplication of
supply and thorough safeguarding of the system are
necessary. If shaft-driven exciters are used, some form
of reserve excitation, with throw-over switches to it
should be provided. This reserve may be a separate
exciter, a battery, or both. As shaft driven exciters
are usually designed with an extra factor of safety,
both mechanical and electrical, the comparatively high
additional investment in reserve excitation storage
battery may not be warranted. In such cases, it is the
practise to connect the operating bus battery so that it
may, in emergency, be used for excitation. When this
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is done, the battery should be of sufficient capacity to
carry the load of the control system and the excitation
of the largest generator in the station without exceed-
ing its normal one-hour discharge rate. If the excita-
tion is obtained from separately driven exciters, a total
capacity of exciters sufficient for supplying the excita-
tion of all units, with one spare exciter will be required.
Duplicate exciter busses are necessary with this system
to insure adequate reliability.

Temperature detectors imbedded in the generator
windings, with suitable indicating and recording instru-
ments are a very important safeguard. The number
of these to be installed in a generator should include
extra detectors for use in case any of the others become
open-circuited.

The installation of duplicate synchroscopes is ex-
tremely desirable, as it is necessary to be able to syn-
chronize at any time.

Of particular importance is the safeguarding of the
auxiliaries, which are now so largely electrically driven,
as the operation of the main units is absolutely depend-
ent upon the continuous service of certain of these
auxiliaries. Any reasonable amount of duplication
and safeguarding required to obtain this condition is
not only justified, but necessary. Reliability of the
source of supply is the first requisite, but the same
degree of “‘standard practise’” hasnotasyetbeenreached
in the installation of the auxiliary power system as
has been the case in other parts of station design. A
house generator, which is not affected by system trouble,
would afford a high degree of reliability of supply. If
connected in parallel with transformers fed from the
station bus, with a dependable method of automatically
throwing the essential auxiliary motors to either source,
in the event of trouble on the other, the chance of
failure of supply is reduced to a minimum.

If a house generator is not used, it is necessary to de-
pend upon supply from the station busses through
transformers. In addition to the number of trans-
formers necessary to carry the station auxiliary load,
an additional transformer of each voltage should
be installed, ready for immediate use in the event of
a burn-out of any of the others. In order to minimize
the effect of system trouble, a method of connecting
the source of supply for the auxiliary transformers to
each of the main busses, with reactors between each
bus and the point of connection, has been used. The
effect of trouble on either bus section is then less liable
to lower the voltage of the auxiliary power system to
a value that would seriously affect the operation of the
motors. A system of relays designed to disconnect the
auxiliary systems from the bus section that may be
in trouble is an essential feature of this scheme.

Duplication and sectionalizing of auxiliary power
busses, with throw-over switches in the motor services,
or emergency services to which the motors could be
connected when trouble occurs on this part of the

SIMS: CENTRAL STATION DESIGN

705

auxiliary system, would insure reasonable reliability
of service.

In conclusion, the degree.of refinement to which
duplication and safeguarding should be carried, depends
to some extent upon the circumstances existing in
each individual case. The features which have been
discussed should all be taken into account and modi-
fied as may be necessary to meet local conditions.

TO ELECTRIFY RURAL AMERICA

There are about two thirds as many farms in the
United States today as there are wired residences. Less
than 10 per cent of these farms are now electrically
lighted.

The lighting of these homes is, of course, intimately
connected with the supply of electricity to the farms
either by small home lighting plants or by the extension
of central station service. The conveniences of central
station service has raised a rather insistent demand for
it on the part of the farms within possible reach of it
and in many sections farmers have refused to purchase
small plants in the hope that within a few years they
may be able to obtain central station service. Some
central stations have found themselves under consider-
able pressure to extend their lines beyond the point
where, because of the relatively small use made of
electricity on each farm and the expense involved in
extending lines for great distances, service can now be
rendered economically.

If the farms would, in addition to its use for lighting
and the operation of home appliances, employ electric
power to replace that now produced manually, and by
gas engine, horses, and windmills, the central stations
could economically extend their service lines to cover
a much greater territory than what is now warranted
and this would, of course, immediately open up a
considerable field for the extension of lighting service.

A joint committee, representing the National Electric
Light Association, the American Farm Bureau Federa-
tion, the American Society of Agricultural Engineers,
and the U. S. Department of Agriculture, has been
recently organized to study the extent to which elec-
tricity may profitably be employed in agriculture. It
held its first meeting in Chicago, March 8, 1923, and
outlined the four following investigations and activities
to be undertaken under its general supervision:

1. Farm Power Survey.

2. Survey of Central Station and Isolated Plant
Service to Farmers.

3. Survey of Agricultural Uses of Electricity in
Foreign Countries.

4. Experimental and Research Work on the Uses
of Electricity in Agriculture.

As a result of the investigation of this committee, a
general movement to extend central station service to
all farms within a large territory surrounding the
present electrified areas may eventually take place.
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Review of the Subject. High-Voltage insulation tesling has
been and is usually still done by alternating voltages.

Hagh direct voltage was made available for testing purposes by the
development of the kenotron tube. When used for lesting insulation
direct vollage has several advantages over alternating voltage. (1)
the power necessary is often much less with direct voltage than with
alternating voltage. In apparatus of high electrostatic capacity,
suck as long high-voltage cables, the size of the alternating-voltage
testing transformer becomes e.ccessive, thousands of kilovolt-am peres
being necessary. Dairect vollages are therefore preferable as they
necessitate only a few kilowatts. (2) Excess direct vollage is less
likely to permanently damage the insulation than excess alternating
voltage. (3) If direct voltage is used conduclivily tesls can be made
and the action of the material on the application of the voltage more
thoroughly studied.

As the use of high direct voltage for testing purposes is SJound to be
tncreasing, it is tmportant to delermine ihe relation belween the
insulation stress produced by direct and that produced by alternating
voltages.

Litile is definitely known of what is called the “‘dielectric strength
ralio of insulation” which is the ratio of the direct disruplive vollage
lo the crest value of the alternating disruptive voltage. In general,
this ratio might be expecled to be unity. While such is the case with
air some engineers haye clatmed, however, that some solid tnsulalions
stand a higher direct than alternating vollage.

Therefore, a very extensive set of investigations was made, with
direct and with allernating voltages, on liquid and solid insulations
of homogeneous and non-homogeneous structure, over a range of
lemperature, thickness and rale of wvoltage application. Their
dielectric strength ratios were determined and are given and discussed
in the paper.

It was found that the dielectric strength ratio may be greater than
unity, and somelimes very much so, that s, that the material may
stand higher and sometimes very much higher direct voltages than

S the operation of electrical apparatus and circuits
depends on their insulation, the maintenance and
test of insulation is of foremost Importance.

Insulation testing, even of direct-current apparatus,
is usually done by alternating voltage, since high alter-
nating voltages are easily obtained by the alternating-
current transformer.

Two serious disadvantages arose in the use of alter-
nating high potential testing: First, in apparatus of
considerable capacitance such as underground cables,
the charging current at the high test voltage is excessive,
requiring uneconomically largeand expensive transform-
ers. Second, in other apparatus, corona and other
dielectric losses incident to the abnormally high alter-
nating test voltage (of three and a half and more times
the normal operating voltage), may permanently
damage the insulation.

With the development of the kenotron vacuum tube
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allernating vollages, but also that the ratio with other materials may
be less than unity, that is, the material may stand higher alternating
than direct voltages.

Ratios less than unity were given by oils, petrolatum, powdered
glass, ele., that is, they stood kigher alternating than direct vollage,
though the difference rarely exceeded 10 per cent.

Ratios above unity were given by paper, cloth, solid glass and
mica, elc., indicaling a yreater strength for direct than for alternating
voltlages.

The dielectric strength ratio of some malerials, such as laminated
paper, was found to vary with the condition and in yeneral increase
with decreasing temperature, decreasing thickness and increasing
rapidity of vollage application.

Some materials, such as petrolatum impregnated cable paper,
gave a very high ratio, some times exceeding lwo, while the component
materials did not diflfer much from unity, pelrolatuin heing a litile
below and air-dry paper a litile above unily.

1t is believed that the observation of the dielectric strength ratio
and its changes with the condition of test, will give us a powerful tool
Jor the investigation of insulation » and assist in solving the problem
of understanding the mechanism of the breakdown of insulation in
an electric field.

CONTENTS

Iz General. (1000 w.)
I1. Methods of Tests and Apparatus.
I1I. Results of Tests.

(575 w.)

(A) Oil, Petrolatum and Cable Paper. (700 w.)
(a) Oil Its Dielectric-Slrength Ratio. (250 w.)
(b) Petrolatum — Its Dielectrjc-Strength Ratio. (250 w.)
(¢) Dry Unimpregnated Cable Paper — Its Dielectric-
Strength Ratio. (500 w.)
(d) Cable Paper Impregnated with Petrolatum. (500 w.)
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Dieleccric-Streugul-Ralio of Mica in Several Forms. (200 w)
l)ielecmc-Screngch-Racio of Glass and Paraflin. (250 w.)
(C) Varnished Cambric and Paraflined Paper. (750 w.)

as rectifier, high direct voltages became available. As
there is no permanent charging current with direct
voltage, a kenotron rectifier of a few kw. capacity could
replace a testing transformer of many hundred kw.
In the absence of the intensive corona and the high
dielectric losses incident to an alternating field, damage
of apparatus by the high testing voltage was less to be
feared with direct voltage testing.

At first it was expected that the striking distance
with direct voltage would be equal to that of the maxi-
mum value of the alternating voltage, and tests made
with air as dielectric corroborated this. However,
engineers familiar with high-voltage, direct-current
transmission claimed that apparatus could stand
materially higher direct voltages than alternating
voltages. When high direct voltages became more
avallable, tests made with them showed that some solid
insulation, such as that of cables, stand a higher direct
voltage than alternating voltage, and it was hoped then
that a constant ratio between the disruptive strength
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of direct and of alternating voltage could be found, by
which the one could be expressed in terms of equality
with the other. A series of tests made abroad on cables
gave 2.5 as the average ratio between the direct voltage
and the (effective or root-mean-square) alternating
voltage which has the same disruptive effect.

Further tests made by various engineers here and
abroad gave inconsistent results and different ratios
between the disruptive effect of direct and alternating
voltage, so that now no fixed ratio between direct and
alternating voltage can be universally applied.

As the result of several years experimental investiga-
tion we have come to the conclusion, and expect to
show in the following, that:

1. The disruptive effect on insulation of a direct
voltage in general is different from that of an alternating
voltage of a peak value equal to the direct voltage.

2. The puncture or disruptive effect of the alterna-
ting voltage (peak value) may begreater,and sometimes
very much greater, than that of the direct voltage of
equal value, but it may also be less. That is, the ratio:
“Direct voltage divided by the peak value of the alter-
nating voltage which gives the same disruptive effect”,
which we may call “dielectric-strength ratio”, varies
from values less than unity, when the direct voltage
stress is more severe, to values much above unity, when
the alternating voltage stress is more severe.

3. In air, the dielectric-strength-ratio is probably
unity.

4. 1In solid insulation, the dielectric-strength ratio
depends on the mechanical, physical, and thermal con-
ditions of the material, and in general, seems to tend
towards unity, the more homogeneous the material is.

5. In one and the same material, the dielectric-
strength-ratio may vary considerably with temperature,
thickness, rate of voltage application, etec.

6. In general, it seems that the mechanism of failure
of insulation under high alternating voltage stress is
materially different in some features from that under
high direct voltage stress, and no universal and constant
dielectrie-strength-ratio can therefore be expected, but
dependent on the feature which dominates in the failure
different values must result.

The dielectric-strength ratio has been defined in the
previous literature in two ways, either as the ratio:
Direct. voltage divided by effective or root-mean-square
value of alternating voltage (in which case air would
have the ratio v/2 = 1.41) or otherwise the ratio: Di-
rect voltage divided by the peak value of alternating
voltage, which gives to air the convenient ratio 1. We
use herein, and recommend for general acceptance, the
latter definition, as more rational. It gives the value 1
to air, and in general the values tend toward 1, and it
gives the value 1, if the nature of the alternating voltage
puncture is the same as that of the direct voltage punc-
ture, since a direct voltage and an alternating voltage
with the same peak value, should be equivalent.

Although the values given in the following tables are
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the averages and abstracted from thousands of 1ndi-
vidual tests, made under the greatest possible precau-
tions, so that the experimental errors are small, they
are not so consistent as to draw final conclusions from
single recorded values (though these values usually are
averages of 10 or 25 tests), and the conclusions are
drawn from the general trend of groups of individual
values. The reason for variations in results is the
inherently erratic nature of disruptive tests. Dielectric
tests made with air can be duplicated within two to
three per cent, but in liquids like oil erratic variations
occur between successive tests made with all precau-
tions, amounting to 20 per cent to 30 per cent and more.!
In solid insulation, the phenomenon of dielectric dis-
ruption apparently is still more complex, and the
individual test results therefore are still more erratic,
so that acceptable conclusions can be drawn only from
the comparison of the averages of very numerous tests.

The results of this investigation seem inevitably to
lead to the conclusion that the dielectric rupture under
high-voltage stressis a far more complex phenomenon
than is usually assumed. Puncture is not due to a
mere effect of electrostatic stress, or a mere heating
effect, or any specific deterioration effect, etc., but it
results from a number of different effects combined in
different degrees. While it is somewhat disappointing
no universal “dielectric strength ratio” can be deter-
mined, which is applicable to all conditions and all
apparatus, we believe that dielectric-strength-ratios
can be derived for definite classes of insulation under
definite operating condicions, and that the determina-
tion and study of the dielectric strength-ratio will give
us an additional and powerful tool in the study of in-
sulation failure and its causes.

Methods of Tests and Apparatus

The principal source of high, direct voltage used in
the tests was the kenotron. This is a two-element
vacuum tube containing a filament cathode supported
within a cylindrical plate as anode. The filament is
kept incandescent by means of either a transformer or a
storage battery. In operation the kenotron acts simply
as a unidirectional conductor, passing through only the
half waves of one polarity. Fig. 1 shows some of the
principal circuits used for kenotron rectification. (a)
is the simplest connection. In this the kenotron is in
series with the supply transformer and a condenser
storing the rectified voltage. This gives a direct cur-
rent, every second half cycle the vacuum becomes
conducting. The principal advantage of such a con-
nection is its simplicity, and if the load is small com-
pared with the condenser capacity, the voltage is quite
steady. Diagram (b) shows the bridge type of connec-
tion. This has the advantage of passing through both
half waves in such a way that they produce.the same

1. ‘““T’hree Thousand Tests on the Dielectric Strength of Oil,”
by Hayden and ddy, presented before Convention of A. I. E. L.
at Niagara Ialls, June 26-30, 1922.
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polarity on the receiving cireuit. Diagram (c) shows
the full wave or douple half wave type which has the
principal advantage of requiring an alternating voltage
source of only approximately one-third of the direct
voltage. The purpose of the condenser is to smooth
out the pulsations of the direct voltage. It is readily
seen that the half wave connection (a) requires more
capacitance than a full wave connection either (b) or
(¢). The capacitance required for satisfactory smooth-
ing is dependent on the load. In testing long cables no
capacitance additional to that of the cable is required.
But laboratory tests on short lengths of cable or other
test pieces of low electrostatic capacity necessitate the
use of the condensers shown above. On account of the
small direct current conducted by any type of insulation
the voltage fluctuation of such a rectifier can be reduced

(a)

(b)

=

Fia. 1—KenotroN REcTIFIER CONNECTIONS

below 2 per cent without the necessary condensers
becoming large.

Both the alternating and the direct-voltage data
were taken on the same transformer. The direct
voltage was obtained by means of the full-wave keno-
tron connection (c) Fig. 1 described above, using
sufficient capacitance in parallel with the sample to
reduce the ripples in the voltage wave to less than 2
per cent under the conditions of tests. In taking all
spark voltage values special attention was given to the
rate of Increasing the voltage, keeping this rate as
nearly the same as possible at the value noted in.the
data.

The various types of insulation were tested in various
forms and shapes and with various electrodes but care
was always taken to have no sharp corners or edges on
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the electrodes. All voltage readings were taken on the
low side of the supply transformer and the high-tension
voltage, whether alternating or direct, was obtained
from a calibration curve which had been made against
a sphere gap in parallel with the sample or an equivalent
load. All direct-voltage data below 3000 volis wer

taken on a special direct-current generator with field
control, the voltage being read by an indicating volt-
meter in series with multiplying resistance. Whenever
possible both alternating and direct voltage punctures
were taken on the same sample of insulation. For
instance, if the sheet of insulation under test was large
enough for 10 puncture tests, 5 would be taken on
alternating and 5 on direct voltage. At no time were
more than 5 punctures taken on alternating voltage
without then taking an equal number on direct voltage
or vice versa so as to give the closest possible compari-
son. Each value, given in the tabulations helow,
usually is the average of 10 to 25 tests. Practically all
of the tests were repeated at different times by different
operators and under different experimental conditions.

Results of Tests
A. OiL, PETROLATUM AND CABLE PAPER

A series of tests were made on the materials entering
the insulation of high-potential cables, such as petro-
latum and cable paper, and the results of these tests are
given in Table I. In the same table are also given the
results with transil oil No. 6, as of similar character to
petrolatum but far more fluid. Oil and petrolatum
were tested between 2.54 em. spheres, but cable paper
was tested between 5 ecm. plates. The alternating
voltage values are the maximum of the voltage wave.

The table gives the tested materials: Transil oil No.
6 alone, petrolatum alone, manila paper of 0.2 mm.
thickness in air dry condition alone, and the same paper
impregnated with petrolatum. The table also gives the
length of the gap between the spheres for oil and petro-
latum, and the number of layers of cable paper used.
Then it gives the approximate rate of voltage increase
In per-cent-per-second of the puncture voltage. Then
follow the values of direct voltage in kilovolts, and of
alternating voltage, peak values for the four tempera-
tures 25 deg., 50 deg., 75 deg. and 100 deg. cent., and
finally in the four last columns the values of the “‘di-
electric-strength ratio” derived by dividing the direct
voltage by the alternating voltage. As seen, values
are given for three rates of increase in terms of the
puncture voltage as follows: 20 per cent, 5 per cent and
0.1 per cent rise of this voltage per second. Each of the
numerical values given in Table I is the average of a
minimum of 10 to 25 observations, but in many cases
as many as a hundred repetitions were made.

a. Oil—1Its Drielectric-Strength  Ratio. The table
shows incidentally that the dielectric strength of
oil, with direct voltage as well as with alternating
voltage, decreases somewhat with Increasing tempera-
ture, but not to any great extent.
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TABLE 1
OlL, PETROLATUM AND CABLE PAPER .
|Rate of |
volt- . - i
‘ Lengthiage rise Direct voltage kv Alternating voltage kv. ‘ Dielectric-strength-ratio
| of gap |per cent| 5 =i .
Material l Klectrodes mm. |per sec.i25 deg.l 50 deg. | 75 deg. |100 deg.| 25 deg. | 50 deg. | 75 deg. |100 deg \ 25 deg. | 50 deg. | 75 deg. 1100 deg.
i 1 = | | } 1 |
|| | | g ; | _
Transil oil No. 6i 2.54 cm. 2 5 1 30.5 28.8 27.6 19.9 32.9 27.2 27.0 25.3 | 0.927 | 1.059 l.OZ% (0./8?)
| spheres 4 ‘ 5 \ 45.8 37.5 36.2 34.0 53.0 45.0 40.4 37.7 0.864 | 0.833 | 0.894 | 0.902
| 2 | 2 20.7 | 20.5 25.4 19.5 0.815 1.051 |
4 2 l 36.7 37.0 49.0 | 42.9 | ( .755) 0.862 |
| | . .
Petrolatum | 2.54cm. i 2 5 . 15.1 15.6 17.8 15.1 15.9 22.7 18.4 15.9 l 0.950 |( .687)| 0.967 ‘ 0.950
spheres 4 5 l 27.6 34.8 28.2 28.9 l 35.9 29.6 i 0.955 | 0.969 | 0.953
| )
- | i I [ | |
No. of‘ \ | i | l
layers I I ! l ! % 1 ‘
4 20 | 4.3 3.4 3.6 3.2 2.4 & 2.5 2.3 2.2 1.790 ! 1.360 I 1.5065 | 1.445
8 | 20 9.0 8.4 Tl 7.0 7.0 | 6.6 55 | 5.5 1.286 | 1.273 | 1.400 | 1.273
16 20 17.3| 12.8 | 12.7 13.1 | 16.1 | 12.0 | 11.6 i 9.7 | 1.075 ‘ 1.067 | 1.095 |(1.34q)
I 32 l 20 33.1 26.6 24.5 26.5 30.5 28 .0 28.0 28.0 l 1.085 | 0.950 | 0.875 | 0 946
1 1. 1. {
4 53 i 5.4 4.84 5.47 4.4 4.19 : 4.15 4.25 4.33 1 1.290 | 1.176 ! 1.287 ] 1.016
Cable Paper 0.2| 5cm. 8 5 7.6 7.5 | 8.7 9.0 7.39 7.32 8.97 8.72 | 1.028 | 1.025 ’ 0.969 1.03:2
mm. thick air| plates 16 | 5 | 14.0| 13.0 15.2 15.2 | 12.8 12.9 13.6 15.3 1.094 | 1.078 | 1.117 | 0.993
dry | 32 | s ! 22.5} 13.1 15.3 20.3 18.7 13.2 15.6 20.7 1.203 | 0.992 | 0.981 | 0.981
| | } | -
4 l 0.1 I 5.3 4.7 4.5 4.0 4.5 4.1 4.2 40 |1.178 ( 1.147 | 1.072 | 1.000
s | 01| 92 o4 7.8 | 8.3 | 8.8 7.8 7.8 7.8 | 1.045 l 1.205 | 1.000 | 1.064
16 | 0.1 l 15.5I 13.6 | 12.7 13.5 ! 16.3 14.7 14.0 14.3 | 0.951 | 0.925 | 0.907 | 0.9:14
32 | 0.1 i 27.51 25.5 l 24.3 ‘ 22.5 31.5 29.7 28.9 28.3 : 0.873 l 0.858 | 0.841 | 0.774
1 |20 | 7.4 ! ' 3.0 ! | | 2.470 | | '
2 20 18.3 19.0 15.0 l 15.1 [ 6.6 10.6 8.7 | 7.8 I 2.775 | 1.793 | 1.725 ‘ 1.940
4 | 20 | 31.0 41.5 | 39.3 | 29.5 ] 15.8 | 25.3 24.6 20. 1.960 I 1.635 | 1.605 | 1.453
Cable Paper 0.2 5cm. { = | i | l i
mm. thick, im-| plates 1 5 9.4 80 | 6.7 | 7.5 7.0 6.5 5.6 6.5 1.343 | 1.232 I 1.197 1.154
pregnated with 2 | A5 36.0 22.8 17.7 | 22. ! 18.2 | 15.9 14.3 13.6 I 1.980 { 1.435 | 1.238 | 1.650
petrolatum - | | | -] —| - = = = =) G e
1 0.1 5.0 | | 3.2 | 1.565 |
2 0.1 | 16.2| 14.4 | 13.8 14.7 l 7.0 | 7.3 8.0 8.5 |2.314|1.975 | 1.725 | 1.735
4 0.1 | 29.5 36.5 ' 34.0 25.7 15.5 20.3 21.7 | 20._5 1.90_0__1_.7795 1.570_1.253_

As would be expected from the erratic behavior of
oil, discussed in a previous paper, the values of the
dielectrie-strength ratio of the oil, given in the last four
columns, differ from each other more than any possible
error of observation. However, in general the data
show fairly conclusively a dielectric-strength ratio
somewhat below unity,—specifically a general average
of R = 0.923. In other words, this ratio of 92 per cent
indicates that oil has a greater duelectric strength under
alternating than under direct voltage, by about 8 per cent.

A Comparison of Ratios at Different Temperatures.
The combined averages of all the ratios at 25 deg. and
50 deg. cent. is B = 0.900; but the combined averages
of all the ratios at 75 deg. and 100 deg. cent. is E =
0.947. This change shows that the dielectric-strength
ratio increases with increasing temperature or, as we
may say, becomes more normal at higher temperatures
by approaching closer to the value of unity.

Ratros at Different Gap-Lengths. The average ratio
for the short oil gap is R = 0.975; the average ratio for
the long gap is 0.871. This difference shows con-
clusively that the dielectric-strength ratio of oil seems
to become more abnormal, that is, differs more from
unity, with increasing length of oil gap. This con-
clusion, however, requires further corroboration.

Ratvos as Affected by Rate of Increase of Voltage. For
the slower rate increase of voltage, 2 per cent per

second, the ratio averages R = 0.909; for the faster rate
of 5 per cent per second it averages R = 0.929. The
conclusions drawn from this small change of 2 per cent
also require further corroboration.

b. Petrolatum—1Its Dielectric-Strength Ratio. Petro-
latum is’ stated to be an amorphous hydrocarbon,
essentially of the paraffin series. At room temperature
it has the consistency of vaseline, and as a closely re-
lated hydrocarbon it shows the same general character-
istics as transil oil.

As seen from the table, the dielectric strength of
petrolatum, under direct or alternating voltage, does
not appreciably change with the temperature, between
25 deg. and 100 deg. cent., nor is there appreciable
change in the dielectric-strength ratio.

The averages of the dielectric-strength ratio, taken
from the table:

At: 25 deg. 75 deg.
R 0.952 0.968
Thus the ratio is essentially constant.

Again as regards variation in gap-length:

At:  2mm. 4mm. length of gap between spheres:
R 0.956 0.959 respectively, which is also
essentially constant over this small range of gap.

The average of all values of dielectric-strength ratio
for petrolatum is: 2 = 0.957. Therefrom it is evident
petrolatum shares with oil the characteristic that its

100 deg. cent.
0.952
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dielectric strength is less for direct voltage than for
alternating voltage, but the difference is not so great.

If the abnormal behavior of oil were due to differences
in the mechanical motion produced in the ingredients
of its unhomogeneous structure by the continuous
dielectric field, the resultant concentration of the weaker
ingredients might account for 1ts lesser strength under
the continuous direct voltage than under the alternating
voltage stress, and the far more viscous petrolatum
would show still less the effect of any movement and
concentration—-as is, in fact, the case.

¢. Dry Unimpregnated Cable Paper—1Its Dielectric
Strength Raiio. Incidentally tests with direct and
alternating voltage show no definite difference in effect
on the dielectric strength of cable paper, within the
range of temperature, and rate of voltage rise used in
the tests. But there is a very pronounced effect on the
dielectric-strength ratio, as seen from the three sets
of values in the last four columns of the table which
tabulate 48 results, each the average of a number of
tests. Ratios are given for the three general factors
viz., for temperatures from 25 deg. cent. to 100 deg.,
cent., for thickness from 4 to 32 layers of 0.2 mm. paper,
and for rates of voltage rise from 0.1 of 1 per cent per
second to 20 per cent per second. Although individual
values may fall somewhat out of line, there is a very
pronounced grouping of the results. The highest
values of dielectric-strength ratio occur at the lowest
temperature, at the lowest thickness and at the high-
est rate of voltage rise (shown in the table at the top
left-hand corner). Onthe contrary, the lowest values of
the ratio occur at the highest temperature, the thickest
insulation, and the slowest rate of voltage rise (shown
at the bottom right-hand corner). It is interesting to
note that with dry paper, unlike oil, the ratio extends
to both sides of unity. There are some values materi-
ally above 1, and there are also values below 1.

To get the general trend of variation of the ratio,
with each separate feature, we average all the values
for the same temperature, or for the same thickness,
or for the same rate of voltage rise, and thus get the
effect of one variable, segregated from the effect of
the others. This grouping of data gives the results
recorded below.

Temperature, Thickness, and Rate Data for Dry

Unimpregnated Cable Paper.
Temperature: 25deg. 50deg. 75deg. 100 deg.
Averageratio: R = 1.158 1.088 1.092 1.057
There is a consistent decrease of ratio with Increasing

temperature.
Thickness: 4 8 16 32 layers
Averageratio: R = 1.277 1.133 1.027 0.947

There is a consistent decrease of ratio with Increasing
thickness, from values considerably above 1 to values
below 1.

Rate of volt-

age rise: 20 per cent 5 per cent 0.1 of 1 per cent per sec.
Average ratio:
R = 1.231 1.079 0.987
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There is a consistent decrease of ratio with decreasing
rate of voltage application, down to values below unity.

The total average of all the values of the dielectric.
strength ratio of cable paper is slightly ahbove unity:
R = 1.100. In other words, dry cable paper shows a
slightly lesser dielectric strength for alternating than
for direct voltage. Conversely stated, unimpregnated
paper requires, on an average, a 10 per cent higher
direct voltage than the peak alternating voliage, to
puncture the same thickness of paper under otherwise
identical conditions.

Since a laminated structure, consisting of a number
ol layers of unimpregnated cable paper, thus shows also
a small deviation from the normal dielectric-strength
ratio but opposite to that of either oil or petrolatum, it
is of interest to consider the combination of both that
1s, cable paper impregnated with the insulating hydro-
carbon.

d. Cable Paper Impregnated with Petrolatum. If
untreated cable paper (with a dielectrie-strength ratio
slightly above unity, viz: 1.100) is impregnated with
petrolatum (which alone has a ratio slightly below
unity—0.957) we might expect as a result of the com-
bination of the two a ratio close to unity. On the
contrary, the tests of impregnated paper show consist-
ently very high ratios,—much higher indeed than dry
paper,—and give an average ratio R = 1.773.

This result is very startling and its significance on
insulation strength and failure is still far from being
understood. The phenomenon of extra high ratio has,
however, been checked and corroborated with data on
several other materials of similar character.

Significant also is another factor- -the enormous
increase of dielectric strength, due simply to impregna-
tion of the paper.

To get the general trend of the variation of the
dielectric-strength ratio with the three controllable
variables, namely temperature, thickness, and rate of
voltage application, the tabulated data are again
grouped for the purpose of comparison.

Temperature, Thickness, and Rate Data for Cable
Paper Impregnated with Petrolatum.

Temperature: 25deg. 50deg. 75deg. 100 deg.
Averageratio: R = 2.038 1.644 1.510 1.531
Thus the ratio consistently decreases with increasing

temperature.
Thiekness: 2 4 layers
Average ratio: I = 1.857 1.646

Thus the ratio decreases with Increasing thickness
Rate of volt-

age rise: 20 per cent 5 per cent 0.1 of 1 per eent per sec.
Average
ratio: i = 1.861 1.576 1.783

Thus the general trend is apparently that the ratio
decreases with increasing slowness of voltage applica-
tion, although the slowest rate shows a partial recovery.

This last group of data illustrates the difficulty of the
investigation of the action of solid Insulating material
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and emphasizes the complexity and limited knowledge
of the phenomena occurring in insulating materials
under electric stress. Thevalues averaged in the middle
figure (1.576 at 5 per cent rate) were taken some weeks
before the other two sets of tests, and while apparently
the same materials were used and treated in the same
manner and the general trend of variation is the same,
a considerable difference occurs in the numerical values.

It is interesting to note that the ratio of direct
voltage to peak alternating voltage of petrolatum-
impregnated cable-paper, R = 1.773, in the comparison
of direct voltage with the root-mean-square value
results in the ratio—~/ 2 (R = 1.773) = 2.501. This
value is the same as has been proposed as the results
of extensive tests made abroad on cables.

B. MicAa AND GLASS

Table II gives data on some inorganic insulation,
such as mica and its compositions, and also glass. The

TABLE II
MICA, GLASS AND PARAFFIN

Gap | Dielec.
Elec- | length | No. of | Alter- | str’gth
Material trodes cm. layers | Direct | nating | ratio
kv. per mm.
Clear Mica, 0.12 to! 100.5 l 98.0 1.025
0.18 mm. thick. ...
Pasted Mica, 0.32 to| 60.5 48.6 1.245
0.35mm. thick. Kv. i kv.
I
Mica Tape on Brass 2 |14.05| 855 |1.64
Tube 4 34.9 21.9 1.59
8 | 70.7 | 45.1 | 1.57
Mica Tape without 2 12.7 7.3 1.74
sticking compound. 4 21.5 | 12.7 1.69
8 i 66 .4 | 27.5 (2.42)
Mica Tape with stick-| 2 | 245 | 9.6 | 255
ing compound 4 48 .1 | 20.2 2.38
e |
| diam. | kv. per mm.
| | i
Glass Tubing 0.7 to| 2.54 | 68.0 46.3 1.469
0.85 mm. thick | cm !
| kv. | kv.
Powdered Glass. . . . 2.54 1.90 37 | 44.5 0.832
cm. | 2.54 | 51.9 | 53.8 | 0.965
spheres |
Powdered Glass made| 2.54 | 0.63 ' 56.8 | 61.6 0.922
into paste with No. 6| cm. 0.95 71.2 | 73.8 0.965
transil oil .....| spheres|
|
) | | |
' | kv. per mm. |
Cast Paraffin 0.9 to
2.2 mm. thick .. 16.8 1.036

17 .4

table gives the name of the material, the data on sizes
of electrodes, and either the gap length or number of
layers; there are also the voltages of the tests using
either direct or alternating voltage, and their ratio—
that is to say, the dielectric-strength ratio of these
materials. Here, as in the preceding table, each
numerical value is the average of a number of tests—
usually 10 or 25. TFor some of the materials, such as
clear and pasted mica, glass, etc., the dielectric strength
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is given in kilovolts per mm. so as to compare the
averages of the different tests made with slightly
different thicknesses of material.

The Dielectric-Strength Ratio of Mica in Several Forms.
Clear mica gives a dielectric-strength ratio very little
above unity, that is, in pure mica the dielectric strength
is practically the same for alternating as for direct volt-
age. Possibly this low value of ratio indicates very
low dielectric losses. Built-up or ‘pasted” mica
however aiready shows a materially lesser strength for
alternating than for direct voltage, a ratio of 1.245.
Mica tape shows still much higher ratios, and mica tape
put together with some organic sticker shows very high

values. A comparison is made in the following
averages:
CleariIViCan sy v's « s oh = v = il a ratio of 1.025
Pasted Mica......... ......%“ “« « 1.245
Mica Tape. ... ....... ..... @ &« 1.646
Mica Tape held by a sticker. ¢« « 246

Therefore the combination of two different materials
in a laminated structure, here as in the preceding section
A of impregnated paper, seems to raise the ratio. The
ratio increases with the increase in the difference be-
tween the materials.

Apparently there is also a slight decrease of ratio with
increasing thickness of the insulation, such as observed
in the preceding studies.

The Dielectric-Strength-Ratio of Glass and Paraffin.
Glass was tested, in the form of thin walled glass tubes,
with mercury as inner electrode and tinfoil as outer
electrode. Somewhat against expectation, glass, as
the average of a number of tests, gave a high ratio —
1.469; that is to say, glass is dielectrically much stronger
againstdirect than againstalternating voltage. Whether
or not this high ratio indicates a lack of homogeneity
of the structure of the glass — as a colloidal solution —
we cannot yet judge.

The glass of the tubes was powdered and the pow-
dered glass in air was tested between 2.54 cm. spheres.
Next, the powdered glass was mixed with No. 6 transil
oil to form a paste, and this paste tested between 2.54
cm. spheres. Both the glass powder with the spaces
between the particles filled with air, and that with the
spaces filled with oil, show a dielectric-strength ratio
slightly below unity (total average 0.921). That is,
glass in solid form has a much greater dielectric strength
for direct than for alternating voltage; as powder,
however, its dielectric strength is less for direct than
for alternating voltage. The explanation of this differ-
ence is still unknown.

In the same table have been added the averages of a
number of tests made on thin cast disks of paraffin.
They show a ratio close to unity, slightly above 1.
1.036. This result seems reasonable.

C. VARNISHED CAMBRIC AND PARAFFINED PAPER

Table III gives data on two kinds of insulating cloth
black and yellow varnished cambrie, and cable paper
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TABLE III

Rate of]

| volt- |

lage rise|
No. of |per cent|—

Direct voltage kv.

VARNISHED CAMBRIC AND PARAFFINED PAPER

Alternating voltage kv. Dielectric-strength-ratio

| Electrodes

Materials | layers {per sec.| 25 deg. ! 50 deg. I 75 deg. 1100 deg.| 25 deg. | 50 deg. | 75 deg. |100 deg. 25 deg. | 50 deg. | 75 deg. (100 dey.
— —— | ] — —— | — e | — — — -~
Black varnished 5 cm. 1 I 5 | 21.8 18.1 16.0 | 14.5 I 17 .4 15.9 15 6 14.7 1,253 | . 138 1.026 1.014
cambric 0.3 plates 2 | | 40.2 l | [ 29.4 | 1.367
mm. (asphal- | ' |
tum base)
1 5 ! 11.9 | 14.2 13.2 | 12.0 11.1 12.6 11.5 11.7 | 1.072 1.127 1.148 1.02¢
2 | 5 19.3 I 23.8 21.0 19.2 17.3 | 22.4 222 | 19.4 1.116 1.062 1.054 | 0.990
4 I 5 | 31.3 43.1 39.4 | 30.8 l 26.6 41.1 32.4 28 .6 1.177 1.049 1.215 1.077
Yellow var- | | ! | — " VI
nished cam.| 1 ‘ 5 19.4 20.1 | 14.0 9.5 4 5.0 9.2 10.2 1.347 1.340 1.525 | 0.932
0.2 mm. | 2 5 | 85.7 | 36.0 27.6 21.8 | 27.6 27 .1 22.7 22 .0 1.293 1.329 1.216 | 0.990
(linseed oil base)| 4 5 | | 43.5 42.2 | 1.031
| 1 2 | 21.2 | 18.0 11.5 | 14 .4 13.9 | 9.8 1.472 1.295 | 1.173
| 2 2 38.8 31.7 22.5 24 .2 23.5 22.4 | 1.600 | 1.3R0 1.005
Cable Paper 0.2 1| s 20.1 | 14.0 | 1.437
mm, impreg-| 2 5 | 82.3 224 1.442
nated with par-| L
affin | | |

impregnated with paraffin. Cable paper impregnated
with paraffin gives in general the same characteristic as
cable paper impregnated with petrolatum, as might
be expected — that is, a high value of the ratio.

The data on both kinds of varnished cloth seem to
show a decrease of dielectric strength with Increasing
temperature, and also a decrease of the dielectric-
strength ratio with increasing temperature and possibly
also with increasing thickness. Thus, grouping the
average values as was done in previous cases, the re-
sults are as follows:

Temperature and Thickness Data for Yellow Varnished

Cloth.
Temperature; 25 deg. 50 deg. 75 deg. 100 deg. cent.
Average Ratio: R = 1.297 1.222 1.171 1.003
Thickness: 1 2 3 layers
Average Ratio: R = 1.231 1.193 1.080

The total average is R = 1.186.

The similarity of the change of the ratio in varnished
cloth, with that in impregnated paper, raises the ques-
tion whether it is not a general characteristic of com-
pound laminated structures, to have a high dielectric-
strength 1atio at low temperatures, low thicknesses,
and high rates of voltage rise, and conversely to have
this ratio decrease with increasing temperature, in-
creasing thickness and increasing slowness of voltage
application.

MODEL TO ILLUSTRATE THEORY OF
RELATIVITY

A device which directly conveys to the eye, the prin-
cipal statements and results of Einstein’s original
(restricted) theory of relativity has recently been
perfected by Prof. Karapetoff of Cornell University.
Since, according to this theory, time is a concept not
entirely different from that of space, the professor has
replaced time by distances in his model. Certain
parts are painted red to indicate the world as it appears

to an observer, say A. Other parts are painted blue to
characterize the same events as judged by another
observer, say B, who is moving with respect to A.
The event itself is painted in a third color, to indicate
that it is common to both observers. The model not
only illustrates the fundamentals of relativity, but also
permits to check quantitatively the theoretical state-
ments by actually measuring time intervals, distances,
velocities, ete.

In particular the model makes it possible to visualize
and to check the following: To a stationary observer
a moving length seems shorter and a moving clock
seems to run slow; velocities in the same direction are
not added arithmetically, but according to a more
complicated law; difficult optical phenomena, such as
the reflection from a moving mirror and the so-called
Doppler effect receive an elementary interpretation,
and the numerical values can be measured directly.

Speaking of this device, Prof. Karapetoff said: “Sim-

ilar representations of restricted relativity have been
used before, but always using orthogonal coordinates
for at least one observer. By using symmetrical ob-
lique coordinates for both observers, I have been able
to show a common event the way 1t appears to both,
without calling one observer stationary and the other
moving; this is then pure relativity. The same prin-
ciple can be extended to the motion in a plane, and I
am now designing a three-dimensional device to demon-
strate phenomena which happen in a plane (like the
aberration of light). I have also found a simple way
of representing the magnetic and the electric Intensi-
ties in a plane perpendicular to the direction of pro-
pagation of light, and their transmutation into each
other for the observers A and B. This ought to make
it possible to build still another model which will make
a study of the propagation of electromagnetic disturb-
ances in accordance with the theory of relativity much
simpler.”
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Review of the Subject.—This paper pointsoul the advantages,
both lo the maker and the customer, of national standard specifi-
cations for manufactured articles. The history of standardization
in England is outlined. British specifications for electrical instru-
ments appeared first in 1909, and in improved and enlarged form in
1919. French specifications were adopted in 1921, German in 1922.

The oulstanding fealures of the three foreign specificalions are
compared. The British go inte much detail concerning scale con-
struclion and marking, the French concerning definitions and
temperature rises. The German specificalions conlain very good,
definitions of instruments and thetr parls, principles, ete. They
prescribe severe tests for mechanical and thermal robustness, and
have an claborate scheme of symbols to indicale the grade, operaling
principle, kind of current, test vollage, elc.

An account is then given of the consideration which the subject
of instrument standardization has received in this country. The
National Meter Commillees have done a related piece of work by

having the Meter Code prepared and revised, and have made recom-
mendations to the makers from time to time concerning mallers of
instrument standardization. The Instruments and Measurements
Commiltiee of the Institule has considered the foreign specifications,
and has deter mined by a personal canvassthat a magjorily of American
makers are in favor of standardization. However, this canvass
also showed that most of them would have fell much freer to discuss
proposed standard specifications rather than the absiract question
as to whether specifications should be formulated. The I'nstruments
and Measurements Commillee therefore appoinled a subcommiillee
of four members to prepare such tentalive specifications, which are
given as an Appendiz {o the paper. The specifications omil some
important topics because the Subcommitlee wished to include at the
start only those an which general agrcement could be had without
difliculty.

The paper concludes with a discussion of some of the features of
the lenlative gpecifications.

INTRODUCTION

HILE the United States has led the world in

c(' applying the principles of interchangeability of

parts and of quantity production to its manu-
facturing processes, it has only recently begun to ap-
preciate the advantages of national standard specifi-
cations. The outbreak of war brought this question
forward in very unmistakable fashion, and there is good
reason to believe thatat no distant time the advantages
of “national uniformity of buying and selling require-
ments’”’ will be as much appreciated here as abroad.

The purposes to be served by such specifications may
be regarded from two standpoints. The manufacturer
is benefited because he can devote his energies to cer-
tain definite lines for which the demand can be confi-
dently anticipated. With the limitation of his output
largely to standard grades, ranges, and finishes, unit-
costs are decreased, demands can be more closely esti-
mated, raw materials can be bought in fewer kinds and
sizes and in larger quantities, and overhead costs are
reduced. If the national specifications under which
the maker works have attained a good standing abroad,
a further important advantage is securad, in that sur-
plus stocks are immediately available for export instead
of goods made up specially with the attendant increased
cost.

From the purchaser’s viewpoint, standard specifi-
cations are useful in selecting the most suitable ap-
paratus for given requirements, and in obviating the
necessity for individual study and the preparation of
independent specifications. It is only when the articles

1. Published by permission of the Director of the Bureau of
Standards.

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

bid on have been made under the same requirements as
to quality and performance that an intelligent selection
can be made from a number of bids. As an illustration
of the condition that is produced by lack of standard
requirements, we may cite current transformers. As
now made, these are classified by each manufacturer
in such general terms that a purchaser can readily pick
out the extreme grades, especially with the relative
prices as a guide. But it is not possible for him to
choose the best transformer from the offers of several
manufacturers, for the rating “50 volt-amperes, com-
pensated for 25 volt-amperes,” for example, does not
throw much light on the matter, in the absence of uni-
form practise as to permissible ratio and phase-angle
errors. The purchaser is compelled to fall back on his
impressions of the relative standing of the manufacturers
concerned.

Both manufacturer and purchaser lose in the absence
of national specifications, on account of which different
individual specifications necessarily arise. The diver-
sity of requirements that may thus arise increases
engineering and manufacturing costs and hence the
cost to the purchaser. A case in point is that of
Government specifications. The Navy Department,
which very properly buys its supplies on definite
specifications, is compelled to go to the expense of pre-
paring complete specifications for electrical instruments,
both for power-plant use and for radio purposes. If
American standard specifications were in existence, the
Navy Department could use them, with only a few
added clauses to take care of the special requirements
which exist only in naval work.

INSTRUMENT STANDARDIZATION ABROAD

The work of national standardization in Great
Britain began in 1901 when the Council of the Institu-
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tion of Civil [ngineers appointed a committee (o con-
sider the advisability of standardizing various kinds of
iron and steel sections. The cooperation of three other
British societies (Mechanical IXngineers, Iron and Steel
Institute, Naval Architects) was at once secured, and
the work of preparing specifications was begun. A
year after the formation of the “Kngineering Standards
Committee” it was suggested that the sub ject of electri-
cal machinery and apparatus be included in its scope,
and with the cooperation of the Institution of Electrical
Engineers this work was begun. That the results of
the labors of the Standards Committee have been ap-
preciated is shown by its growth from a single com-
mittee of seven members to a great organization, the
British Engineering Standards Association, consisting
of a Main Committee of 24 members. The Report of
the Association dated July 1, 1919, showed that 26
sectional committees appointed by the main committee
were functioning, and that they had appointed 78
subcommittees and 144 “panel committees,” making a
total of 249 committees with an aggregate membership
of over 1100. Another indication of the importance of
the work is found in the range of subjects for which
specifications have been prepared or are under way.
As given in reports of January 1, 1923 these included:

Civil Engineering and Building Trade . 25
Mechanical . . . . - EN, . 36
Electrical . . o o .76
Automotive (Aircraft and Automobile) . 164
Transport. .. .. ... . o 16
Ships and Their Machinery = . 42
Ferrous Metals. .. . . 10
Non-Ferrous Metals = . 46
Chemical, Including Chemical Engineering 14
General . .. . . 4

The first British Standard Specification for electrical
instruments was No. 49 on ammeters and voltmeters,
adopted in 1909, as the result of nearly two years of
work by a subcommittee. Shunts, resistors, and
instrument transformers were not included in this
specification.

In 1919 this specification was superseded by No. 89
on indicating ammeters, voltmeters, wattmeters, fre-
quency and power factor meters. At the same time
two other related specifications were issued; No. 81
on instrument transformers and No. 90 on recording
(graphic) ammeters, voltmeters, and wattmeters.
Specification No. 8) was a very distinet advance over
its forerunner, No. 49.

French standard specifications for electrical measur-
ing instruments, instrument transformers, and shunts
were prepared by a Technical Committee? with the
collaboration of representatives of the makers, the
Laboratoire Centrale d’Electricité, and a consulting
engineer (Mr. A. Iliovici) specializing in electrical

2. Of the “Chambre Syndicale des Constructeurs de gros
Matériel Electrique.”
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mstruments.  These specifications’ were adopted by
the Chambre on January 20, 1921.

German specifications for electrical instruments were
prepared by a committee of the Verbund Deutscher
Flektrotechniker. A proposed draft was published* in
Mareh, 1921, and was intended o becomne effective on
July 1, 1922, "This draft evoked criticisms and sug-
gestions which were used in preparing a considerably
revised one, which appeared® a year later. This re
vised draft was adopted by the Verband at its 1922
meeting, and is to go into effect on July 1, 1923,

German specifications for instrument transformer
were prepared by the Verband, and went into effect on
July 1, 1922.

It is of interest to compare the outstanding features
of these three national specifications. In general,
the British specifications are probably the most satis-
factory from the American viewpoint, though they
leave some important points untouched. They treat
with considerable detail the important question of scale
construction and marking. Three classes as regards
accuracy are provided, called Sub-standard, First
Grade, and Second Grade respectively. Insulation and
dielectric strength are carefully specified. Limits of
error are given for the three grades, and limiting values
of influences of operating conditions (temperature
changes, frequency changes, external magnetic fields,
ete.).

The French specifications open with an elaborate set
of definitions, which in the main are very good. Instru-
ments are classified first into two groups, Laboratory
and Industrial, the former including special or delicate
devices used either to measure very small magnitudes
or to measure ordinary magnitudes with high pre-
cision.” The second broad classification is denoted
Industrial Instruments, and is further divided into
Standard Instruments, Control® Instruments, Switch-
board Instruments, and Ordinary Instruments, of which
latter all that is said is “This group includes all measur-
ing instruments of which the essential quality is a low
price.” Requirements stated for the other classes
include accuracy, damping, mechanical robustness,
heating, and dielectric strength. The French specifi-
cations are the only ones which give a list of recom-

3. They were published in Revue Générale de U Electricité
vol. 9, pp. 119¢-134e, May 28, 1921.

4. Elekirotechnische Zeitschrift, vol. 42, p. 324, March 31
1921.

5. Elektrolechnische Zeitschrift, vol. 43, p. 290, March 2,
1922. Some minor corrections and changes were published in
the same journal, vol. 43, p. 1074, August 17, 1922,

6.  Elektrotechnische Zeilschrift, vol. 42, pp. 209, 836; Mar.
3, July 28, 1921.

7. Actually, the French specifications do not cover these

speeial laboratory devices, nor do either of the other national

specifications.
8. Thisis a literal translation; “‘working-standard”’ is perhaps
a better rendering.
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mended ampere ranges® for the current coils of instru-
ments.

The French specifications go into great detail in
regard to the permissible temperature rises of conduct-
ing materials and various kinds of insulating materials
in instruments.

The German specifications divide instruments as
follows:

Precision Instruments, first class

{4 “« second &«
first “
second “
They contain a very good set of definitions of instru-
ments and their parts, operating principles, ranges,
kinds of cases, etc. They introduce a concept not found
in either of the other specifications, namely, “minimum
creeping distance,” which is defined as the shortest
path along which current can flow over the surface of
an insulator between metal parts which have a difference
of potential between them.

In addition to prescribing limits of accuracy and for
the effects of temperature change, etc., the German
specifications are unique in specifying a maximum
distance of the pointer from the scale, and in requiring
switchboard voltmeters and ammeters to be capable of
carrying continuously a voltage or current 20 per cent
greater than full-scale value. When it is considered
that this overload means a heat loss in the instrument
44 per cent more than that caused by rated voltage or
current; that voltmeters are ordinarily installed to work
on about three-fourths of full-scale value; and that even
full-scale value on a switchboard ammeter usually
corresponds to an overload condition of the associated
apparatus, it seems that the German requirement will
involve some economic waste of materials in the con-
struction of instruments.

In addition to the stipulated accuracies of precision
instruments, the German specifications permit addi-
tional errors in the following cases:

For instruments having voltage circuits exceeding
250 volts, 0.1 per cent additional;

For instruments with interchangeable series resistors,
0.1 per cent additional;

For instruments with interchangeable shunts, 0.2
per cent additional.

Another outstanding feature of the German specifi-
cations i the extent to which they carry the use of sym-
bols to serve as concise statements of certain features.
In addition to the letters E, F', G, H denoting the four
classes above mentioned, symbols are provided for the
following kinds of current: d-c., a-c.; two-phase,
halanced three-phase, unbalanced three-phase, and
four-wire three-phase. Position symhols show that
instruments are for use in horizontal, vertical, or oblique
position. Another set of symbols denotes the kind of

Operating “

&« &«

( n .

9. 'The sume values are also recommended as the primary
ranges of curront transformers.  For voltage transformers a list
of recommended transformation ratios is given.
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mechanism (moving-iron, induction, etc.). This is a
desirable feature in instruments for general laboratory
work, because it assists the user to select the most
suitable instruments for such cases as unusual frequen-
cies, for example. The use of a black, brown, red, blue,
or green star denotes that the instrument is for a partic-
ular operating voltage, the black denoting ‘“‘not over
40 volts,” and the green ““901 to 1500 volts.”

The French and German specifications impose tests
for robustness, while the British specifications ignore
this important point. The French requirement of
“twice the current corresponding to full-scaledeflection,
applied suddenly and for a very short time” is virtually
a mild test of mechanical robustness only, because the
thermal inertia of current windings would make the
resulting rise of temperature very small. The German
requirement is much more severe, and may proverly be
called a test of mechanical and thermal robustness. It
specifies that the test current shall be 10 times that
corresponding to the maximum value of the range of
measurement, and that it shall be applied as follows:

9 impulses of 0.5 second in intervals of 1 minute each,
then

1 impulse of 5 seconds duration.

With this current, which generates heat in the wind-
ings at 100 times the normal rate, the instrument re-
ceives a severe mechanical test and a searching test for
any thermally weak spots.

The question of damping is variously handled. The
British specifications require the pointer to settle to a
definite indication “in a reasonable time,” and in an
appendix the “extreme limits of reasonable time’ are
given as follows:

Scale length in inches

Not over Time in seconds
45 2.5
7 3
12 5

The German requirement is more logical in that it
bases the time to come to rest on the length of the
pointer, and on the class of instrument, as follows:
Precision instruments, both classes, 3 + L /100 seconds,
Operating & first class, 3 + L/50 “

« “ second “ 4 4+ L/50 “
where L is the length of the pointer, measured in milli-
meters.

The French specifications characterize damping by
two quantities:

1. The ratio of the first swing to the steady deflec-
tion when the appropriate current is suddenly passed
through the instrument.

2. 'The time required for the pointer to come to rest,
under the same conditions.

Incidentally, for practical purposes the pointer is
assumed to come Lo rest when it i8 within 1 per cent of
the steady deflection.
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The British specifications require zero adjusters on
(spring-controlled) sub-standard and first-grade instru-
ments. The German specifications require them for
precision apparatus of both grades, and the Krench
make no mention of the matter.

C'ONSIDERATION IN THE U. S.

The Meter Committee of the Association of Edison
Illuminating Companies has used its influence to
encourage the standardization of watt-hour meters.
With the corresponding Committee of the National
Electrie Light Association, it inaugurated the prepara-
tion by Electrical Testing Laboratories of the Meter
Code, which has been of great service to the meter
industry.

Since the checking of watt-hour meters involves the
use of indicating instruments, it is only natural that the
national Meter Committees should at times make
recommendations concerning them. Among these the
following work of the N. K. L. A, Meter Committee and
Apparatus Committee may be noted:

Proposed Standardization System of Connections
for Instruments and Meters used with Current and
Voltage Transformers, 1913 and 1914 Reports.

Standardization of Shunts for Instruments and
Meters, 1914 and 1915 Reports.

Standardization of Design and Maintenance Method
for Instrument Transformers, 1916, 1917, and 1918
Reports.

Standardization of Meter and Instrument Design,
1921 and 1922 Reports.

Standardization of Instrument Transformers, 1922
Report.

The Instruments and Measurements Committee of
the Institute has a keen interest in all questions re-
lating to instrument standardization. At the request
of this committee, the writer presented a paper'® three
years ago, in which the British Specifications were
mentioned, with a table of required accuracies for
various kinds and classes of instruments. A little later
this committee took up the ‘question of instrument
terminology. A list of words relating to Instruments,
their operating principles, parts, functions, etc., was
drawn up, and the various divergencies and incon-
sistencies were discussed with the hope of establishing
a list of recommended terms which might eventually
supersede the imperfect terminology in use. While
some useful points were brought out in the discussion,
the committee felt that the standardization of the
terminology of instruments was a part of a larger job
and the matter was therefore held in abeyance.

In 1921 the proposed German specifications for
instruments and for instrument transformers were
published. In order to get these specifications in
convenient form for discussion, they were translated
into English. Copies of the translation were sent to

10. The Accuracy of Commercial Electrical Measurements.
Jour. A. 1. E. E,, vol. 39, p. 495, 1920.
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the members of the Instruments and Meuasurement
Committee and the Meter Committees of the N. I, L.
A. and the Kdison Association. The Instruments and
Measurements Committee appointed the writer us
subcommittee of one to canvass the sentiment of the
instrument manufacturers of this country as to the
necessity or desirability of American standard specifi.
cations covering their products.

Before this canvass was begun, the French specifi.
cations were translated, and copies were sent to Lhe
above-named committees. Copies of the French,
German, and British specifications were sent out early
in 1922 to the American manufacturers of electrical
instruments and accessories, and soon after the personal
canvass was begun. In all, twenty-one concerns were
visited. Some of them make a complete line of instru-
ments and accessories, while others make accessories
(for example, instrument transformers) as adjuncts to
other lines, such as watt-hour meters.

The results of the canvass showed that a majority of
the makers were in favor of standard specifications,
though some questioned the necessity or advisability
of their preparation at the time. Two important ideas,
however, came to the surface. The first was that
many of the manufacturers would have felt much freer
to express opinions if proposed American standard
specifications had been placed before them, instead of
only the abstract question as to the desirability of
formulating such specifications. The second was that
it would be entirely proper for the A. I. E. E. Instru-
ments and Measurements Committee to prepare such
specifications to serve as a basis for criticisms and
suggestions.

Following out this suggestion, Chairman Sawin of
the Instruments and Measurements Committee ap-
pointed a subcommittee for this purpose. The mem-
bership of this subcommittee included Mr. F. P. Cox
of the General Electric Co., Mr. G. L. Crosby of the
Roller-Smith Co., Mr. P. MacGahan of the Westing-
house Electric & Mfg. Co., and the writer, as chairman.
The three foreign specifications were carefully consid-
ered, and what appeared to be the best features of each
were woven into a preliminary draft. This was care-
fully revised by the subcommittee. The final draft,
as here given, was prepared in a joint session of the
subcommittee and the Instruments and Measurements
Committee.

The Instruments and Measurements Committee
authorized the writer to prepare a paper presenting the
tentative specifications, in order to get them before the
entire membership of the Institute. They are given
as an Appendix herewith. All makers and users of
electrical instruments are earnestly invited to send
written comments, and criticisms of the scope and sub-
ject matter of the specifications to the writer, care Bu-
reau of Standards, Washington, D. C., for the guidance
of the subcommittee in the further development of
these tentative specifications.
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It will be noted that a number of important topics
are not covered in these specifications, though they are
carefully treated in the foreign ones. This is not be-
cause the subcommittee considers these topics un-
important, but rather because it is felt best to begin
with things about which general agreement can easily
be reached. On the matter of accuracy of calibration,
for example, considerable difference of opinion exists.
Probably no customer would care to buy instruments
concerning which absolutely no statements or guaran-
tees of accuracy are given by the maker. However,
since undue importance is sometimes attached to high
accuracy, and because the accuracy of instruments in
service is so largely under the user’s control, it was felt
that for the present the specifications should leave it
to the maker and customer to agree on the accuracy re-
quired in each case. The same statement applies to
the permissible limits for the various influences of
operating conditions.

Some specific comments on other features of the ap-
pended specifications will now be given.

1-2. Kinds of Inmstruments Included. Under this
heading the German specifications limit current and
voltage capacities to 1000 amperes and 20,000 volts,
because “With larger values of current and voltage it
is difficult to keep within the preseribed limits of ac-
curacy, and the checking of the accuracy becomes
difficult.”

III-1. In defining the words “‘instrument” and
“indicator” the subcommittee followed the example of
the British specifications, but with an important differ-
ence in the definition of ‘“‘indicator”. There is no
question as to the need for the distinction between in-
strument and indicator, and the only argument against
taking this step was that early in the history of electric
lighting in this country the word ‘““indicator” was some-
times!' used to denote a device of low accuracy. It
was finally agreed that this usage was now practically
obsolete, and was therefore no bar to the use of the
word “indicator” in its new sense.

Attention is invited to the distinction between the
terms “‘series resistor’” and “multiplier”’. These terms
should not be confused.

III-4. Damping. For the present this term is
simply defined. Section 8302 of the Standards of the
Institute prescribes the method by which damping
shall be measured. Three quantities are to be ob-
served, as follows: The number of swings made by the
pointer in coming to rest; the time (in seconds) required
for the pointer to come to rest; the overshooting, in per
cent of the angular displacement due to the initial dis-
turbance.

I11-5, 6. Torque and Weight. For the present these
sections are limited to simple definitions of these quan-
tities and a statement of the units employed. In view

1'1. This was not the general practise, however, for the
device by which early Edison stations measured the voltage at
feeder-ends was known as the Howell indicator.
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of the extensive mention of the ratio of torque to weight
as a criterion of the degree of excellence of an instru-
ment as regards frictional error, it should be stated that
this time-honored criterion is now known to be incor-
rect save when the moving elements of the instruments
to be compared have equal weights. (Equality of
excellence of pivots and jewels is assumed). The use
of the simple ratio of torque to weight is based on the
incorrect assumption that the area of pivot in contact
with the jewel is independent of the weight, whereas it
must necessarily increase with the weight. By the
simple rule of torque to weight, certain small American
instruments having very light coils would be expected
to stick so badly as to be useless, whereas actually they
work very well. If we use the expression, torque di-
vided by weight to the nth power, and take for n a value
greater than unity and less than 2, more concordant
results will be obtained. A prominent German special-
ist'2 in electrical measuring instruments gives as a satis-
factory criterion, based on practical experience, the
quotient, torque divided by the 1.5-power of the weight.

IV-1. It is not felt opportune to make a subdivision
of instruments as to ‘“‘class’” or “grade”. A suggested
classification, which it was not thought advisable to
adopt at this time, was as follows:

1. As to use:

(a) Portable Instruments, Precision Grade

(b) “ “ Utility #
(¢) Switchboard ¢ High “
(d) “ “ Industrial “

It was also suggested that ‘‘laboratory-standard’ in-
struments form a third class (in addition to portable
and switchboard).

IV-2¢c. The adjective ‘“‘electrodynamic’ is advanced
for consideration as a logical substitute for the lengthy
term *‘electrodynamometer-type’’ and the abbreviated
(and not strictly correct) term “dynamometer”'®. The
French, Germans and Italians use the forms corres-
ponding to ‘“‘electrodynamic’ (électrodynamique, elek-
trodynamisch, elettrodinamico).

It should be emphasized that in drawing up these
specifications the effort has been made to maintain a
harmony of treatment and of substance with the Stand-
ards of the A. I. E. E. It should also be noted that
the present specifications are not put forward as a fin-
ished product. In their present form, however, it 1s
felt that they will be valuable for their intended use as
a tangible basis for discussion and as a nucleus about
which finished specifications may in due time be realized.
Such specifications should be prepared with the ap-
proval of the Institute, and in accordance with the

12. Dr. G. Keinath, of the Siemens & Halske A. G. of Berlin.
See his book “Die Technik der elektrischen Messgerate,” second
edition, pages 20-22.

13. The term “dynamometer’’ means ‘‘that which measures
force.”” A spring balance is a dynamometer, and some forms of
spring balance are called dynamometers.
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procedure of the American Fngineering Standards
Committee.
A ppendix
PROPOSED AMERICAN SPECIFICATIONS FOR ELECTRICAL
MEASURING INSTRUMENTS
OUTLINE

I.  Introduction

1. Ongin and Purpose

2. Kinds of Instruments Included
II. Standards

1. General

2. Units; Legal Standards

3. Reference Temperature

4. Standard Ambient Temperature
I11. Fundamental Definitions

1. Instruments and Their Parts

2. Rating

3. Scales

4. Damping

5. Torque

6. Weight

7. Error and Correction

8. Influences of Operating Conditions
(a) Temperature Influence
(b) Frequency “
(c¢) Voltage “
(d) External-Field ¢
(e) Power-Factor ¢
(f) Position @

IV. Classification
1 As to Use:

(a) Portable Instruments
(b) Switchboard «

2. As to Principle of Operation
(a) Dynamomieter (Electrodynamic)
(b) Permanent-Magnet Moving-Coil
(e) Moeving-Iron
(d) Induction
(e) Electrothermic
(f) Electrostatic

3. As to Kind of Protection by the Case:
(a) Dust-Proof
(b) Moisture-Proof
(¢) Rust-Resisting
(d) Water-Tight (submersible)

V. Requirements
1. Construction

2. Rating
3. Insulation Resistance and Dielectric
Strength

4. Scale and Pointer
5. External Shunts
6. Marking

I. INTRODUCTION

1. Origin and Purpose. These specifications were
prepared for the Instruments and Measurements Com-
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mittee of the American Tnstitute of Klectrical Kngineers
by a subcommittee appointed for the purpose. In
their present form they are intended to serve as a tangi-
ble basis for discussion on the part of makers, u \ers,
and laboratory men engaged in testing electrical meus-
uring instruments, in order to determine whether Ameri-
can standard specifications of this general nature would
be of advantage to all concerned, and if so, what changes
in and additions to these specifications are required to
make them suitable for the purpose.

The objects of these specifications are as follows:

1. To standardize the principal terms used in de-
seribing instruments and their parts, functions, opera-
ting prineiples, etc.

2. To promote a more complete understanding be-
tween the maker and the user concerning the essential
characteristics of instruments for definite applications.

3. To eliminate diversity of purchase specifications
for instruments for similar uses.

The limitations of the specifications may be stated as
follows:

1. They are of necessity limited to certain broad
classes of electrical instruments, and there will always
be special devices not falling entirely within their
scope. In many cases, however, the specifications' may
be used together with certain additions to cover the
special features.

2. They are subject to revision from time to time as
the art of instrument making advances, or as the re-
quirements of practise change. They are not intended
to restrict development or prevent Improvement, but
rather to guide progress along the most efficient lines.

3. They are not intended to cover the necessary
legal provisions of a contract, but only the technical
requirements of a purchaser in ordering or a maker in
bidding.

2. Kinds of Instruments Included. These specifica-
tions apply for the present to the following kinds of
indicating electrical instruments for direct current and
for alternating current:

Ammeters,

Voltmeters,

Wattmeters,

Frequency Meters,
Power-Factor and Phase Meters,
Reactive-Factor Meters.

These specifications are not intended to apply to
indicating instruments provided with arrangements for
curve drawing, contact making, ete. They do not apply
to the following kinds of instruments:,

(@) Small instruments of types and sizes which are
used where the requirements are not severe, and where
low cost is essential; for example, small polarized-vane
ammeters used on automobiles, battery-charging out-
fits, ete.

(b) Instruments constructed for very special re-
quirements.
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II. STANDARDS

1. General. Electrical measuring instruments shall
conform to such general requirements of the Standards
of the American Institute of Electrical Engineers as
shall be applicable to instruments, when such require-
ments are not definitely covered in the following
specifications.

2. Units, Legal Standards. The accuracies specified
by maker and purchaser are to be based on the legalized
international electrical units.

3. Reference Temperature. The standard tempera-
ture of reference for instrument characteristics shall be
20 deg. cent.

4. Standard Ambient Temperature. For purposes of
rating instruments, the standard ambient temperature
shall be 40 deg. cent. See definition of rating, p. 7

I1II. FUNDAMENTAL DEFINITIONS

1. Instrumenis and their Parts. An instrument is a
measuring device which indicates the present value of
the quantity under observation. The term “instru-
ment” includes the indicator (as defined below) to-
gether with any accessory apparatus such as shunts,
shunt leads, resistors, reactors, condensers, or instru-
ment transformers.!*

The mechanism is the arrangement for producing and
controlling the motion of the pointer. It includes all
the essential parts necessary to produce this result, but
does not include the base, cover, scale, or any parts,
such as series resistors or shunts, whose function is to
make the readings agree with the scale markings.

The moving element includes the pointer and the parts
which move with it.

The indicator is the mechanism and the scale, built
into the case, including any accessory devices (resistors,
shunts, ete.) which are built into the case or non-
removably attached to it.

Examples: An instrument (ammeter) for 500 am-
peres direct current consists of the indicator (which
may be thought of as essentially a millivoltmeter) to-
gether with a 500-ampere shunt and a pair of shunt
leads. Another instrument (wattmeter) consists of the
indicator (which is essentially a 5-ampere 110-volt
wattmeter) together with a current transformer and a
potential (voltage) transformer.

An instrument is said to he self-contained when all
accessory apparatus necessary to cause the scale read-
ing to correspond with the numerical value of the
quantity measured is enclosed within or permanently
attached to the indicator case.

The current circuil of an indicalor is that winding (or
other conducting path) of the indicator which carries
the current to be measured, or a definite fraction of it,
or a current dependent upon it.

The voltage circust of an indicator is that winding of
the indicator to which is applied the voltage to be

4. Tt is proposed to cover instrumont transformers by
separsto specifications.
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measured, or a definite fraction of it, or a voltage
dependent upon it.

The current circuit of an instrument is that winding (or
other conducting path) of the instrument which carries
the entire current to be measured.

The voltage circuit of an instrument is that winding of
the instrument to which the entire voltage to be meas-
ured is applied.

Example: An a-c. wattmeter for 1000 amperes, 6600
volts, consists of an indicator (which is essentially a 5-
ampere, 110-volt wattmeter with its scale marked to
read primary power) together with a current trans-
former of 1000: 5 amperes and a potential (voltage)
transformer of 6600:110 volts. The current circuit of
the indicator is its 5-ampere winding, and its voltage
circuit is its 110-volt winding. The current circuit of
the instrument is the 1000-ampere winding of the cur-
rent transformer, and the voltage circuit of the instru-
ment is the 6600-volt winding of the potential (voltage)
transformer.

A series resistor is a resistor forming part of the
voltage circuit of an indicator or an instrument.

A multiplier is a particular type of series resistor
which is used to extend the voltage range of an instru-
ment beyond some particular value for which the
instrument is already complete.

A shunt is a resistor connected in the circuit to be
measured and in parallel with the current circuit of an
indicator.

A reactor is a device used for the purpose of intro-
ducing reactance, and usually has a high time-constant.

Shunt leads are leads which connect the current circuit
of an indicator to the shunt.

2. Rating. The rating of an instrument is a designa-
tion assigned by the manufacturer to indicate its
operating limitations. The full-scale marking of an
instrument does not necessarily correspond to its rating.

3. Scales. The indication range is the range within
which the electrical quantity (current, voltage, power,
etc.) is to be indicated without reference to accuracy.

The measurement range is that part of the range of
indication within which the requirements for accuracy
are to be complied with.

The scale length is the length of the arc described by
the end of the pointer in moving from the zero position
to the end of the scale.

4. Damping. This is a term applied to instrument
performance to denote the manner and the rapidity
with which the pointer settles to its steady reading
after a change in the value of the measurement quantity.

5. Torque. The lorque of an instrument is defined
as the turning moment which is developed by its
mechanism when holding the pointer in the position of
full-scale deflection. Torque is to be expressed in
millimeter-grams, and should be accompanied by a
statement of the angle corresponding to full-scale
deflection.
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6. Weight. The weight of a moving system in-
cludes one-half the weight of the springs, ifany. [tisto
be expressed in grams.

7. Error and Correction. 'The error of indication
is the difference between the indication and the true
value of the quantity being measured. [t is the
quantity which must be algebraically subtracted from
the indication to get the true value. A positive error
denotes that the indication of the instrument is greater
than the true value.

The correction has the same numerical value as the
error of indication, but the opposite sign. It is the
quantity which must be algebraically added to the
indication to get the true value. If T, 1, E and C
represent respectively the true value, the indicated
value, the error, and the correction, the following
equations hold:

E=I1-T
C=T-1

Example: A voltmeter reads 112 volts when the
voltage applied to its terminals is actually 110 volts.
Then

Error = 112 — 110 = +2 volts
Correction = 110 — 112 = —2 volts.

8. Influences of Operating Conditions. (a) The
temperature influence is defined as the percentage change
in the indication which is caused solely by a difference
iIn room temperature of + 10 deg. cent. from the
reference temperature (20 deg. cent.)

(b) The frequency influence (in other than frequency
meters) 1s defined as the greatest percentage change in
the indication which is caused solely by a change of +
10 per cent from the rated frequency.

(¢) The voltage influence (in other than voltmeters)
is defined as the greatest percentage change in the indi-
cation which is caused solely by a change of + 10 per
cent from the rated voltage.

(d) The external-field influence is defined as the
percentage change in the indication which is caused
solely by an external field of an intensity of 5 gausses
produced by a current of the same kind and frequency
as that on which the instrument operates, with the
most unfavorable phase and position of the external
field.

(e) The power-factor influence (in wattmeters) is
defined as the percentage change of the indication
which is caused solely by the lowering of the power fac-
tor from unity to 0.50, current lagging, at the rated
voltage and frequency.

(f) The position influence, in other than gravity-
controlled instruments, is defined as the maximum
displacement of the pointer which is caused solely by
an inclination of 30 deg. in any direction from the nor-
mal position of use. It is to be expressed as a per-
centage of the scale length.
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IV. (CLASSIFICATION
Ilectrical instruments may be classified as follows:
L. Asto Use:
(a) Portable instrument
(b) Switchboard
2. As to Principle of Operation:
A.  Electromagnetic
(a) Dynamometer (Electrodynamic
(b) Permanent-Magnet Moving-Coil
(e) Moving-Iron
(1) Plunger
(2) Vane
(3) Repulsion
(d) Induection
B. Electrothermic
(a) Expansion
(b) Thermocouple
C. Electrostatic

NOTE: Instead of “permanent-magnet moving-coil”
the following terms were also suggested: “d’Arsonval;”
“fixed-field.” Instead of the principal heading A,
“Electromagnetic,” the term “electrodynamic” was
also suggested.

3. As to Kind of Protection:
(a) Dust-Proof
(b) Moisture-Proof
(¢) Rust-Resisting
(d) Water-Tight (Submersible)

The terms “portable” and “switchboard”’ are self-
defining. A third classification as to use Is suggested,
namely, “laboratory-standard.”

In dynamometer (electrodynamic) instruments one or
more coils move within the field produced by a fixed
coil or coils.

In permanent-magnet moving-cotl imstruments a coil
moves within the field of a permanent magnet.

In moving-iron instruments one or several pieces of
soft iron are caused to move by the magnetic field of a
fixed coil or coil system. Various forms of this instru-
ment (plunger, vane, repulsion) are distinguished
chiefly by mechanical features of construction.

In snduction instruments the torque is produced by
fixed coils acting upon moving conducting parts (disks,
drums, ete.) in which currents are produced by electro-
magnetic induction.

Electrothermic instruments depend for their operation
on the heating effect of a current. Two distinet types
are (1) the expansion type, including the “hot-wire”
and “hot-strip” instruments; (2) the thermocouple type,
where one or more thermocouples which are heated
directly or indirectly by the passage of a current supply
adirect current which flows through thecoil of a suitable
direct-current mechanism, such as one of the permanent-
magnet moving-coil type.

Electrostatic instruments depend for their operation on
the forces of attraction and repulsion between bodies
charged with electricity.
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A dust-proof instrument is provided with a case which
excludes dust from the mechanism.

A moisture-proof instrument is one in which moisture
is excluded from the mechanism, or which is so con-
structed that moisture will not damage the mechanism.

A rust-resisting instrument is one whose case and parts
are made of rust-resisting materials, or are specially
finished to resist the corrosive effects of moist air.

A water-tight (submersible) case withstands for one
hour complete immersion in a tank containing sufficient
water to cover all parts to a depth of at least three feet,
without any visible trace of penetration of water into
the interior.

V. REQUIREMENTS

1. Construction. The construction of electrical in-
struments shall be mechanically sound, suitable to their
class and purpose, and shall be such as to give assurance
of permanence in the accuracy of the indications. All
materials must be suitable for the purpose for which
they are used.

2. Rating. The rating of the circuits of an instru-
ment shall be equal to, or less than, the maximum
current or voltage to which they may be continuously
subjected without exceeding the permissible tempera-
ture rises. These rises are to be those specified for the
various classes of insulating materials by the Standards
of the A. I. E. E., and refer to the standard ambient
temperature of 40 deg. cent.

If the rating of an instrument differs from the full-
scale marking, the rating shall be marked on the
instrument.

Thelimiting observable temperature of shuntsshallnot
exceed 120 deg. cent. It shall be measured by mercury,
alcohol, or resistance thermometersor by thermocouples,
any one of these devices being applied to the hottest
accessible part of the shunt. FException. This rule
shall not apply to shunts having no soldered joint and
made of material which is not permanently changed in
resistivity if continuously subjected to a higher
temperature.

3. Insulation Resistunce and Dieleciric Strength.
Tests for insulation resistance and dielectric strength
shall be made on finished instruments.

The insulation resistance between all the electrical
circuits of an indicator connected together and the case
shall not bhe less than 20 megohms, as measured with a
d.c. test voltage of 500 volts. The insulation resistance
between the current circuit and the voltage circuit of an

indicator (where hoth exist) shall not be less than 5
megohms.

When indicators are specified to have one or more of
the circuits internally connected to the case, the neces-
sary exceptions to these requirements are allowed.

Drelectric strength tests shall be made with a wave
form which is nearly sinusoidal and of a frequency be-
tween the limits of 15 and 65 cycles. Tests shall be
made between all the electrical circuits of the device
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connected together and the case. Instruments having
a voltage circuit shall withstand for 60 seconds a test of
twice rated voltage plus 1000 volts. Instruments with-
out a voltage circust shall withstand for 60 seconds a test
of 1000 volts. These are effective (root-mean-square)
values.

4. Scale and Pointer. The preferred value of each
scale division should be either 1, 2, or 5 of the units
measured, or any decimal multiple or submultiple of
these numbers. In the case of multiple-range instru-
ments exceptions to this rule may be necessary, but
should be avoided where reasonably possible.

The angle subtended by a scale division shall preferably
not be less than 0.5 degree in portable instruments, or
1 degree in switchboard instruments. When smaller
angles are used, the legibility is decreased.

The numbers marked on the scale, except in the lower
part of non-uniform scales, shall preferably be by steps
of 1, 2, or 5, or a decimal multiple or submultiple of any
of these numbers. The figures shall be of such shape
as to minimize the risk of different figures being con-
fused with one another, and shall be so spaced as to
render individual numbers clearly distinguishable from
adjacent numbers.

In determining the influences of operating conditions
(a) to (e) inclusive, page 8, ammeters and volt-
meters should be tested with rated current or voltage
respectively. Wattmeters should be tested with rated
voltage and such a current (not exceeding the rated
current) as will give a suitable deflection, preferably not
less than that corresponding to one-half of the maximum
reading. Frequency meters (except in the test for
voltage influence) should be tested at rated voltage.
Power-factor meters and reactive-factor meters should
be tested with rated voltage and rated current, unity
power factor.

5. External Shunts. The main terminals of the
shunt shall be so constructed that slight variations in
the manner of connecting it in the circuit (such as might
oceur in an average workman-like installation) shall not
alter the indication of the instrument by more than
0.25 per cent.

The thermal electromotive force produced by continu-
ous operation of the shunt at rated current shall not
exceed the value which would cause a change in the
reading (at rated current) of 0.25 per cent. The con-
nections to the circuit should be made so that the op-
portunity for the escape of heat will be the same at
both terminals.

6. Marking. The indicator shall be distinctly
marked with the following particulars in such a way that
they will be visible from the front of the case: Name (or
symbol) of manufacturer; serial number; designation of
the quantity measured; the words ‘“‘direct-current” or
“alternating-current” or their abbreviations; the rated
current, vollage or frequency (or the ranges of these
quantities) or such of these as apply; the maximum
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current and voltage, in the case of wattmeters, power-
factor meters, and reactive-factor meters. Of these,
only the scale marking itself and the designation of the
quantity measured shall be conspicuous.

In the case of alternating-current instruments the
following additional items are required: Ratio of the
appropriate current transformer expressed thus: 1200:5
or 1200/5; ratio of the appropriate potential (voltage)
transformer expressed thus: 6600:110 or 6600/110.

The indicator of an ammeter having separate shunts
shall also be marked with the drop of the shunt with
which it is to be used, corresponding to full-scale
deflection.

Instruments having separate shunts or series resistors
should be marked to indicate this fact,

Separate shunts, if not interchangeable, shall be
marked as follows: Name (or symbol) of manufacturer;
serial number of the indicator with which it was calibra-
ted; the line current corresponding to full-scale deflec-
tion of the indicator; the rated current, if this is less
than the preceding, and the drop at rated current.
When the shunts are designed to be used with devices
taking sufficient current to be an appreciable proportion
of the whole, this fact shall be indicated.

Interchangeable separate shunts shall bear the above
markings, except that theserial number may be omitted.

HYDROELECTRIC DEVELOPMENT IN
SOUTHERN ITALY

Financing of the Societa per le Forze Idrauliche
della Sila and other hydroelectric companies in south-
ern Italy, recently arranged by the help of the Gov-
ernment with the Bank of Naples, Bank of Sicily, and
others, will provide funds to carry on the work of the
important water-power projects in the Sila Mountains
in Calabria. This is one of the most ambitious projects
undertaken in Italy in recent years.

As early as 1906 engineers made preliminary studies
of the hydroelectric possibilities in this district and the
present company was formed in 1908. Unfavorable
laws regarding water power and lack of funds held
up the work. Finally, in 1918, a new law was passed
which established more liberal terms in the handling
of water-power concessions, and in 1916, during the
war, a formal license was given the Societa per le
Forze'ldrauliche della Sila.

Construction work was finally begun in 1921, but the
undertaking presented such large requirements, and
necessitated so much preparatory work, such as the
building of roads, telephone lines, ete., that progress
has been slow. The limited financial resources of the
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company, as compared with the magnitude of the
project, also handicapped the company greatly, and
up to the present time little has been done heyond the
construetion of some roads and huildings, the sinking
of test borings at the sites, excavations for foundations
of the dams, and about 500 meters of tunnel work.

The plateau of the Sila, which includes an area of
more than 1000 square kilometers, is traversed by a
number of rivers, of which the most important are the
Neto, Arvo and Ampollino. Its maximum altitude at
Botte Donato is 1920 meters, from which it descends
gradually to a level of 1250 meters and then drops sud-
denly to the plain below, which extends from the foot
of the mountains to the coast. On this plateau arti-
ficial lakes will be created to impound the waters of the
rivers in question, and, with a usable head of over 1000
meters, it is estimated that more than 160,000 horse
power can be produced.

The total cost of the project is estimated at about
400,000,000 lire (1 lira = $0.047 at present exchange).
The Government will pay a subsidy of 40 lire per
horse power developed for 15 years, which, on the basis
of the estimate of 168,000 horse power to he developed,
would amount approximately to 100,000,000 lire.

MARKET FOR ADDITIONAL POWER

One of the problems to be faced will be that of find-
ing a market for the large amount of electric power
that will be made available, since the surrounding dis-
tricts are little developed and the present demand is
limited. Commenting on the development of the
Sila, a recent article, states that the actual needs of
Calabria do not exceed 20,000 horse power, while per-
haps 50,000 horse power can be placed in Puglie, where,
In addition to the use of electricity for lighting, there
1s also a demand for electric power from the local
industries and for use in connection with irrigation
works. It is probable that a part of the power de-
veloped may be carried across the Straits of Messina
into Sicily and northward into Campania, but there
seems no doubt that the production will exceed the
present ‘demand in the available markets. However,
industrial development invariably follows cheap power,
and there is reason to believe that when the power is
available the demand will grow to absorb it.

In addition to the generation of electric power, the
large volume of water that will be utilized will also be
available for irrigation purposes. It is believed that
15,000 hectares (about 40,000 acres) of land, now prac-
tically uncultivated, can be reclaimed by irrigation and
that a high degree of agricultural development can be
reached in the plain of Cotrone, whose soil is said to
be extremely fertile.—Committee Reports.




Selective Relay System of the 66,000-Volt Ring of the
Dugquesne Light Company

BY H. P. SLEEPER
Associate, A. L. E. E.
Protection Engineer, Duquesne Light Co., Pittsburgh, Pa.

Review of the Subject.—The selective relaying of a high-
vollage transmission system gives rise lo many inleresting problems.
This is particularly the case when the system is grounded through a
high resistance, as the amount of energy available on ground faults
is limited and the ground protection introduces a problem entirely
separate from that of the short-circuit protection of the system.

It is also interesting to nole that it i3 only in recent years that the
design of high-voltage large capacily control equipment has been
perfected lo surh a state as to place the proteclion of high-voltage
systems on a par with that of comparatively lower voltage systems.
The relay problems involved in the protection of low or high-voltage
systems are not materially different ezcept as affected by the equip-
ment available, or by the ever present problem of economics.

The system in question presented no unusul engineering [ealures
ezcept as presented by the problem of securing circuit breakers of the
required voltage and with sufficient capacily to rupture the large
blocks of power presented by shori-circuit conditions. This problem
was successfully solved by the manufacturer.

A ring system of duplicate [eeders lends ilself to various relay
schemes lo secure protection. A number of these schemes was
thoroughly investigated and a summary of the conclugions 1is.given,
showing the advantages and disadvantages of the schemes considered.
These studies showed the advisability of using the scheme of balanced
directional relays for short-circuil protection, and selective differen-
tial current relays for ground protection, on the 66,000-volt ring of
the Duquesne Light Company.

Before putling the relays into service on this system it was decided
to make a series of actual service tests on the lines. Accordingly a
series of dead grounds were put on the ring and the relays allowed to
function to clear the grounded section of line. The dead ground was
replaced by a simulated fallen line wire lying on the surface of the
ground. This was in turn replaced by a series of arcing grounds
accomplished by fusing over a suspension insulator to ground. A
total of 28 grounds were thrown on the 66,000-volt ring and success-
fully cleared by the relays. A descriplion of the lests and a summary -
of the results are given.

HE 66-kv. transmission system of the Duquesne
Light Company surrounds the City of Greater
Pittsburgh, enclosing an area of approximately
250 square miles, and supplying electric light and
power to an area of approximately 1000 square miles.
The ring is somewhat elliptical in shape, one end circle

being about twice the diameter of the other. The total
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circumference of the ring is about 80 miles, and there
is one radial tap of 11 miles length. The geographical
locations and lengths of the lines may be seen in
Fig. 1.

.The ring is made up of parallel lines and is section-
alized at seven points, two of which are generating
s'tations, the remaining five being step down substa-
tions. Power ia fed into the ring at two points which
are approximately diametrically opposite, being located
at the two end circles of the ellipse, namely at Colfax
a:nd Brunots Island. The number and arrangement of
lines in each section are shown in Iig. 2.

Prescided  al the Spring Convenlion of the A. I. B. E.,

Pittsbhurgh, Pa., April 24-26, 1023.

The standard section of line consists of seven strands
of No. 6 copper wire and has the characteristics of
4/0 copper wire. The lines are carried on steel lta-
ticed towers as shown in Fig. 3, each tower carrying two
three-phase circuits. The phase wires of each circuit
are hung vertically, the spacings being approximately
seven feet, eight feet, and fifteen feet respectively.

As previously stated the transmission ring is section-
alized at seven points. Since this sectionalizing in-
volved a heavy cost for switching equipment it was
very carefully considered before being decided upon.
The high capacity, 30,000 kv-a., of each circuit and the
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heavy investment involved led to the decision that
such sectionalizing was justified.

T'he greater part of the load carred on this system is
industrial motor and synchronous railways load.
Voltage disturbances in any event lead to unsatis-
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factory operation to such load and may cause complete The conditions imposed introduced certain problems
interruption. It was therefore decided, since most in the relaying as follows:

faillures on the 66 kv. system would undoubtedly be 1. On account of the high-resistance ground, relay-
grounds, that the neutral of the system should be ing must be provided which would trip out a line on
grounded through a high resistance to minimize dis- ground current less than full-load current.
turbance resulting from such failures. 2. On account of the heavy industrial motor and
synchronous railway load, faults must be eliminated in
a minimum time, thus barring out selective time
systems.

g . 3. Single line operation must be possible, preferably
: without additional relays over the number required
7 for parallel line operation.

i : 4. It must be possible to take care of future growth
4l by the addition of parallel lines between any existing
stations, or to add radial lines from any ring station,
or to introduce additional sectionalizing stations to
the present loop, without destroying the existing pro-
tection, either schematically or materially.

A study of all of the above factors showed con-
clusively that the general principle of balanced protec-
tion must be used. Such protection always possesses
the inherent advantage that it is absolutely unaffected
by conditions outside of its own section. This was a
fundamental requisite in the problem at hand, which
when viewed with the proper perspective, consisted
of the proper selective relaying of a basic system frame
work. The next problem presented was to choose

Fra. 3—TvyricaL 66 xv. LiNe TOWER

SCHEME NO.2
Balanced Reverse Power Protection
for Short Circuits and Watt Relay
Protection for Grounds

SCHEME NO.3
Balanced Reverse Power Protection
for Short Circuits and Balanced
Current Relay Protection for Grounds

SCHEME NO.1
Balanced Reverse Power Protection Only

SCHEME NO.4
Balanced Current Relays for both
Short Circuit and Ground Faults

Schematc Connections

Schematic Connections

Schematic Connections Schematic Cornections
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F16. 4—CoMPARISON OF SCHEMES OF BALANCED LiNE ProTECTION
ADVANTAGES ADVANTAGES ADVANTAGES ADVANTAGES
Simplicity of wiring and 1. Satisfied all conditions 1. Wiring and equipment Simple wiring and equip-
equipment for short-circuit pro- simple, only one set of ment.
2. Directional single-line tection for both paral- relays being required 2. Only one ground relay
protection afforded. lel and single-line for ground protection required for ground
3. No additional relays re- operation. of two parallel lines. protection of two paral-
quired for ground pro- 2. Small ground current Satisfies all short-zircuit lel lines.
tection. may be used which conditions, for both 3. Nopotential connections
4. Requires dead grounded ensures the elimina- parallel and single-line required.
neutral. © tion of voltage dis- operation. 4. Ground relays very posi-
turbances. 3. Small ground current tive in action.
required to operate
ground relays.
4. Ground relays very posi-
tivein action.
DISADVANTAGES DISADVANTAGES DISADVANTAGES DISADVANTAGES
1. Imposes severe voltage 1. Additional relays neces- 1. Ground protection is in- 1. Neither short circuit nor
unbalaace on line sary for ground pro- operative when ring ground protection is
which will effect syn- tection, at leqst one isopen. operative if ring is
chronous machines. per circuit being re- 2. Ground relays are non- open.
2. Severe damage may re- quired. . directional for single- 2. Single-line operation
sult as heavy ground 29 Wmnglscomplncated. line operation. is not directionally
current must pass to 3. [Extra grounding poten- selective.

operaterelays.

tial transformer re-
quired for one scheme
using the watt ground
relay.

Another scheme used
three double contact-
ing watt relayvs per

pair of lines but this
scheme does not have
a dependable selec-
tivity.




July 1923

the proper form of balanced protection. This matter
was gone into to some length and Fig. 4, shows a com-
parison of the schemes considered.

After considerable deliberation Scheme 3 was finally
decided upon as fulfilling the most important require-
ments; namely, the ability to give complete short-
circuit protection for both double and single line opera-
tion, with the ring either open or closed, with the use
of but one set of short-circuit relays; the ability under
normal conditions to selectively disconnect grounded
sections of line with a minimum of disturbance to the
system itself.

Therelay equipment asinstalled at thevarious stations
is shown diagramatically in Fig. 5 and a typical station
relay panel is shown in Fig. 6. The short-circuit relays
are standard Westinghouse single-contact, type C R,
4-12 ampere, reverse power relays, and the ground re-
lays are single-contact 1-3 ampere, selective differen-
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tial current relays. Interlocking relays are installed
in the trip circuits of both lines to render the good line
non-automatic for a few seconds after the relays have
tripped out one end of the defective line. This locks
out the trip circuit of the good line until the relays at
the opposite end of the section have had time to clear
the defective line, thereby preventing the balanced
relays from improperly disconnecting the good line of
the pair on the end which clears first. On standard
line sections the short-circuit relays are set to operate
at 0.4 second definite minimum. The 7-ampere cur-
rent tap is being used on the C. R. relays, and the 1-
ampere tap on the C. D.relays. One 63-ohm grounding
resistor is installed at each of the two generating plants.
It is possible that this value of resistance may be in-
creased at some later date.

A graphical representation of a typical relay opera-
tion on a ground fault is shown in Fig. 7. Sketch No.
7a shows the division of ground currents for a ground
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fault on line 2 at a point just outside station M. With
a ground resistance of 63 ohms at each generating
station and a neutral voltage of 38,100 volts, this will
give between 500 and 600 amperes ground current
supplied by each generating station depending upon the

Figc. 6—Tyricar, RELsy PanNeL ar RiNGg STATIONS

location of the fault. Using the value of 600 amperes
for convenience, it will be noted as shown in Fig. 7A
that these currents divide equally until the faulty sec-
tion is reached, where the shortest section of grounded
line will add the fault currents from three lines and pass
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900 amperes to ground, the remaining portion of the
grounded line supplying 300 amperes into the fault.
This will supply the line relays at the fault with a total
of 1200 amperes, since the cross connection of the C. R.
relays accumulates the currents in the two lines as
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shown in Fig. 78. The ground relays will receive a
differential current of 900 — 800 — 600 amperes. Thus
both sets of relays will start to close contacts but it will
be noted that the line relays receive only sufficient
current to cause them to operate on the inverse portion
of their time -curves, requiring approximately 0.6
second to close contacts. The ground relays, however,
operate on the definite minimum portion of their time
curves and close contacts in 0.8 second. Assuming
0.4 second for the breaker to open, this makes a total
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time of 0.7 second to clear one end of the defective line.
The opposite end of the grounded line will then start
to clear on a similar cycle of operation and thus after
1.4 secondsthe grounded line will be entirely disconnected
from the remainder of the system. See Fig. 7c.

If for any reason the ground relays fail to respond to
the ground fault, provision has been made that the
grounding resistors will be short-circuited after a period
of approximately 10 seconds following the occurrence
of the ground on the system. This places a dead
ground on the system which will draw short-circuit
current through the line C. R. relays and cause them
to operate on the definite minimum part of their time
curves.

If the fault had been between phase wires instead of
to ground, the C. D. relays would not have operated
but the C. R. relays would receive the short-circuit
current. For the minimum fault current these relays
would operate at a point P Fig. 7 on the definite mini-
mum part of the time curve and would close contacts,
in 0.4 second. Adding to this the time of opening of
the circuit breaker, the defective line would be cleared
at one end in 0.8 second. Thus a maximum of 1.6
seconds would isolate the defective line from the system
in case of short circuit.

Before putting this relay equipment into operation
and in order to prove the effectiveness of the relay
scheme, as well as to detect any defects that might
exist in the apparatus which would jeopardize service,
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it was decided to give service tests to the entire instal-
lation. The following procedure was accordingly
carried out:

One pole of an out-door type G-11 circuit breaker was
mounted portably and placed as near as possible to the
point where it was proposed to apply the ground to the
system. The point chosen hecause of its convenience
was just outside the station and a connection was made

to the line between the line breaker and the last discon.-

nection point on the line side of the station. Control
cableswerebroughtintothe station where the grounding
apparatus could be manipulated safely and the relay
operations observed simultaneously. The ground con-
nection to the grounding breaker was made by two
different methods:

1. A connection directly to the grounded side of the
11,000-volt ground resistor, which ground consisted of
five interconnected copper plates 2 ft. 6in. by 3 ft. 4 jn.
buried five feet under ground and surrounded by char-
coal, located at various points around the station.

2. The ground presented by a fallen line wire was
simulated by stretching 800 feet of 4 /0 bare copper wire
over the surface of the ground and this connected to the
ground side of the test breaker. The particular point
chosen happened to be a plowed field, in the case where
it was tried, and a good ground connection was
obtained.

»~To observe the effects of the through fault currents
at the other stations on the system, meters were placed
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in the ground and relay circuits of those stations. Thus
when the ground was applied, the readings on these
meters would give evidence of the ability of these sta-
tions to balance out the through fault currents in the
cross connection of the current transformers. Prior to

the tests the relays were checked for proper operation
by means of phantom loads,

In order to test all of the relays on the system with
a minimum of test apparatus and connections the tests
were made in the following manner:

A grounding breaker was installed at Wilmerding
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substation. With all bus sections paralleled at all ring
stations, a ground was placed successively on lines 1 and
2 on both sides of the Wilmerding Bus as in Fig. 8A.
This operated the C.R. and C.D. relays on both sides
of Wilmerding, on the Wilmerding side of Colfax, and
on the Wilmerding side of Dravosburg. In this, and
in all following tests, the two sets of relays were tested
separately, the one set tripping and the other set being
rendered temporarily inoperative. The emergency
taps to Wilmerding from the two direct lines between
Colfax and Dravosburg, Nos. 3 and 4, were then suc-

Fic. 9—GrouNpiNG BREAKER USED ON TESTS

cessively grounded at Wilmerding by means of the
grounding breaker, thus operating the C.R. and C.D.
relays at Colfax, Wilmerding and Dravosburg on these
two lines. See Fig. 8B.

This completed the test of all relays between Dravos-
burg and Colfax. The relays between Dravosburg and
Brunots Island were then tested as follows:

The bus was split at Dravosburg between lines 1 and
2, thus giving two parallel lines between Wilmerding and
Woodville, as in Fig. 8c. The trip circuits of all re-
lays on lines 1 and 2 at Dravosburg were opened. The
ground was then applied to lines 1 and 2 successively at
Wilmerding and the C. R. and C. D. relays on the
Dravosburg side of Woodville operated, as well as the
C.R. and C.D. relays on the Dravosburg side of
Wilmerding. The C. D. trip circuits only at Dravos-
burg were then closed on the Woodville side, and all
trip circuits at Woodville opened. See Fig. 8D. The
ground at Wilmerding was then applied successively
to lines 1 and 2 and the C. D. relays only at Dravos-
burg operated; there was not sufficient feed back from
Col_fax to test the C. R. relays at this same point but
their operations was tested by inspection of the move-
ment of the disks of the directional elements. The
relays at Brunots Island were then tested by splitting
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the busses at Dravosburg and Woodville and opening
all trip circuits at these stations. See Fig. 8E. By
grounding the two lines successively at Wilmerding the
C.R. and C. D. relays at Brunots Island operated.
This left only the C. R. relays and the C. D. relays on
the B. I. side of Woodville without test. This test was
made by opening the trip circuits on these lines at
Brunots Island and closing the trip circuits of the C. D.
relays only on the Brunots Island side of Woodyville
which operated when the grounds were applied at
Wilmerding. The C.R. relays at this point were
inspected for proper operations of the directional ele-
ments. It was thus possible to test all relays on that
side of the ring with the one test set-up at Wilmerding.
Some of the apparatus used in these tests are shown in
Figs. 9 and 10.

The result of these tests were extremely satisfactory
and very conclusive. Several incorrect operations were
obtained before correct adjustments were made and
defective apparatus detected, but following the correc-
tion of these matters perfect operation was recorded.

A total of 28 grounds were applied to the ring in
these tests and every operation was correct, both the
ground C. D. and the line C. R. relays being tested as
explained previously. By means of operation indica-
tors installed in the relays the operations were checked
very exactly. A summary of the test results may be
made as follows:

1. The complete scheme of protection was proved
to be theoretically correct.

2. Both the short circuit and ground relays,as setup,
for final test, operated correctly in every case. No
difference in performance was observed or recorded by

F16. 10—ErrEcT oF GROUND ON 68-kv. LinE WIRE

the operation obtained by grounding the line breaker
dead or through the simulated fallen line wire.

3. The ability of all sections to properly pass
through short-circuit current was demonstrated.

4. The presence of defective apparatus was detected
although the equipment apparently operated satis-
factorily on phantom load tests.

5. It is interesting to record that these tests re-
sulted in no injurious effects whatever to either appara-
tus or service.




The Wave Antenna
A New Type of Highly Directive Antenn:

BY

HAROLD R. BEVERAGE, CHESTER W, RICE, and EDWARD W. KELLOGG

(Concluded from page 644)

Directive Effects for I mpulses. The question will
naturally arise whether directivity curves calculated for
continuous waves, are applicable to the steep wave
fronts and pulses of static. The experimental evidence
Is that they are applicable. It is clear that in the case
of the wave antenna, waves on the wire will build up in
the direction of travel of the space wave, and relatively
feeble waves will reach the opposite end of the antenna,
whatever the wave shape or number of waves jn the
train. As applied to antennas or circuits in which a
balance of some sort is employed, to give zero reception
for continuous waves from certain directions, the
explanation of our experience with static 1s to be found
in the great frequency selectivity of our receiving sets.
Harmonie analysis of a pulse would show it to be equiva-
lent to the sum of a large number of trains of waves of
different frequencies. Of these the receiving set rejects
all but the waves of signal frequency. Another view of
the problem is the following:

Any cireuit which produces a balance or zero recep-
tion for continuous waves of a certain frequency will
react to a single pulse in such a way as to cause a second
pulse in the opposite direction, simultaneously or a
whole number of cycles later, or else a second pulse in
the receiver in the same direction as the original, but
an odd number of half cycles later. The receiving
set has a tuned circuit and a detecting system which
integrates over many cycles the effects of the oscillation
of the tuned circuit. If the neutralizing pulse is
simultaneous with the original, the tuned circuit is
unaffected; otherwise the tuned circuit is set into
oscillation by the initial pulse, but immediately stopped
by the neutralizing pulse. The integrated effect of the
brief oscillation is comparatively slight. If there were
no neutralizing pulse the tuned circuit would (assuming
a reasonably low loss circuit), execute something like a
hundred oscillations before the amplitude is reduced to
half the initial value.

While we have discussed static as if it consisted of
single pulses or of waves of very high decrement, it may
well be that some of our static consists of trains of many
waves of a fairly constant frequency. The wave
antenna, being aperiodic, provides a means of studying
some of these disturbances without altering their
character. If we insert an ordinary telephone receiver
in the ground lead, at one end of a wave antenna, we
hear a variety of “crackling” and “sputtering” noises,
some of which coincide with the static disturbances in
the radio receiving sets. Among these noises is an
occasional ‘‘ping,” or sound of definitely musical
character, resembling the sound given out when a bare
telephone or telegraph wire is struck a sharp blow. No

such sound in the receiver is heard, however, when the
outside wire is actually struck.

The manner in which such continuous trains of waves
might originate is not evident, but the followipg analogy
is of interest. If you throw a stone into the water, you
will note two or three circular waves as soon as the
splash has subsided. Three or four seconds late r you
can count seven or eight waves, of subst antially uniform
size with a calm area inside, and after some ten seconds
there may be a dozen to twenty waves. This analogy
may haveno significance in connection with ether waves,
but it suggests a possibility. If it is true that static
contains trains of waves of moderately low decrement,
this would in part explain the failure of attempts to
improve stray ratio by interior eircuits (apart from the
frequency selectivity obtainable by highly tuned eir-
cuits) and point to the conclusion that increased direct-
ivity must be our main reliance for further improve-
ments in receiving through static.

GENERAL ENGINEERING FEATURES

Type of Construction. It is brought out in the dis-
cussion of the theory that, so far as collecting signal
energy is concerned, there is no object in placing the
wires of a wave antenna higher than is required for
security and to pass obstructions. A high line will
show slightly greater wave velocity and less attenua-
tion than a low line, and be less affected by changes in
ground conditions or proximity of trees, which some-
times cause sufficient changes in the line constants to
give rise to slight reflections. The differences in favor
of the higher line, however, are so small that they
would rarely warrant the expense of taller poles.

Apart from the importance of a straight line and
avoiding proximity of other conductors, the specifi-
cations for wave antenna construction might be taken
bodily from those written for an open wire copper
telephone circuit. Any change in construction or
material which will appreciably alterthe line impedance
and give rise to reflections, should be avoided. Special
care should be given to obtaining clean surfaces for
making joints, since we are dealing with voltages which,
on the average, are hardly a tenth of those developed
in ordinary telephone circuits. Sleeve joints are
recommended for permanence. The smallest copper
wire which will stand the storms will make as satis-
factory an antenna as a heavier wire. Good balance,
where two wires are used, is important, and for this
reason first-class insulation should be provided. We
have seen that a single-wire antenna shows lower at-
tenuation and higher velocity thana two wire antenna,
For the same reasons, although in less degree, the use
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of small wire, and placing the wires near together (if
the antenna consists of several wires in multiple) is
conducive to high velocity and small attenuation.

Except for temporary or experimental purposes,
two-wire antennas are practically always desirable,
since they permit adjustments in the station for putting
out “back end” disturbances. The use of more wires
will, in some cases, collect slightly more energy,
but has no other advantage.

Whether a minimum of attenuation and a high
velocity are desirable depends primarily on the length
of the antenna. For an antenna a wave-length long,
the best directive properties are obtained with a velocity
between 0.7 and 0.8 of that of light. Higher velocities
are desirable for longer antennas and lower velocities
for shorter antennas. These considerations may govern
the choice of number of wires, or other features of the
design. It may even be desirable, in some cases, to
reduce the wave velocity of the antenna below the
natural value, by loading. The loading may be done
by adding series inductance, with the effect of raising
the line impedance and reducing the attenuation, as
well as reducing the velocity. Slowing down the line
by adding capacity to ground will lower the impedance
and increase the attenuation. The amount of atten-
uation experienced on antennas consisting of bare wires
on poles, does not appear to affect their directive
properties adversely.

Location of Antenna. The land chosen for a wave
antenna should be as flat and uniform as possible. The
desired location of the receiving station need not control
the selection of the location for the antenna. Parallels
with other wire lines are to be avoided as far as possible,
since the foreign lines, acting as antennas, pick up
disturbance from various directions and introduce these
into the antenna by induction. There is no simple way
of balancing out this induction, for both the lines and
the antenna are acting as ground return circuits. It is
possible to prevent detrimental effects from adjacent

Fic. 78 —EquarLy CROOKED ANTENNAS WHICH ARE NoOT

EqQuivALENT

lines by loading them so as to prevent their carrying
radio frequency currents. The importance of a straight
right of way depends in part on the desired over-all
velocity, which, in turn, depends on the length em-
ployed. Considerable deviations from a straight line
affect the directive properties of the antenna, not only
by reducing its wave velocity, but by altering the
electromotive forces induced in it. For example, the
antenna shown in Fig. 784 would receive disturbances
from a direction at right angles to the mean line of the
antenna, since’'the electromotive forces in the sections
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a-b and d-c would by no means neutralize. Ontheother
hand, in Fig. 78B, the sections a-b and c¢-b, which are
affected by disturbances at right angles to the antenna,
are a small fraction of a wave length apart, and the
effects of the disturbance would nearly neutralize each
other in the two sections.

It is important to provide grounds at the ends of the
antenna which will not change sufficiently to upset
adjustments. A body of water in which several
hundred feet of copper wire can be laid is the most
desirable terminal for the antenna, but fairly satis-
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Fic. 79—ARRANGEMENT PERMITTING LLOCATION OF RECEIVING
STATION AT A DISTANCE FROM THE ANTENNA
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factory grounds can be made by burying sufficient
lengths of wire. Beverage found on Long Island that,
for grounds of this type, it was best to lay the wire in the
sod rather than bury it deeper, since the humous of the
surface soil retains its moisture better than the sand
below. A star consisting of ten or a dozen 100 foot
radii of 0.081 in. copper wire laid in this way usually
gives a resistance as low as 20 to 40 ohms.

Location of Receiving Station. In thecasesof thewave
antennas which have so far been built, the receiving
station has been located at the end nearest the trans-
mitting station and the signals sent back over the
transmission line as illustrated in Fig. 18. Figs. 79 and
80 show arrangements by which the receiving station
may be located some distance from the antenna. Ef-
fective damping must be provided at the end A, and
this can be done either by wasting most of the energy
in a resistance at A and transmitting to the station only
so much as is necessary for compensation, or by using
close coupled transformers of proper ratio to fit the
impedance of the circuits which they connect together,
and effectively damping the transmission lines in the
station. Experience has shown that signals can easily
be transmitted a number of miles over open wire lines,
with comparatively little loss of intensity, and if
we start with signals of such intensity? as is usually
obtained from a full wave length antenna, there
is no perceptible impairment of stray ratio. For
the transmission lines which are not a part of the an-
tenna, there is no object in avoiding parallels with other
circuits, but they should be transposed frequently

25. The quietness and balance of a two-wire transmission line
are not absolute, and if we attempted to transmit very weak
signals, they would obviously suffer in stray ratio.
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enough to prevent picking up radio frequency currents
by induction from other circuits.

Transmission lines will inevitably act as antennas and
waves will be built up on them by disturbances traveling
parallel with the direction of the transmission lines.
If the lines are balanced, these waves will cause no
difference of potential between wires, but only potentials
to ground. Balanced transformers at the ends, with
electrostatic shielding between primary and secondary,
will in general suffice to prevent any effects of the
parasitic waves from entering the receiver. Cases may
arise, however, in which the waves built up on the trans-
mission line are especially strong, making adequate
balance difficult. There are several possible measures
for reducing the antenna effects of the transmission lines,
such as

1. Loading to give low velocity.

2. Sectionalizing with transformers.

3. Draining.

If the loading coils in the two wires are inductively
coupled, they may be made to introduce comparatively

DRECTION o
S/ GAAL,

AN TLENNG.

\! £
[3,? €
Y -
5
"3?,,‘&‘( £ JE g/ﬂéﬁ
RS o j
NS w822
N 5 AT
NS &
"‘e,b)“\ P ‘/,MV
. —
Xy (7
eEEETNG T[T femaman

L&, L

L | 3 L

=y I

- R e
A bt
pig 13 .{
- - {
= gLl

Fi1e. 80—ALTERNATIVE TO Fig. 79

little inductance in the transmission line and a higher
inductance in the ground return line. A short-circuited
secondary of suitable resistance will cause high loss to
radio frequency currents in the two wires in multiple,
but have no effect on the currents in the metallic circuit.

Sectionalizing as shown in Fig. 81 is one of the most
effective means of preventing antenna effects in 2
transmission line. Drains from the neutrals of the
transformer are also shown, to dissipate energy and
prevent standing waves from building up.

Use of Existing Wires for Antenna. Existing copper
wire lines, if uniform throughout the required length,
and having the proper bearing, may be utilized as wave
antennas. If the wires are in use for telegraph service,
coils of 0.075 to 0.1 henry inductance may be used to
1solate the part of the line which is to be used as an
antenna. The remainder of the line may be drained
through condensers if objectionable disturbances get
past the coils into the antenna section. Unless the

antenna ground is of very low resistance the ground for
the drain should be separate, in order that disturbances
shall not be carried through to the antenna, owing to
common resistance in the ground. Fig. 82 shows a
circuit designed to isolate a portion of a telephone line
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for antenna purposes. This provides both chokes and
a drain, and the coils and condensers are proportioned
to cause minimum interference with the passage of the
telephonic currents. If the grounding of the wires
through the 0.3 microfarad condensers makes the
telephone line noisy, a 0.2 microfarad condenser in the
ground lead will reduce this tendency.

All parallel wires which are not used as part of the
antenna should be sectionalized for radio frequency
currents, either by coils, or by links of artificial line
like that shown in Fig. 82, at intervals of a quarter or a
third wave-length or less, of the shortest waves for
which the antenna is to be used.

Fre. 81—SEecriovavizing TRANSFORMER FOR TRANSMISSION
Lines, witH By-Pass For Direcr CurrenT

The principal disadvantages of using telegraph or
telephone wires for an antenna are the compromise
antenna design which is likely to result, and the diffi-
culty of making tests on the antenna for balance or
leakage. The latter applies especially to telegraph
lines. If the wires are used for telephony only, large
stopping condensers which will permit the telephone
ringing currents to pass, may be introduced in series
with the wires, at the ends of the antenna, thus per-
mitting direct current tests to be made on the antenna.

Antenna Testing. In any permanent receiving sys-
tem it should be possible, from the station, to test the
continuity and insulation of the antenna and the balance
or quietness of the transmission line. Fig. 83 shows an
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Fig. 82—IsoLaTioN oF Part OF TELEPHONE LINE For UsEk A
ANTENNA

arrangement which Beverage applied to the Riverhead
antenna. With the switch S 1 open, the line is insulated
from ground and may be tested for leakage by voltmeter
or megger. Throwing the switch S, to the battery side
operates the relay at the far end of the antenna. This
cuts out the reflection transformer, and if the trans-
mission line is balanced the recelving set becomes al-
most entirely quiet. Fig. 84 shows the application of
the same method of testing to the case where the re-
ceiving station is connected through transmission lines
to the antenna. Arrangements for more complete tests
are obviously possible, employing polarized relays or
selector switches, but the need of any more elaborate
testing system has not. yet arisen.

Protection. Potentials of several hundred volts are
not uncommon on the wave antenna, even with no




July 1923

storm in the immediate vicinity. All coils which may
have to stand these voltages should therefore have
substantial insulation. Condensers rated at 1000 volts
have been used in the installations at Belmar, Chatham,
and Riverhead. Vacuum tube lightning arresters
rated at 350 volts are connected between antenna wires
and ground at both ends. The switch S, in Fig. 83, is
closed except during tests, to prevent static potentials
from accumulating.

Apparatus Used with Wave Antenna. Some idea of
the design of the essential pieces of apparatus which go
with the wave antenna, may be of interest.

The reflection transformer for long wave work con-
sists of three 84 turns “pancake’ coils. The two out-
side coils in series constitute the secondary winding
which is connected between the antenna wires. The
middle coil, which is the primary winding, is connected
from ground to the neutral of the secondary. Each
coil is approximately 8 in. by 11 in. diameter by 1/2 in.
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F16. 84 —RELAY Circuir FOR TESTING ANTENNA OVER TRANS-
MISSION LINES

thick. The conductor consists of seven strands of
0.010 in. wire with double cotton covering and a cotton
braid, thus giving a loose, low-capacity winding. The
whole transformer is placed in a wooden box which is
filled with paraffin to exclude moisture. The following
readings show the inductance:

Primary (84 turns) with secondary

O DT s e Wt s, e 2.4 millihenrys
Primary with secondary short-cir-

CUitedey vaa v sn 28 4 = 5 B v a e 72w 0.56 “
Secondary (168 turns) with primary

OPEN 14 s = a < ¥ iy A'g) A4 Pl £ de) o 2 7.5 “
Secondary with primary short-cir-

CUILE. www s svoaw s v id 3 5= i 31 0@ 503 1.2 “

An arrangement suggested by Kellogg eliminates the
reflection transformer. This consists in grounding one
wire of the antenna and leaving the other open-cir-
cuited. The signal wave currents built up on the
antenna flow in the same direction in the two wires.
When the waves.reach the end of the antenna, reflec-
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tions occur in opposite phase on the two wires, so that
the waves which travel back toward the receiving
station are of opposite sign, and are received by a trans-
former in the station connected across from wire to wire,
exactly as is the case when a reflection transformer is
used.

Iron core transformers have been used for the antenna
output, or between the transmission line and the re-
ceiving set. The core is of 0.0015 in. enamelled iron,
and is approximately a square inch in cross-section.
The primary, or line winding, is in two equal coils of 60
turns each, placed symmetrically on the core and
symmetrically with respect to the secondary windings.
There are four secondary windings of 160 turns each
with a grounded tinfoil shield between each winding and
the next to prevent electrostatic coupling. The
secondary windings are connected to the grids of pliotron
tubes. A greater step-up ratio might have been em-
ployed, with consequent increase in signal strength, but
the method of compensation, or “back end balance,” did
not provide sufficient potentials to permit using any
more secondary turns on the output transformer.

Another type of antenna output transformer has been
used in which the secondary winding is connected
directly in series with a tuned circuit of the receiving set.
This transformer was essentially like the one already
described, except that the secondary windings were of
ten turns each.

The artificial line which is used to adjust phase for the
back end compensation, consists of a wooden cylinder
4 inches (10 cm.) in diameter, on which is wound a single
layer 36 in. long of 0.0126 enamelled copper wire spaced
46 turns per inch. A tap is brought out, 3/4 in. from
the end, and every 114 inches thereafter, giving a total
of 24 taps. A 0.005 microfarad condenser is connected
from each winding tap to the common conductor, which
forms the other side of the “line.” A damping resist-
ance of about 400 ohms, wound on a card, is connected
across -one end of the line. The line has an electrical
length of about 16,000 meters and an intensity loss of
about 5 per cent from end to end. Four sliders are
provided, with double-contact phosphor bronze springs
which bear lightly on the wires of the solenoid.

A trap to prevent interference from the transmitting
station at Marion, Mass., which is directly in front of
the Riverhead antenna, was used to advantage by
Beverage. This consisted in a low-resistance series
tuned circuit (about 15 millihenrys and a 0.005 micro-
farad variable air condenser) connected between the
wires of the antenna in the station, thus shunting the
primary of the output transformer. This formed such
a low-impedance shunt when tuned to Marion’s wave
length as to practically extinguish his signals. Subse-
quently, with receiving sets in which additional fre-
quency selectivity was provided, this shunt trap was
omitted, but it has a field of usefulness, and the high
power factor of the circuit, where it is applied, makes its
operation simple and satisfactory.
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Application to Short W apes. We have discussed the
wave antenna as applied to long wave reception only;
that is, to the reception of waves ranging from 7000 to
25,000 meters, used in transoceanic communication.
It was in this field that the need of greater directivity
in reception seemed most urgent, and in this field that
the wave antenna was developed. The writers early
demonstrated, in the short wave tests at Schenectady,
that the wave antenna functioned in the same way on
short waves as on long waves.

The first commercial application to shorter waves
was the construction of a 2000-meter antenna at

Chatham, Mass., for ship reception. This antenna was

built in the summer of 1921 and is used for receiving
traffic from ships having 1800 to 3000 meter continuous
wave transmitting sets. It was in no wise a disap-
pointment, for it resulted in a great improvement in
reception, making it possible to receive ships from
practically all the way across the Atlantic.

The next important trial of the wave antenna for
short wave reception was during Mr. Paul F. Godley’s
transoceanic reception tests at Ardrossan, Scotland.
Using a wave antenna about 400 meters long, pointed
toward the United States, and using the best short wave
receiving apparatus obtainable, Mr. Godley copied
messages from many American amateur stations, on
wave lengths between 200 and 300 meters. He attrib-
uted much of his success to his directive receiving
antenna. Descriptions of the tests and of the antenna,
written by Mr. Godley, were published in the February,
1922, Q. S. T,, and the March, 1922, Wireless Age.

Recently the writers have done some experimenting
with wave antennas for wave lengths in the 300 to 400
meter range. The advantage of the wave antenna on
long waves in giving especially strong signals, is less
apparent on short waves. The principal reason for
this is that, for short waves, the static antennas or loops
which we use as a basis of comparison are much larger
In proportion to the wave antenna than is true in the
case of antennas used in long wave reception.

The advantage, then, of the wave antenna for re-
celving waves of 450 meters or less, lies in its directive
properties. Many amateurs wish to hear all the
stations within range, but where the object is to receive
from a certain direction only, and to exclude as much
else as possible, the wave antenna will perform its
function as well as on long waves.

The form of antenna best for short wave reception
is practically the same as for long waves, although it
will in general be desirable to reduce the height, in
order to lessen the effect of the vertical conductors at
the ends. Fig. 85 shows suitable arrangements for
short wave reception. The surge impedance for a given
type of construction will be slightly less on short waves
than on long waves. The double wire antenna with
reflection transformer has a decided advantage in

26. For more detailed discussion of the application to short
wave reception, see article by H. H. Beverage in Q. S. T., Nov.
1922.
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convenience compared with a single-wire antenna.
The equivalent of the reflection transformer namely,
grounding one wire and leaving the other open-circuited,
will, as a rule, be preferred for its simplicity. Rear
end compensation by means of the reflection balance
is desirable and easily applied. This ecalls for a series-
tuned circuit in series with the surge impedance, as
shown in Fig. 85. The resistance should be variable
and the capacity reactance and inductive reactance
should preferably not exceed ahout 500 ohms each.
For output a coil of about 0.1 millihenry in the ground
lead of a single-wire antenna, or, if the reflection trans-
former system is followed, a 0 2 millihenry coil con-
nected between the two wires of the antenna is sujt-
able. The first tuned circuit of the receiving set may
then be coupled to this output coil.
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APPENDIX A
Typical Operations with Vector Quantities

For additions or subtractions, vectors must be
expressed in terms of their components,

(@+7b) +(+jd) =@+e) +50b+ d)
(@+7b)—(c+5d) = (a— ) +5(0-4d

The vector ¢ + j b has a length +/ a? 4+ b2 and an
angle tan—' b ¢.

Letting ¢ stand for the angle tan—! b/q,
a=+a+bcospandb = v/ a® + b sin ¢ whence
a+3b = \/a‘~’+b21'cos<p+jsingo).

There are several other ways of expressing a vector
in terms of its length and angle a +3b = (Va2 + b?)
€’? if ¢ is expressed in radians or @ + j b = (1/a? + b?)
¢t 0° s expressed in degrees. a + j b =
v a4+ b o if we define the symbol /¢ as meaning
that the quantity +/ a2 + b after which it appears is
to be multiplied by cos ® + jsin .

The identity of ¢* and cos ® + 7sin ¢ is most
readily shown by expending ¢'*, cos @, and sin ¢ in
power series, and replacing J* by — 1. This relation is
shown in a number of text books.

The product of two vectors 1s found by multiplying
their lengths together and adding their angles.

Thus (4 /o) (B /¢)) = A X B /¢, + ¢,

(@+70) fc+jd) = (vVar+ b2 (@ + &)
tan—'b/a + tan—'d/c

To divide one vector quantity by another we take

the quotient of their lengths and the difference of their

angles 4 gl
"B

/¥

= A/B Y1 — Q.
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Multiplication and division may also be performed
with the vectors in the form a + j b, thus (a + 7 b) (¢
+jd =ac+jad+jbe+j2bd=1(a ¢ — b d)
+j(ad +bc)

_a+jb _ (@+gb)  (—jd)
c+3d (c+7d) (c—Jjd)
_ (ac+bd)+j(-ad+be)
= ‘22—+d2

In the foregoing any component or any angle may
have a negative sign.

In the expression a + j b = +/ a® + b* (cos ¢ + j sin
@) where ¢ = tan—! b/a the quantity +/ a® + b* taken
by itself would have zero phase angle, and the quantity
(cos ¢ + jsin ¢) has a phase angle ¢ and a length
unity (since cos? ¢+ sin? ¢ = 1 and therefore
V/ cos? ¢ + sin? ¢ = 1). Maultiplying by cos ¢ + j sin
@, or its equivalent ¢/* thus simply causes a counter-
clockwise rotatiori or phase advance by the amount of
the angle ¢. Multiplying by €”¢ or cos (— @) +J
sin ( — ¢) which is cos ¢ — jsin ¢, causes clockwise
rotation or phase retardation by the amount of the
angle ¢.

From the rule for multiplication it follows that to
square a vector quantity we square its length and
double its angle. Thus (A /¢)* = A? /2 ¢ and con-
versely to find the square root of a vector we take the
square root of its length and divide its angle by two,
VA/p=+A/1]2¢

Differentiation of a vector quantity A, with respect
to some variable X, on which A depends, gives the
vector change in A per unit change in X.

dA  A,— A,

=
in which A, — A, is a vector difference, A, is the value
of A corresponding to X, and A, that corresponding
to X, and X, differs from X, by an infinitesimal
amount.

In Fig. 62A a vector connecting the ends 1 and 2
of the total current vectors, corresponding to = =1

dl

dx corresponding to a

and z = 2, would represent

value 1.5 for X.

Integration of a vector quantity gives the vector sum
of an infiite number of infinitesimal vectors. This
process is illustrated, using finite numbers, in Figs. 28
and 33.

APPENDIX B

Analysis of Action of Wave Antenna

The following treatment of the problem of the wave
antenna, was worked out by Mr. Ivar Herlitz or Kel-
logg’s request. Mr. Herlitz was at the time pursuing
graduate studies in electrical engineering at Union
College as exchange student of the American Scandi-
navian Foundation. The treatment is given here partly
by way of acknowledgment for the substantial assistance
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derived from Mr. Herlitz’s solution of the problem,
at an early date in the evolution of the theory of the
antenna, and partly because the equations are derived
in a radically different manner, and provide a valuable
means of checking results as calculated by the expres-
sions given in the body of the paper.

Referring to Fig. 26, x is a distance measured along
the antenna from the end A, nearest the source of
signals, and [ is the total length of the antenna.

As in the discussion given in the paper, the induced
voltage per unit length of wire at the point X, is taken
as

E, — Eqcos e’ ©*C0"

The following new symbols will be used.

i = current in wire at X

e = potential of wire at X, with respect to ground.

The potential gradient along wire is the resultant
of that due to the passage of current through the line
inductance and resistance, and the voltage induced
in the wire by the space wave, or

de
dzx

-7 wx (cos 8)/v

=~ R+jwL)i+ Eycos 0 ¢
(52)
The current in the wire changes from point to point

by the amount of the leakage and charging currents,
or

di . .
e =—(G+jwl)e (53)
. - i de .
Differentiating (53) and solving for 1. Bives
d2 i _ 0 d (]
dz = GtieO g
de _ 1 d, i (54)

G+ wC) daz
Substituting this in (52) and multiplying through by
— (G +J wec) gives
ds i

= R+l G +jw0)i

-3 wax (cos 0)/v

— (G+jwC)Escos 0 ¢
or since (R+jwl)(G+)wC) =7

(85)

d i 6 . -7 wx (cos /v
szxlz='y21—(G+]wC)Eocos9cs’ (cos )
' ' (56)
Use trial solution of the form
i=A¢d"'+ Be_yx—l—De'ij(co”/v) (57)
Differentiating (57)
d i . Y X . -y X
el YyAe — vBe
’ 5 0 - w x (cos v n
] ‘“;’s Dl e (58)
d i Y"AE  + v:Be T
d Lo
2 cos? ) -4 wx (cos 'y
f =Y Do erEmd (59)

‘UZ
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We next substitute the value of i given in (57) and

the value of %2;, given in (59) in equation (56)

I @ os o)/

- 72A67x+ 7286-7x—|— 'YZDé_j w x (cos 0)/v
~ (G +7wC) Egcos e’ “F 0

from which
2 2
D(’YZ-FL(;(:S—G = (G +J wC)E;cos §
(G + 7 wC) Egcos 6

w?cost §
v+ B

D =

(60)

Using this value of D in (57), we have as the gen-
eral expression for current

i=A¢ " +Be""
i (G +j wC) Eycos 6
ye w? cos?® §

The constants A and B depend on the terminal im-
pedance and we must find an expression for the volt-
age e, as well as the current i, in order to evaluate them.

From (53)

-J wx (cos 8)/v

(61)

B 1 di
G+jwC) da

e =

di
in which we may substitute the value of s given in

(58) using the value given in (60) for D

- YA€” 4 YBe "
T G+70C TGCF5aC

. wcos 6
—— Eo cos 6
v -J wx (cos ) /v

w? cos? 6

_|..

Since w————— = Z, the expression for e becomes,

G+jwe
e=—ZAe¢"+ZBe""

. wcos f
Eocos 6
v -J wx (cos §)/v

ye 1 w? cos? 6

For an antenna with non-reflecting ends, or in other
words, with the surge impedance at each end,
e=—Ziforz=0
e =+4Ziforz=1
Using the expresssions for i and e given in (61) and
(62) we set z = 0 and equate — Z i to e, and have
 ZA-ZB-7Z (G—i—ijz) E92cos0
w? cos? §

v+

wcos 6

L (62)

E;cos 6
=—ZA+ZB +

w? cos? 0

v+
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whence

E,cos 0
w? cost §
——

+Z@+jwC) |
and since Z (G +j we) = v

~2ZB = ——

(. wcos f
=5
v? 4+

. wcos 6§
’Y+]-“v

 w?cos? f
2

(63)

v d
Next setting z = [in (61) and (62) and equating + Z i
to e we have
ZA¢'+zZBe!
+Z (G =+ O)C)EoCOSg 6-j w I (cos 0) /v

w?cost f
v LS80
=—ZAd' 4+ ZBe!
y ic_:i EO coSs 0 , L "y
- w COS v
+72T_wf%s—2'0‘6
v?
2ZA&! =
Eocos e 7 @/ C=0/ s .
\ w? cos? 6 . —Z(G—|—wa)]
0% -i-‘v2
_ Eqcos e’ @ s . wcos
. w? cos? f Y= v ]
vy 28T
B Eo cosee-jwl(cos 6) /v
o . wcos 0
Y+ —
A —Eocosﬁe -J w ! (cos 6) /v

27 eyz(7+].w_c1§)s_0)

- j ! [
Eo COoSs 9 P (’Y+J w I (cos Y/v

= % (64)
22(7_*_}. wcos § )

v

With these values for A and B and with v/Z sub-
stituted for G +j w C, equation (61) for current be-
comes

_e-(-y+jw1(coso)/v
i =FEjcosf e €F
2Z{oR e
1 o
. os 8
2Z(7=i =5
-Jj wl! (cos 6) /v
+ = w? cos? 6 )
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The receiver end current is found by letting = = [
in (65) which gives

-y +J wl(cos 6)/y

i, = Eqcos 0 €
. cos 0
2Z(v+i—p—)
oy
€
B . wcos 6
22(v=i— )
-j wl (cos 8) /v 5
Y €
+ R w? cos? 0
Z(’Y‘+ p? )
- EoCOS0 [ _G-jwl(cose)/v
- 2Z . wecos @
| ’Y+]———w 5
e
N ,Y_].kwcos()_—
)
2 e-jwl(coso)/v
L ( +.wc’:/)80 (,Y_.wcosﬁ_
e Gt S
E COS0 G-jwl(cos 8) /v
_ by
- 27Z (’Y—' w cos 0 s
)
(’Y—' w cos 6
[ (v=i—)
. . wecos
| Y+ »
o —7l€+jwl(cosﬂ)/v+ 2')’
. wcos @
’Y+]"4v J
22(7—] ; )
. wcos @
’Y+] ? ”G_(n,-jwl(coso)/ﬂl}
. wcos b
| ’Y+]—v—
_ Eo CcOS 0 G_ J @ 8 Gt {1 G_ (v -7 wl (cos 0)/1;}
. . weos 8\ U
22(7_ w COS )

v

Egcos g’ 00"
2Z|a+j7B(1—ncosf)]
{1_€-la+jﬂ(l+ncoso)]1} (66)

The back end current is found by setting z = 0
in (65) which gives

-ly+ 7 o l(cos o) /v

i, = Ejcos 0

22(7_-{_-]'-“”::30—)
. _ 1 }
22(7_ wci(_))si)
+ — g ;
Z(v+ _w¥c0950_)(,y_]._io_c%)s_q )‘
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_ E, cos 0 -t os o/l
- . wcos 6
2Z(7+Jw—v—)
. wcos @
’Y+J————» ” | 9 vy
N . wcosf ,Y_.wcos_()_
Y- v J v
B E, cos 0 o ly + 7 @ (cos 0)/v]l}
B . wcos 8
2Z (v +j=")
E,cos 6

2Z[a+78( + ncosb)]
{1_6'[a+jﬁ(l+ncoso)]l} (67)

APPENDIX C
List of Symbols

Symbols in heavy faced type, as 1, E, Z stand for
vector quantities.
I = Series inductance of antenna conductors, henrys
per kilometer.
C = Shunt capacity of antenna, farads per kilometer
R = Effective series resistance of antenna, ohms per
kilometer
G = Leakage conductance to ground, mhos for one
kilometer, (effective value at high frequency)

Z = Characteristic or surge impedance of antenna
Z = —R—-*-—].LL— or for most purposes at radio
G+jwC

frequency Z = +/ L/C

v = Propagation constant for antenna

Y =vVR+jwLl)(G+jwl)

a = Attenuation constant per kilometer = real part
of v. If wlL is large compared with R, and
wc large compared with G, « = R/2 +/C/L
+ G/2 ~/C/L approximately

Imaginary component of <, or B = Wave
length constant of Antenna. v = o -+78.
For most purposes at radio frequency 8
= w +/ I C approximately

v = Antenna wave velocity, kilometers per second

jB =

u = w/Boru = 1/+/ L C approximately
v = Velocity of space waves
= Velocity of light = 3 X 10° kilometers per
second
n = Velocity ratio of antenna = u/v
f = frequency of signal waves, cycles per second
. 3 x 108
A = Signal wave length = ———— kilometers
w =2nf
¢ = Base of natural logarithms = 2.718 ¢ =
100.4343 x

[ = Length of antenna in kilometers
f§ = Angle between direction of signal and direction
of antenna
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Es = Measure of signal mtensity = Induced volts per
kilometer in horizontal conductor parallel to
signal direction

1, Current at receiver end of antenna (both ends
of antenna assumed to be damped by surge

impedance)

| Current at back end of antenna (both ends
assumed damped)

p = Specific resistance of earth, ohms for one centi-

meter cube.
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