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or of the test key are caused by aging of the selenium
rectifiers in Model TDZ, as discussed in the instruction
book.

One transmitter occasionally failed to produce normal
output. A comparison of the dial with the logged set-
tings disclosed the fact that one of the autotunes was
several hundred dial divisions short of the proper setting.
It could be turned clockwise by hand until it came up
against the stop, at which time the transmitter operated
normally. After a channel was dialed and all controls
were brought to zero, this one dial would stop while the
others were turning. As a result the autotune motor
would complete its cycle before this one control had
reached its pre-set adjustment. Inasmuch as the dial did
not turn abnormally hard, it is presumed that its clutch
was slipping. This can happen when a lubricant over-
flows onto the clutch mechanism.

Occasionally the reversing switch operates improperly,
such as by bringing all dials to zero and then failing
to reverse the motor to drive the dials to their correct
positions.

Improper adjustment of relay K-101, in the Type
—23497 remote channel selector equipment, may cause
pulses to be missed. This tunes the equipment to 2
lower channel number than that dialed.

In one Type —23497 remote channel selector unit, 2

short from the K-101 relay contact to ground shorted the
selenium rectifier and prevented the receiver from being
dialed to any channel above the third.

The shielded cable to J-101, in the upper left portion
of the Type ~23497 remote channel selector unit, has been
found to short relay K-101 and to prevent the operation
of the channel selector. This is aggravated by the fact
that it is difficult to bring in the three incoming cables
in such a manner that neither they nor the shielded cable
press against any of the relay contacts and upset normal
selecting operations. While care in placing the cable
knockouts and internal runs may avoid this trouble,
installation of a metal rod railing on the shelf support-
ing the relays should prevent the difficulty.

REPORTING TROUBLES

It is suggested that all autotune symptoms and their
cures be reported to the Bureau in some detail, especially
during the coming few months, so that a complete sum-
mary of these problems can be published for the benefit
of all hands.
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NEW FREQUENCY-SHIFT KEYER

Delivery of the new Keyer KY-32/GRT frequency-
shift equipment has been completed, and it is now
available at the various installation activities. The
KY-32/GRT is an accessory to the Model TCK-4 Radio
Transmitting Equipment, originally designed only for
radiotelephone or ‘“on-off” keying in radiotelegraph
service. By the installation of the new f-s keyer, the
TCK-4 may be converted to a frequency-shift-ke)’ed
radioteletype transmitter without interfering with its
normal function of radiotelephone or radiotelegraph
transmission.

As is well known, frequency-shift keying is that type
of keying which causes a transmitter to radiate at one
frequency for a “mark” interval, and then shift to a
different frequency for a “space” interval. .PrCVIOUS
equipments adapting the TCK to such f-s radioteletype

service—for example, the Model FSA Frequency-Shift

Keyer Equipment—have required extensive modification

of the TCK.

In one modification suggested by the Naval R'esearch
Laboratory, the master oscillator of the TCK is con-
verted into a frequency-doubling amplifier. This stage
is excited by an external keyer such as the FSA. A sys-
tem of this type—in addition to the keyer—requires an

electronic coupling unit, switching equipment, a con-
nector, and other accessories. Several other systems have
also been used. Some utilize the TCK oscillator and the
200-kc side-step feature of the FSA. Other systems em-
ploy the inductive-loop method of coupling between the
keyer and the transmitter,

In the majority of cases, the operation of the TCK
on frequ.ency-shift keying utilizing these systems has
been satisfactory. Such modifications, however, have
tied up the TCK transmitters for f.s-k service only, pre-
venting the use of such modified TCK'’s on the c-w or
radiotelephone service for which they were originally
designed. Use of the KY-32/GRT keyer eliminates
many of the modifications outlined above, and does not
impose any restrictions on the use of the transmitter.

The KY-32/GRT is constructed as a small panel-and-
chassis assembly which may be mounted in a cut-out at
the side in space already available in the transmitter
cabinet. On this chassis are mounted components for
three circuits:
1—An audio-oscillator circuit for producing the f-s key-

ing, which is usually plus-and-minus 425 cps from
the center frequency.
2—A circuit for providing 200-cps phase modulation

for application where its use would improve trans-
mission.

3—A circuit, using the same oscillator as in (2), for
generating a 425-cps test tone for adjusting the trans-
mitter and keyer.

The keying circuit consists of a triode-connected
pentode arranged as a reactance tube; it is in series with
a 150-puf condenser connected to the tank circuit of
the TCK-4 transmitter. As the d-c keying signal fed
to the grid of the pentode varies, the reactance (capaci-
tance and resistance) of the tube also varies. Effectively,
a variation in capacitance appears across the tank circuit
of the master oscillator of the TCK-4 and the transmitter
frequency shifts accordingly. A change of 3 puf at the
plate of the tube produces a total shift of 850 cps from
“mark” to “space.” With the KY-32/GRT off, the
load on the TCK-4 master-oscillator due to this connec-
tion does not appreciably change the frequency of the
TCK-4 in normal service. Three types of input keying-
signals may be used with the keyer:
1—Neutral keying, which requires a positive voltage

input (+30 to +120 volts) for a “mark” interval,
and removes the voltage entirely for a “space” in-
terval.

2—Polar keying, which requires a positive voltage
(+30 to +120) for a “mark,” and a negative volt-
age (—15 to —120) for a “space.”

3—Keying using external make-and-break contacts de-
riving its voltage from within the keyer.

The total frequency-shift is normally 850 cps (up
425 cps from the center frequency for 2 “mz.irk, and
down 425 cps for a “space”). It may be varied, how-
ever, from about 100 cps to perhaps 1700 cps, by vary-
ing a “frequency-shift” dial on the ke).ler pan.el and
referring to calibration curves provided in the instruc-
tion book. o

Using the KY-32 /GRT is easy, and so is its installa-
tion. Turning a switch and allowing the keyer to warm
up is all that is required to shift the TCK—4 from
standard voice or radiotelegraph to radioteletyge.

Installation of the unit may be accomplished in many

instances by ship’s personnel. Complet.e instructions
for performing the installation and mak'mg t.he neces-
sary connections to the TCK-4 are contained m.the in-
struction book (NavShips 91,109) accompanying the
keyer. . i .
The KY-32/GRT Frequency-Shnft Keying Equipment
derives its power (about 35 watts) frox;n the TCK—4. It
adds less than 15 lbs. to the overall weight of the trans-
mitter. It is manufactured and procured under Contract
NObsr-39150. .

At present, the KY-32/GRT may be used only with
the TCK-4, and not with other models of the TCK, or
other equipments. An effort is being made, however, to
overcome this limitation.

Before installation of the new keyers, all previous

modifications to the TCK-4 transmitters, required by the
use of various coupling units made up by shipyards,
should be removed, and the transmitters restored to their
original condition. After installation of the KY-32/GRT,
all surplus coupling units, and all previous keyers used
with the TCK-4's, such as the FSA and the O-5/FR,
should be returned to the nearest Electronics Office for
BuShips distribution. -

BEARING PULLER
FOR MODEL TCK '
MOTOR-GENERATOR

It has been reported to the Bureau of Ships that
difficulty has been experienced with the bearing puller
supplied with the motor-generators of certain Model
TCK series Radio Transmitting Equipments. One such
report stated that a reasonable amount of pressure on the
puller failed to force the bearings from the shaft. The
unit in this case had to be taken to the shop for removal
of the bearings. :

All activities and vessels having Model TCK series
transmitters with motor-generators aboard are requested
to report all deficiencies of the bearing puller and any
difficulties experienced to the Bureau of Ships, Code 982.

TCS ADAPTOR UNITS

An adaptor unit is required whenever the Model
TCS Series Radio Transmitting-Receiving Equipments
are to be interconnected into the standard Navy six-
wire radio remote-control system. On all future ship-
board installations of Model TCS equipments where
an adaptor unit is necessary, the installing activity
will be required to manufacture this unit. Instructions
are detailed in the Electronics Installation Bulletin,
No. 229 (not issued to ships other than tenders) and
will also appear in the January, 1948 supplement of
the Communications Equipment Maintenance Bulletin.

CLASSIFICATION
OF PO, AND YQ
INSTRUCTION BOOKS

The “Instruction Book for Components of ~Air-
borne Early Warning System Comprising Navy Models
PO and YQ,” NavShips 900,602, and the operator’s
handbook, NavShips 900,602.2, have been reclassified
from RESTRICTED to CONFIDENTIAL, The classification of
the equipment remains RESTRICTED.
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CONDUCTORS

and RES\ISTORS

BASIC PHYSICS
PART 15

The distinction between conductors and resistors. It
has been previously shown that, in some substances, elec-
trons are able to pass readily from atom to atom and
such substances were called conductors. On the other
hand, in other substances, electrons can only be removed
with difficulty, and these substances were termed in-
sulators. However, all substances offer some resistance
to current flow and hence are not perfect conductors;
moreover, all insulating materials are conducting to some
extent, so that there are no perfect insulators. For the
most part, however, there is a marked distinction be-
tween conductors and insulators. The metals and carbon
are good conductors. Most organic and vitrcous sub-
stances are insulators—rubber, oils and insulating mate-
rials derived from vegetables, for example. Glass, quartz,
and ceramics are vitreous insulators at normal tempera-
tures, but at extremely-high temperatures become con-
ductors (in an electrolytic sense only).

The marked differences between conductors and in-
sulators may be illustrated by a few comparisons of
known substances used for conductors and insulators.
Pure copper at 207 C. has a specific resistivity of 1.72:’1
millionths of an ohm between opposite faces of a centi-
meter cube. Pure water, free of minerals, is in the inter-
mediate class with a spcniﬁc resistivity of 0.5 millionths
ohms per cubic centimeter, while hard rubber ITas a fe-
sistivity of approximatrsly 1016 ohms per cubic centi-
meter. The contrast between current flow in a conductor
and that in an insulator is emphasized when a compari-
son of the resistivity of copper is made with the re-
sistivity of hard rubber. The r;m'ol Is approxin.mtelyi
6 x 1021, which means that many millions of units of
current will flow through a copper conductor for each
unit of current that will flow through a sample of hard

rubber of similar size,

Types of electric currents, There are several kinds of
electric currents which must be reviewed and studied in
detail before developing concepts of what conductors
and insulators are. The various effects manifested by
the passage of electric current through conducting and
non-co.nducting media will be briefly reviewed and new
ideas introduced during the development of our con-
cepts.

’I'I-n'ce kinds of electric currents are recognized and
considered within the scope of this course:
1—Conduction currents,

‘ in which the electric charge is
carried by “free”

electrons mo\ring bEtWeen the
atoms and molecules of , conductor which is usu-
ally of a metalljc nature, The flow of current al-

ways produces heat because of thermal agitation, as
noted by Joule, and cays

round the conductor
Am pere,

es a magnetic field to sur-
an observation attributed to

2—Convection currents
carried by movin
such

s in which the electric charge is
& particles other than electrons,
: as the movement of positive and .negativc ions
In gases and liquids, This js known as electrolysis

\Eazrll'nen ]tln? 100 movement  takes place in liquids.
ectrolysis is always accompanied by the develop-
ment of he

. at according to Joule's Law as well as a

chemical change in ¢ither the electrodes or the elec-
trolyte.

3—Polarization currents, which are not an actual move-
ment of electrong or clectric charge throngh a sub-
sténcc, but a displacement of the clectric charges
within the molecules themselves, although the actual
total charge within the moleculcs’ continues to average
out tc_) zero. Such dfslﬁla('elnent takes place in
materials in which there

are very few “free” elec-
trons;

such materials ay¢ normally termed diclectrics,
Another type of electric current, the so-called "dis-
placement current,” g due to (hang’cs in the electric in.
duction, but is of very complicated nature and will be

developed under the subject of electromagnetic wave
propagation.

Factors affecting conduction currents. The term elec-
trical conductor is used in connection with metallic sub-
stances because of the crystalline structure of the atoms
and molecules, which permits a relatively large number
of “free” electrons to be used for the conduction of
electric charges.

The electrical resistance of any conductor is directly
proportional to the length of the conductor and in-
versely proportional to its cross-sectional area. Further,
it was found that two conductors of the same physical
dimensions will have different resistance if made of dif-
ferent substances; this effect is due to the atomic or
molecular structure and the available “free” electrons.
It is described by a quantity known as the specific
electrical vesistivity, which is defined as the resistance
offered by a cubic sample of the substance having unit
dimensions. Consequently, a conductor of length L,
cross-sectional area A, and specific resistivity p (Greek
letter “rho”), has a resistance R expressed in ohms,
which may be found by the equation:

L
R=p = i

Copper has been found to have a specific resistivity
of 1.724 millionths of an ohm, which actually means
that a specimen of copper 1 centimeter long and 1
square centimeter in cross section will offer 1.724 x 1076
ohm resistance between opposite faces of the cube.

The resistance of a metallic conductor changes with
temperature. In all metallic conductors this change is
positive or increases with temperature above a reference
temperature, and decreases as the temperature is lowered
below a reference temperature. This factor is called
the temperature coefficient of resistance, and is approxi-
mately the same for all pure metals.

If R is called the resistance of a sample at some refer-
ence temperature, usually 20° C., the resistance at a
second temperature is expressed by

R, =R + ar)

where a is a constant called the temperature coefficient
af ReraIans and 7 is the change in temperature. When
the new temperature is higher than the reference tem-
perature, the: resultant resistance will be greater, but
when the final temperature is less than the reference
temperature, the resultant resistance will be less than
the original value. | |
Certain alloys have been developed in which the
temperature cocfficient of resistance is very small; these

materials are useful for the resistance elements and

standards in laboratory and measuring instruments, in
which the resistance must remain as constant as possible.
For non-metallic substances, such as carbon, liquids and
insulating materials, the temperature coefficient is nega-
tive over certain temperature ranges.

When referring to resistance of wires of circular

cross-section, one uses a convenient unit of area called
the circular mil (abbreviated the C. M.) to express the
cross-sectional area of wires. One circular-mil is the
area of a wire of circular cross-section with a diameter
of one mil (one mil — one-thousandth of an inch).

This avoids the use of the factor —; in calculating

the area of a circle.

The resistivity of conducting materials may then- be
measured in terms of ohms per circular-mil per foot.
Thus, copper has a resistivity of 10.4 ohms/C.M./ft,
meaning that a specimen of copper 1 foot long and 1
C.M. in cross section will have a resistance of 10.4 ohms.

The following table lists the specific resistivity in
ohms per centimeter cube, and ohms per circular-mil
per foot, as well as the temperature coefficient of re-
sistance for the common types of conducting materials.

TABLE I—Resistance properties of common materials

Ohims per  Temperature

Material ~ Microbm /em? Circular mil/ft. Coefficient
Aluminum 221 19.3 .0038
Carbon 4000 24,000 —.00025

to to
7000 42,000
Constantan 49.0 295 —.00004
to

.00001

Copper 1.724 10.4 .0039
Iron 12 to 14 72 to 84 .0062
Lead 20.8 125 .0043
Manganin 43.0 258 .000002

to

.00005

Nichrome 110 660 .00017
Platinum 11.0 66 .0038
Silver 1.65 9.9 004
Tungsten 5.6 33.0 .0045
Zinc 6.1 36.7 .0037

The wtilization of conductors. The use of metallic
conductors covers a wide field and varies according to
the application. In efficient power transmission from
place to place, low resistance is necessary to minimize
losses commensurate with other factors such as the cost,
maintenance, and strength of the conductor. Although
silver has lower resistivity, copper is used because it
has the advantage of ductility, high tensile strength, is
easily soldered, and is not readily corroded by the
atmosphere. Copper has nearly as low a resistivity as
silver but is much cheaper. In spans of transmission
line where the distance is great, copper-clad steel is often
used to provide greater strength with low resistivity,
In other instances, aluminum may be used to provide a
conductor of greater radius for the same weight of wire,
in order to reduce corona and ionization of the syg.
rounding air when extremely high voltages are present.
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When the primary purpose of the electrical conductor
is to produce heat or light, as in heaters, electric lamps,
and arc lights, conductors are used whose resistance
varies from moderate-to-high (depending upon the
operating temperature). Nichrome is used in open-air
heaters, and tungsten is used in lamps, since these ap-
plications call for operation at red or white hot tem-
peratures. Carbon is used for arc lights and in electric
furnaces when the temperature is above the melting
point of most metals.

Protective fuses for electrical circuits are made of
metals having moderate resistance .and which have a
low melting point, such as lead and lead alloys, so
that the circuit may be opened in the event of current
overloads. The fuse element is constructed of thin strips
of appropriate dimensions encased in an insulating
holder of glass or fiber. The insulating case is neces-
sary to confine the arc which is produced when the
fuse element melts under overload conditions.

There are many phenomena associated with conduc-
tors and the movement of electrons within them. These
are dependent upon the way that energy is supplied,
which may be as a potential difference, or as heat, light
or mechanical utilization of the pressure caused by
sound. The various effects will be briefly explained in
order to give a better idea of the relationship between
electrons and energy.

The various effects of heat on conductors. In part 14
of Basic Physics, it was shown that an e.m.f. was gener-
ated at a junction of two dissimilar metals when heat
was applied. A thermal current produced in this manner
was dependent upon the difference in temperature be-
tween the two junctions. This behavior of conductors
under the application of heat is called the Seebeck Effect,
and is due only to the external application of heat to the
junction.

When a current is caused by an external e.m.f. to
flow in a circuit consisting of junctions between two dis-
similar wires, the junctions will react in just the opposite
manner to the Seebeck ecffect. Current flow through
the junctions will cause an inversion of the Seebeck
effect which is called the Peltier Effect, after the dis-
coverer,

The effect of external heat on a conductor carrying an
electric current was closely studied by the English scien-
tist, Thomson, later Lord Kelvin, who discovered that
an e.n.f. exists between different parts of the same
metallic conductor if the parts are at different tempera-
tures. An experimental set-up such as shown in figure 1
A copper bar of
enter by a steam

was used to demonstrate this effect.
uniform cross section was heated in the ¢
jacket and each end was left at room temperature. A
point midway between the center and each end was
found where the temperatures Were the same, and
the:mmneters were attached. When an external e.m.f.

caused current to flow through the conductor from one
end to the other, as shown, it was found that, in the
region where the current was directed from a cooler
to a hotter part of the bar (thermometer A), that
region was actually cooler than before the current flow.
The current, in palssin;gr through the region at thermome-
ter B, or from a hotter to a cooler portion of the bar,
caused that portion of the bar to become warmer than
before current flow. This effect is distinct from the
normal heating effect” due to thermal agitation by the
current flow in accordance with Joule’s Law of electrical
heating. The effect demonstrated above is now known
as the Thomson Effect.

oA STEAM ago
JACKET
e _
coLD HOT ' COLD

( CURRENT FLOW THROUGH BAR

~ EMF —

FIGURE 1—The Thomson Effect demonstrated by passing

an electric current through an unequally-heated copper
bar.

When metallic conductors are heated to incandescence
by the passage of an electric current, the electrons are
given sufficient energy to enable them to overcome the
potential barrier at the surface of the metal, and the elec-
trons leave the metal at low velocities. I,Jpon leaving,
however, energy is lost and they are then attracted back
to the m_etal. In the vicinity of the heated wire, however,
there will exist a cloud composed of electrons that are
either leaving the wire or are falling back. This charac-
teristic of electron behavior is called the Edison Effect.
In order to utilize the electrons that compose this cloud,
the heated wire is enclosed in an evacuated glass en-
velope with an anode of opposite polarity to attract the
negative clectrons.

The photoelectric effect. During the latter part of
the last century, attention was also called to the effect
of various radiations such as ultraviolet rays, infrared
rays, and ordinary light upon various metals. It was
neted that electrons were emitted under certain condi-
tions which formed a space charge similar to the Edison
Effect. The intensity of the light was found of no im-
portance in causing electron emission, but that the energy
supplied and hence the quantity of electrons depended
upon the frequency or color of the radiations. This
characteristic of certain elements is known as the photo-
electric effect. An increase in the frequency or color of

the light (infrared is at the low end), through yellow
to ultra-violet above the visible range, causes an increase
in the velocity of electron emission. A decrease in the
frequency decreases the velocity. At a limiting frequency
(which is to say, color) which is a characteristic of the
metal, the photoelectric effect disappears. ;

The metals that exhibit a photoelectric effect such as
caesium, lithium, sodium and potassium, have a limiting
threshold in the infra-red region, so that electron emis-
sion takes place throughout the visible spectrum of light.
Copper, aluminum, and zinc have a limiting threshold
in the ultra-violet region, which is above the visible spec-
trum of light.

TRANSPARENT
WINDOW

ANODE
WIRE

EXTERNAL

CAESIUM LOAD.

GOATING
ON INNER
SURFACE

FIGURE 2—Simple photoelectric cell.

The photoelectric property of these elements is utilized
in the photoelectric cell (shown in figure 2) which con-
sists of a light-sensitive surface on the inner wall of an
evacuated or gas-filled glass tube. Caesium is the most
active of the elements under illumination by visible light.
This metal is deposited as a thin layer and serves as the
cathode or source of electrons. In order to utilize the
electron emission, an anode of fine wire is also placed
in the tube. A positive potential is applied to the anode,
which attracts the electrons from the vicinity of the
cathode. These electrons constitute a current flow through
the external circuit where they are suitably amplified.
A light-transparent window is provided in either the
end of the tube or at the side to permit entry of light.

Another photoelectric property of metals depends
upon the intensity of illumination and not the color.
This is the so-called photoelectric effect. It is utilized
practically in the photoelectric cell, in which the ampli-
tude of current caused to flow will depend on the
brightness of the light source. A thermocouple such as
selenjum and iron will produce a thermal e.m.f. due to
contact alone, but when subjected to light, it was found
that the potential developed at the junction of the metals
varied in almost direct proportion to the intensity of the
light source, and the device could be employed as a
photoelectric cell. Exposure meters used in photography

utilize this principle, and are usually calibrated in terms
of intensity of illumination—foot candles, etc.

An interesting and useful aspect of the application
" of resistances is the ordinary microphone such as used in
telephone ‘mouthpieces. It consists of a capsule-like
holder partially filled with loosely-packed, minute gran-
ules of carbon. A flexible diaphragm is fitted into one
end and electrical connections are made to the diaphragm
and case with an external circuit.

Carbon has a high value of resistance, and under these
conditions the effective resistance will depend on the
closeness of contact of the surfaces between the granules
of carbon. The resistance then can be varied by pressure
applied to the flexible diaphragm, and corresponding
variations in the current flowing through the device will
result. Sound energy is converted to electrical energy
through the mechanical medium of the flexible dia-
phragm which is caused to vibrate in unison with sound.
The changes in current flow in the electrical circuit asso-
ciated with this energy-converting unit are suitably am-
plified to actuate receivers at the other end of the line.
These units are called carbon buttons.

Factors affecting convection currents. The movement
of an electric charge (current flow) by an agency other
than an electron is called convection current. These
agencies are called ions and may be either atoms or
groups of atoms which are positive ions when deficient
in one or more electrons, and negative ions when there
is an excess of one or more electrons. In metallic con-
ductors, convection currents may occur when the metal

FLEXIBLE
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FIGURE B—Sing/e carbon “button” as wsed in micro-

phones. o

is normally fluid, such as mercury, or when a metal is
in the molten state. Convection current, however, is
usually attributed to the chemical change that takes place
in the electrolyte when a current flows through a solu-
tion. Conduction of current through gases by ionization
of atoms or molecules is merely called ionization, since

ordinarily no chemical changes occur.
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Ordinary liquids are classified as intermediate con-
ductors (pure water, with a specific resistivity of one-
half megohm per cubic-centimeter is an example).
Here let us point out again that solutions of metallic
salts and acids are of the electrically-conducting kind,
while liquids of an organic nature such as oils act as

. insulators. This difference is due to the chemical nature

of the solutions. The salts and acids are easily dis-
sociated into ions which are carriers of electric current,
whereas the inorganic liquids are not dissociated to any
extent under normal conditions.

The flow of current in a liquid is always accompanied
by chemical changes in the conductor. Such conductors
are termed electrolytes, and conduction accompanied by
chemical decomposition of the electrodes or the electro-
Iyte is called electrolytic conduction. When the chemical
decomposition is caused by a current supplied by an ex-
ternal source, or caused by the current caused to flow as
a result of simple voltaic action, it is called electrolysis.

Within the electrolyte, the convection current equals
the sum of the charges transferred through any cross-
section of the solution by the two streams of ions, one
moving toward the anode and the other toward the
cathode. The conductivity of the electrolyte depends in
part upon the number of ions per unit volume of the
solution. The particular kinds of ions are in turn de-
termined by the particular kinds of elements used in
the salt or acid solution. When molecules dissociate, it
is found that the ions formed carry charges proportional
to the valence of the atom or group which forms the ion.
For example, when common salt dissociates in water,
we have:

NaCl = Na* + CI-

with each atom having a single charge. An example
of dissociation with atoms having a valence greater than
one is copper sulphate:

CuSO, = Cu** + SO,

which dissociates into a copper atom with a double posi-
tive charge and a sulfate ion with a double negative
charge.

A peculiar characteristic of an electrolyte is that under
certain conditions it may be caused to exhibit great op-
position to current flow in one direction and very little
opposition or resistance to current in the opposite direc-
tion. However, when chemically active in this manner,
the electrolyte is termed a dielectric instead of an insula-
tor or a conductor because of this two-fold nature. This
effect is a function of the potential difference that exists
across the surface between the liquid and the metal with
which it is in contact. A film of this nature is formed
chemically by the application of voltage of correct
Polarity when aluminum is used as the electrode with
an electrolyte of ammonjum phosphate. The actual sur-
face of the contact between the metal and the electrolyte

offers a low resistance to current flowing from the elec-
trolyte to the metal but, below a certain critical voltage,
the surface offers a very high resistance to current flow-
ing from metal to the electrolyte. The film in contact
then acts as a good dielectric, separating the postively
charged metal anode and the negatively charged elec-
trolyte.

Detrimental electrolytic effects. The earth is a good
conductor of electricity, not because of the inherent re-
sistivity, but because the cross-section is extremely large.
The resistance of any ground-return circuit is practically
all at the point where the current enters or leaves the
ground. The earth as a return circuit is extensively used
in power circuits, such as electric railways, but is also
supplemented by bonding the rails at each junction and
frequently connecting the rails to buried copper cables.
The supplementary ground return is used to offset sev-
eral detrimental effects in utilizing the ground as a re-
turn circuit. :

No harm is done in an 'earth-ground-return circuit
unless the currents find their way into and follow water
pipes or buried metal telephone and electric cables. At
a point where the current enters such a pipe or cable,
the metal acts as the cathode of an electrolytic cell and
therefore is not affected chemically, but at the points
where the current leaves the pipe to return to ground,
the metal acts like an anode and is decomposed by elec-
trolysis. The electrolyte for such chemical action is due
to the presence of salts, or alkaline or acid content in
moist earth.

Electrolysis of water pipes can be discovered and re-
paired, but electrolysis of the reinforcing rods in con-
crete structures is likely to remain undiscovered until
the structure collapses. Junctions of iron and brass or
copper pipes are especially susceptible to chemical de-
composition because the metals form the electrodes of a
voltaic cell and the dissolved salts and minerals in the
water act as the electrolyte. This combination causes
chemical decomposition of the iron pipe with subsequent
damage to the joint.

In electrical circuits, particularly aboard ship, the
moist salt air acts as an electrolyte between contacts and
junctions of dissimilar metals. Faulty contact, noisy con-
nections, and effective increases in the resistance of con-
tact result. Corrosion of various parts of antenna in-
stallations may be accelerated by the electrolytic action
provided by contact with salt water,

The conduction of electricity through gases. If the
molecules in air could be kept intact, air would be a per-
fect non-conductor of electricity, but due to the sun's
rays, cosmic rays from distant stars, and local electrical
disturbances on the earth, the molecules are ionized—
split into positive and negative ions. Electricity is trans-
ferred whenever ions move toward charged bodies of the

FIGURE 4—Comparative electrostatic fields exisiing be-
tween charged bodies of different contours.

opposite sign. This constitutes an electric current, whose

magnitude is determined by the potential gra}dier}t along
the path of ion flow and by the rate at which ions are
set free within any given volume of air. i
When a potential difference exists befween two bo |es:j,
any stray charges in the gas space will be accelerate
toward the body of opposite sign; electr.ops and negz;—
tively charged ions of gas go to the positively charge
body and positive ions are attractfed by the body of ne;ga;i
tive polarity. The energy vaulr(::d. by t]'le accelerale
charges will be dissipated in collisions with gas mole-

e has sufficient energy, it will

d if the charg fascd
?;:SZ; z:: split up a gas molecule upon collldmg.' The
ions into which a neutral molecule has been split are

charged, of coursé, and each will be aFtracFed toward the
electrode with the potential of opposite sign.

Thus, a process of ionization started by a smgle stray
electron will continue as long as a potential difference
is maintained. It is particularly to be noted tbat t‘he
mechanism of ionization in a gaseous medium is quite
different from that in the case of electrolytic conduction.
In a gas, ionization is caused by collision between elec-

trons and ions, or between ions and molecules, while in
a liquid medium, ionization is the direct result of a
chemical action called dissociation.

Conduction through gas at reduced pressure. The
passage of an electric current through gas at pressures
below that of the atmosphere is initiated and sustained
by the movement of electrons and negative gas ions
toward the electrode that is positive. Positive ions move
to the negative electrode. Under conditions of reduced
pressure, such as partially-evacuated enclosed tubes, how-
ever, ionization will cause a characteristic glow depend-
ing upon the type of gas used. Neon- and argon-filled
tubes used for display purposes and fluorescent tubes
used for lighting purposes all utilize this principle.

Since an electron leaves an electrode with practically
zero velocity, it will be immediately attracted by the posi-
tive electrode, and will gain velocity as it travels toward
the anode. When the gas pressure is reduced, there are
fewer molecules of gas present, and the electron will at-
tain a greater velocity before striking a molecule to pro-
duce ionization—which effectively reduces the potential
required to produce ionization. All along the length of
the tube, electrons strike gas molecules and thereby pro-
duce the visible glow.

Ionization paths in air. The phenomena of gaseous
ionization vary with the potential difference applied
across the gas-filled space. Therefore, it is necessary
that the electrostatic field be considered. As already
shown under the subject of electrostatics, the concentra-
tion of the flux lines will depend to a great extent upon
the surfaces presented by the charged bodies. Figure 4
compares the concentrations of the flux lines in the elec-
trostatic fields between various combinations of surfaces.
Note that the concentration of the lines of flux per unit
area close to the surface of a charged body become
greater as the surface becomes more curved (that is to
say, approaches a pointed shape).

Ionization may occur in ordinary air near conductors
not enclosed in an evacuated space. The first indication
of such ionization of the surrounding air is usually the
appearance of thin bluish or purplish streamers issuing
from the area of greatest field concentration. This is ac-
companied by a hiss or faint crackling noise as well as
the familiar odor of ozone (produced by certain chemi-
cal changes in the air along the ionization path). Such
a discharge, caused by ionization, and evidenced by the
strcamers, is sometimes called a brush discharge or
corona when it occurs in the air over a relatively large
area of a charged surface or wire. When the magnitude
of the electrostatic field reaches a critical value, a spark
will jump the intervening space.

Under certain atmospheric conditions, clouds accumy.
late electric charges through the contact of electrically-
dissimilar layers of air or the fall of negatively-charged
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raindrops. A difference of potential will then exist be-
tween such clouds and the earth’s surface (which is
generally neutral or negatively charged). When the
potential difference is great enough, the entire air path
between the cloud and earth will ionize and a disruptive
discharge takes place as a stroke of lightning.

ELECTROSXTATIG

EARTH

FIGURE S—Electrostatic fields between charged cloud
and representative pointed and curved surfaces on the
earth.

Figure 5 illustrates the electrostatic field concentra-
tion between a charged cloud and two representative ob-
jects on the earth’s surface. One is a pointed object
similar to smokestacks, towers, and tall buildings, while
the rounded object represents large low structures of
great surface area. An examination of the flux concen-
tration will show that the lightning discharge is more
likely to occur between the cloud and the pointed object
than with the rounded object. This is due to the greater
charge and hence potential difference that exists between
the cloud and the pointed object.

This principle is utilized in the familiar lightning rod.
Sharp, pointed rods are employed, and are installed at
a higher elevation than that of the structure to be pro-
tected. The rods are equipped with heavy conducting
cables that by-pass the structure and are electrically se-
cured to a good ground connection. Protection against
lightning is provided by the tendency of the ionization
path to form between the charged cloud and the ligl?t—
ning rod, rather than to the structure, When such dis-
charge takes place, the discharge current is safely con-
ducted to the ground through the connecting cable, and
the structure is not harmed.

Losses due to ionization. High-voltage transmission

lines and their insulating supports suffer corona losses

due to ionization of the surrounding air. These losses

are also a source of troublesome radio interference, the
same as lightning causes, but on a much smaller scale.
In practice, ionization is reduced by the use of conduc-
tors of large diameter, which reduce the electrostatic
field and thus minimize corona losses. Aluminum is

often used in preference to copper, because its lightness
allows the use of larger-diameter wire for transmission
of high voltages.

An example of the industrial use of ionization is in
the reduction or removal of smoke. A wire of small
diameter is usually suspended vertically in the center of
smokestacks, and the wire is maintained at a high nega-
tive potential. Smoke and dust particles are usually
charged negatively, and therefore are repelled by the
field about the charged wire and are deposited on the
inner walls of the stacks.

Polarization currents. In gases, where there are few
“free” electrons, and in solids in which the electrons
are not readily detachable from the atoms under the in-
fAuence of a potential difference, there is little drift of
electrons such as occurs in a conductor. The electrons
merely undergo a slight shift or displacement. Such a
shift, of course, is still a motion of charges and hence
a current, and is called a polarization current.

Dielectric strength. When electrostatic phenomena are
being considered, the medium between two conductors
or charged bodies is called a dielectric. The dielectric
properties of a medium are determined by the relation-
ship between electrostatic lines and potential difference.
On the other hand, the insulating properties of this
same medium are determined by the relationship be-
tween current flow and potential difference. Practical
materials used as dielectrics show the polarization shift
referred to above.

No matter how much current flows in a conductor,
it is not injured mechanically, provided it is kept below
the melting point. Dielectric media, however, have the
property of permitting only a limited number of electro-
static lines per unit area without rupture occurring.
When the electrostatic flux density exceeds this limiting
value, the force is then great enough to overcome the
attraction between the atom and its outer electrons. This
results in a rupture followed by a dynamic arc that burns
and chars solid material,

The ability to resist dielectric breakdown is called the
dielectric strength of a material and is expressed in
volts per unit thickness, For example: Dry air averages
3,000 volts per millimeter as compared to rubber, whose
dielectric strength is 16,000 volts per millimeter. Dry
air is not so good as a dielectric as far as flash-over is
concerned, but it is one of the best insulators because,
unless it is ionized, there are very few "free” electrons
present.  When diclectric breakdown does occur, there
is no permanent injury to the medium such as occurs in
a solid dielectric medium.

Table II gives the comparative diclectric strength in
terms of volts required to cause rupture of the material,
These are values obtained under ideal conditions in which
the material is in the form of a sheet between flat,
parallel, charged plates.

TABLE II—Dielectric strength of common dielectrics

Substance Voltage Breakdown
in Kilovolts per Cm

Air, dry 75

Ebonite 300

Fiber 20

Glass 300 to 1500

Linen, varnished 100 to 200

Mica, solid 300 to 700

Mica, laminated 1500 to 2000

Paper, beeswaxed 770
Paper, varnished 100 to 250
Rubber 160 to 500

Insulators. A knowledge of the behavior of electro-
static charges and fields is required for the design and
application of high voltage insulation, because the con-
centration of electrostatic lines of force determines the
limits of the potential difference that may be applied
across an insulator. By comparing the field concentration
that results from the physical shape of the charged
bodies as shown in figure 5 with the dielectric strengths
of various insulating materials as listed in Table II, the
preliminary design specifications of any given insulator
may be determined. Other factors, of course, such as
operating ranges of temperature, humidity, cost, mainte-
nance, durability, and strength must also be considered.

Ordinarily it is stated that current flows in a wire be-
cause it is a good conductor. This is true, but wires are
used because we wish to conduct current efficiently along
a confined or restricted path. The high conductivity of
the wire will give us good efficiency of conduction in the
wire, but, in order to restrict the current to the desired
path, it is necessary to surround that wire with a good
insulator. This insulation may be provided by an insula-
tor such as rubber, glass, or porcelain supports, or the
surrounding air itself. Insulators and types of insulation
are of great importance, because they actually touch the
energized wires, and serve to protect equipment and
servicing personnel.

Since the insulation material is always in the electric
field produced by the voltage existing between conduc-
tors, or between the conductors and other objects at
different potentiais, the dielectric strength or voltage
break-down must be considered. As already mentioned,
Table 1I gives representative values of break-down volt-
ages for the more commonly-encountered types of in-
sulating materials.

As has been emphasized in previous pages, a material
is a good conductor if it contains many “free” electrons.
A material will be good for resistors if it contains rela-
tively few “free” electrons and has a low temperature
coefficient of resistance, which keeps its resistance nearly
constant as it heats. A material is classified as a good
insulator if it has very few “free” electrons, so that only

a very-small current can flow even if a fairly large po-
tential is applied. Of course, many other characteristics
enter into determining the qualities of a material as an
insulator, but from the “elementary-electron’ viewpoint,
all that is necessary is that there be very few “free” elec-
trons, and that the application of a potential difference
will not liberate, within the material, a sufficient quantity
of electrons to carry a current and destroy the property
of insulation.

Leakage paths on insulators. When current flows
through a conductor, the metal offers such a good con-
ducting path between surfaces that the current flow on the
surface is negligible as compared to the flow through
the volume of the conductor. When we consider, how-
ever, the current flow through an insulator, we must also
consider the current path over the surface as well as
the path through the insulator itself. The flow of cur-
rent or leakage current over the surface of an insulating
material may often exceed the flow of current through
the material. The leakage path is usually due to mois-
ture and impurities on the surface such as salt spray
(ETM’s please note!), soot, smoke, or dust,

TIE WIRE
GLAZED
Tt
BELL
PATH INSULATOR

STEEL
SUPPORT PIN

FIGURE G—Dielectric and surface leakage paths for the
common bi gb-wirage-type insulator.

A method of overcoming the reduction in insulation
resistance because of leakage paths may be simply illus-
trated by taking as an example the‘ordinary high-voltage-
type support-insulator. The physxcal_sixape .of such an
insulator is that of a bell with an additional inner fluted
skirt. This type of construction pt.‘rmits a very long sur-
face path in comparison to the dlrec_t path thrpugh the
dielectric. Figure 6 shows a Cross section of the insulator,
enabling a visual comparison t0 be made be:twee.n the
direct path through the insulator from the tie-point to
the support-pin, and the surface path between the same
points. The bell-like shape also ten‘ds to keep the inner
path as dry as possible, and the entire surfzice of the in-
sulator is made water-proof to exclude moisture, which
might act as an electrolyte and increase the surface

leakage.
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