


























































































































































































































































































































































































































































































































































































































412 THE BELL SYSTEM TECHNICAL JOURNAL, APRIL 1951

denser will remain charged approximately to the instantaneous peak value
of the input wave, which is the envelope of the input. The transistor circuit
works in a similar way. When the input current is positive, the circuit be-
haves like a cathode follower, and a current is sent through the inductor L
which is approximately equal to the input current. When the input current
falls, the emitter current rises, and the collector presents a low impedance.
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Fig. 22—Plate modulator and dual.
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Fig. 23—Constant current modulator and dual.

The current through the inductor then decays slowly through the load and
the low collector impedance. Each time the input signal has a positive peak,
the effect is to draw a large current through the inductor, which persists dur-
ing the rest of the cycle.

The dual of the infinite impedance detector is not a very attractive circuit,
because the transformer must act for the carrier frequency as well as for
the envelope frequencies.

Tigures 22, 23, 24, 25, 26 and 27 show various amplitude modulator
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circuits and their duals. These have as their object the production of a carrier
frequency wave with a given envelope.

Iigure 22 shows a plate modulator and its dual. This circuit makes use
of the fact that the output of a class C amplifier is proportional approximately
to the plate supply voltage. In 22(a) the vacuum tube acts as a class C ampli-
fier amplifying the carrier frequency wave, and the supply voltage is varied

z!

(b)

Tig. 24—Modified constant current modulator and dual.
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Tig. 25—Grid modulator and dual.

by adding to it the modulating voltage. The peak output voltage thus varies
with the modulating voltage. The dual transistor circuit, 22(b), is also a
class C amplifier, with its collector supply current varied by the addition of
a modulating current. The output is proportional approximately to the total
supply current, and hence varies with the modulating current.

Figure 23(a) shows a particular embodiment of the plate modulator which
is called a constant current modulator, because the total supply current to
the two tubes in the circuit is (approximately) constant. It is easier to ex-
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plain this circuit by saying that the output of class C amplifier is propor-
tional to the supply current. Two tubes, one a sort of audio amplifier and
one a class C amplifier, are connected in parallel to a single constant current
power supply consisting of a battery in series with a large inductor. The

o AF O-
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TR
Sy
) (b)
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(b)

Fig. 27—General balanced modulator and dual.

class C amplifier can use only the current not used by the modulator tube,
and hence its output varies inversely with the plate current of, and hence
inversely with the grid voltage of, the modulator tube. The dual, Fig. 23(b),
consists of a class C transistor amplifier in series with a class A modulator
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transistor, connected to a source of constant voltage approximated here by
a constant current supply in parallel with a large capacitor. The voltage
available for the operation of the class C amplifier is the difference between
the supply voltage and the collector voltage of the modulator transistor.
Inasmuch as the output of the class C amplifier is proportional to its supply
voltage, it is clear that the output will vary directly with the emitter current
of the modulator transistor.

Both the vacuum tube and transistor circuit of Fig. 23 suffer because the
modulator element can never take all of the available power supply voltage
or current, and hence 1009, modulation cannot be attained. The circuits of
Fig. 24 correct this defect with a transformer, which amplifies slightly the
variations in current or voltage in the modulator element. In both circuits
ns > n1, and the total supply current or voltage is no longer constant, but
it is nearly so.

Figure 25 shows a grid modulator and its dual. Here the non-linearity of
the transfer characteristics in the neighborhood of the cutoff point is made
use of directly to produce modulation products. The tube is biased approxi-
mately to plate current cutoff, and the transistor approximately to collector
voltage cutoff. The desired modulation products are selected by a tuned
circuit.

TFigure 26 shows a cathode modulator and its dual. These circuits combine
some of the features of the grid modulator and of the plate modulator. Un-
fortunately the phase relationships are such in the transistor circuit that
a transformer is required, and this transformer must be able to pass modula-
tion frequencies as well as carrier frequencies.

The circuits of Fig. 25 and Fig. 26 can be operated as large-signal devices,
using the gross non-linearities of the circuits to produce modulation products,
or as small-signal devices, when they operate as ‘square law’ devices. They
can, moreover, be combined to form various push-pull or balanced modula-
tors. An example of such a circuit is shown in Fig. 27(a). This circuit has
two inputs and two outputs. If it is operated as a square-law device the rela-
tions between the input and output frequencies will be as follows:

Inpus Output
1 2 1 2
a — 2a, a
— a a, 2a —
a b b, 2b, 2a a, a+b, a~b
a, b —_ 2a, 2b, a-+b, a-b a, b
— a, b a, b, 2a, 2b, a+b, a-b —

The same relations hold for the dual circuit, Fig. 27(b). The action of the
dual circuit is analogous to that of the vacuum tube circuit. It is a two-
transistor circuit operated at the same time as a push-pull circuit and as two
transistors in series, in phase. At various points in the circuit certain com-
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ponents of the signal are zero because of the symmetries of the circuit. Notice
that the dual of two vacuum tubes in parallel is two transistors in series.

Figure 28 shows a modulator which bears the same relation to the mod-
ulator of Reise and Skene (U. S. Patent 2,226,258) that the amplifier of
Fig. 11 of the test bears to the Doherty amplifier. The carrier wave is fed
into the tube and the transistor in the same way that the signal is fed into
the amplifier, and the modulating signal is fed into the grid and the emiiter
through the transformers AF; and AF7; . The effect of the modulating signal
is to vary the biases of the active elements. Inasmuch as both elements are
used as class B or C amplifiers, their outputs are dependent on their biases

pAST.

Fig. 28—High efficiency modulator.
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Fig. 29—Hartley oscillator and dual.

If the RI signal is large enough, and if the phases and turns ratios of the
transformers are carefully chosen, the amplitude of the output will be nearly
proportional to the modulating signal. A similar modulator can be based
on the circuit of Fig. 10.

Figure 29 shows a Hartley oscillator and its dual. The configuration of
elements in the Hartley oscillator may seem unfamiliar, but is chosen de-
liberately to emphasize the point of view that the Hartley oscillator is an
amplifier with feedback through a coupling network. The part of the circuit
enclosed in dotted lines is the coupling network. The dual circuit is also an
amplifier with a coupling network, but because of the fact that the vacuum
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tube has an inherent phase reversal and the transistor has not, an extra
transformer is needed in the coupling network. It is conveniently placed as
shown, where it can be combined with the inductor. The input circuits to the
amplifiers have self bias circuits which have already been described.

The Colpitts oscillator is similar to the Hartley oscillator. The difference
lies in the coupling circuit. Figure 30 shows the coupling circuit for the
Colpitts oscillator and its dual. The tuned-plate tuned-grid oscillator can be
treated in exactly the same way.

TT T

(a)
Tig. 30—Colpitts coupling network and dual.
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Fig. 31—Transistor oscillator coupling networks.

The coupling circuits used in successful vacuum tube oscillators are char-
acterized by having a phase shift of 180°. This can be done with structures
like low- or high-pass filter sections, by R-C networks, and in other ways.
On the other hand, the coupling network required for a good transistor os-
cillator must have zero (or 360°) phase shift. It is therefore probably
most easily arrived at by designing a 180° phase shifting network and add-
ing a phase inverting transformer. Two simple coupling networks which
have zero phase shift are shown in Fig. 31. These are both band-pass struc-
tures which lead to oscillation in the pass band. Of the two, the network of
Fig. 31(b) gives 2 more rapid change of phase with frequency and hence leads
to a more stable oscillator. In addition, this circuit has the potential ad-
vantage of providing means for matching impedances.



Some Design Features of the N-1 Carrier Telephone System
By W. E. KAHL and L. PEDERSEN

INTRODUCTION

The economies which result from sharing the cost of line facilities among
a number of channels, and the transmission advantages of carrier circuits
(in the form of high speed transmission which minimizes delay and echo
effects, low net loss and high quality), have combined to bring about a
revolution in long distance telephony. Whereas fifteen years ago only 8%,
of the toll circuit mileage of the Bell System was furnished by carrier, today
carrier circuits comprise about two-thirds of the total mileage. The mini-
mum distance, however, for which carrier can economically replace voice
frequency transmission has been limited by the cost of the carrier equip-
ment, the cost of line treatment, the expense of installation and associated
job engineering, and the maintenance effort required. As a result, the shorter
toll circuits, relatively large in number though not in circuit mileage, have
continued to operate at voice frequency. The newly developed Type N-1
Carrier Telephone System is aimed primarily at expanding the application
for carrier into this field of short haul service. As explained elsewhere!, it
is designed to obtain the advantages of carrier for toll and exchange cable
circuits for lengths a small fraction of the previous economic minimum.

Many system and circuit features contribute to this end. There are 12
channels per system with 8 kc spacing between carriers. The carrier and
both sidebands are transmitted. All of the pairs in a single cable can be
used for Type N without special cable treatment. Repeaters are spaced
6 to 8 miles apart depending upon the gauge of the cable conductors. Power
is fed over the cable pairs to two out of every three repeaters, which can be
pole mounted. Different frequency bands on different pairs in the same
cable are used for opposite directions of transmission, 44-140 kc in one
direction, and 164-260 kc in the other. The frequency bands are interchanged
and inverted at each repeater to avoid important types of crosstalk, and to
provide automatic equalization of attenuation slope. Compandors, built
into the channel terminals, raise the lower speech volumes prior to transmis-
sion and restore them after reception, thereby minimizing the severity of
crosstalk and noise problems on the line and in the terminals. An out-of-
band signaling channel immediately above the speech band is provided by
built-in equipment.

L “The Type N-1 Carrier Telephone System: Objectives and Transmission Features,”
R. S. Caruthers, January 1951 issue of this Journal.
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Important as these new system and circuit techniques are, they could not
in themselves accomplish the objectives of small manufacturing cost, mini-
mum engineering by the customer, ease of installation, and substantial
dimunition of maintenance effort. Contributing in large measure to the
overall success of the Type N System are new and interdependent features
in the components and equipment, which in combination represent a com-
plete transformation from the past. Miniaturized components and improved
assembly techniques yield large reductions in size and weight. Unitized
construction with packaged sub-assemblies not only simplifies installation,
but greatly facilitates the finding and correction of trouble, permitting
shipment of defective units to a central point for overhauling and thereby-
making it possible to maintain the working equipment with plant personnel
not highly trained in carrier techniques. A further contribution to ease of
maintenance has been made in various instances by extension of the life
of components in order to avoid the necessity for frequent replacement.
These and other features of the Type N equipment are described in this
paper, which discusses first the components and their characteristics, and
then the design of the equipment assembly.

RESIsSTORS, CAPACITORS, AND INDUCTORS |

The circuit arrangements of the N-1 System have been designed with
adequate margins to permit generous use of the low cost, small capacitors,
resistors and potentiometers in commercial manufacture. Deposited carbon
resistors find application where high circuit precision is necessary, while
vitreous enamel coated resistors are used where higher power dissipation is
required.

Capacitances of several microfarads or more must be compressed into a
small volume for miniaturized equipment. Aluminum electrolytic capacitors,
which have been used for this purpose, have limited life due to the suscepti-
bility of aluminum to corrosion by common reagents and contaminants.
In the Type N System, high capacity, long life tantalum electrolytic capa-
citors of both polar and non-polar types find their first Bell System ap-
plication?. These tantalum capacitors are considerably smaller than the
aluminum type. Two types of tantalum capacitors are used. In the sintered
type the anode is made by pressing powdered tantalum into a compact shape
and then sintering in a vacuum furnace to weld the powder particles. This
creates a porous mass in which a relatively large surface area is exposed
for oxide film formation, and hence a large capacitance per unit volume of
material is obtained. In the foil type, two foil electrodes are wound in the
conventional manner into a cylindrical unit with a paper separator. Size

2 “Tantalum Electrolytic Capacitors,” M. Whitehead, Bell Laboratories Record, October
1950.
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reduction is realized for this type since the high tensile strength of tantalum
permits manufacture using very thin foil. From the measured stability of
the tantalum oxide film, and from the known immunity of tantalum to at-
tack by acid reagents, it is concluded that the life of a tantalum electrolytic
capacitor will be several times that of the corresponding aluminum electro-
lytic capacitor. Three capacitance ratings are in production for use in the

Fig. 1—Tantalum capacitors. Upper: Sintered type, 4 mf/60 volt polar; Lower: Foil
: type, 1 mf/150 volt nonpolar.

N-1 System: one of the sintered construction, 4 mf/60 volts polar; and two -
of the foil construction, 1 mf/150 volts polar and 1 mf/150 volts non-polar.
Examples of these capacitors are illustrated in Fig. 1.

The inductors employed in the Type N System are of several types.
Two toroidal type inductors, each wound over a small low cost molybdenum
permalloy dust core, are used in the voice frequency filters and in battery
supply leads. Individually mounted duo-lateral wound inductors find ap-
plication in interstage networks. Two duo-lateral type inductors wound on
a common molded phenolic core tube are used in carrier frequency filters.
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Adjustable magnetic cores are used with these latter inductors to facilitate
precise tuning with associated capacitors. The mutual inductance inherent
between inductors wound in this manner is desired in the case of the channel
band filters. In the high and low pass carrier frequency filters, where the
effect of mutual inductance is detrimental to filter performance, a small
inexpensive inductor is added to annul this mutual. This inductor comprises

Fig. 2—Various types of inductors used in the N-1 carrier telephone system.

a parallel pair duo-lateral winding on a solenoidal iron dust core. Figure 2
illustrates some of the inductors used in the system.

TRANSFORMERS

In the transformer designs used in the system both miniaturization and
low cost are attained through the use of few parts and common parts wher-
ever possible, improved manufacturing techniques allowing the use of much
finer wire than heretofore practical, and multiple-winding methods for all
designs. For the voice and signaling circuit transformers, where there is no
superimposed direct current flowing through the windings, the core struc-
ture consists of interleaved “E” and “I” permalloy laminations. For the
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case where superimposed direct current is flowing in the windings, the core
structure is formed by a wrap-around assembly of several strips of permal-

Iig. 3—Voice, signaling and carrier frequency transformers.

loy tape and a stack-up of “I” laminations. One of the signaling frequency
transformers is an adaptation of the type used in hearing aids which was
modified to make it suitable for Bell System use.
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The carrier frequency transformers also exemplify small size. They are
alike in structure, employing acetate filled windings assembled over small
toroidal molybdenum permalloy dust cores which are broken in half to
accept the winding assembly and cemented together again. The winding
and core assembly is supported from the terminals which are molded into
the cover plate. This construction method further simplifies fabrication by
eliminating the need of intermediate lead wires from the winding assembly,
the fine wire of the windings being connected directly to the transformer
terminals.

All transformers are housed in drawn aluminum cases and are equipped
with threaded metal inserts in the covers for mounting. Construction fea-
tures of the various transformers are shown in Iiig. 3.

Fig. 4—Quartz crystal units used for carrier frequency oscillator control.

CRYSTALS

The 12-channel carrier frequencies required for the system are supplied
by quartz-crystal controlled oscillators covering the range of 168 kc to
256 kc in 8 kc steps. These crystals are +5° X cut quartz plates operated
in a fundamental extensional mode, with gold electrodes plated on the
major surfaces, wire mounted and hermetically sealed in metal holders with
mounting leads. The crystal used to control the 304 kc carrier supply oscil-
lator for the group modulator is a DT quartz crystal plate operating in the
shear mode, otherwise similar to the crystals for the channel frequencies.
The two designs are shown in Iig. 4.

VARISTORS

Nearly eight hundred small germanium varistors are used as circuit ele-
ments in the two terminals of an N-1 system. Slightly more than half of this
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number are used as single elements to perform such functions as vario-
losser bias control, rectifier, channel demodulator, keyer for signaling fre-
quency, voltage doubler in the signaling circuit and current divider in the
expandor circuit. The remainder are assembled into three groups of care-

GERMANIUM WAFER

TERM!NALJ : LTERMINAL
SLEEVE Sl - I : SLEEVE
g i EVE

MOLDED POINT

SHELL  ASSEMBLY

Tig. 5—Germanium varistors. Lower right: Germanium varistor unit with an exploded
view directly above; Top: Magnified cross section of the same unit. The functional ele-
ments are a wafer of germanium which is soldered to the fluted pin at the left and the
“S” shaped tungsten wire in the pin at the right. The rectifying junction produced under
the tungsten point contact with the specially prepared germanium surface is the seat of
the non-linear resistance characteristic. Lower left: Vario-losser assembly.

fully selected units, for use as the channel modulator, the compressor vario-
losser and the expandor vario-losser respectively. The germanium varistor
unit is shown at the lower right of Fig. 5.

The compandor vario-losser varistors are of special interest because of the
important function they perform and the way in which the desired close
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limit non-linear characteristic is obtained. At the left of Fig. 5 is a view of
the compressor vario-losser assembly and extending to the right the com-
ponents from which it is constructed. Similar construction is used for the
expandor and channel modulator units. The vario-losser units function by
virtue of the fact that their a-c impedance can be varied and closely con-
trolled by a d-c bias. Consequently, when made a part of a suitable network
and controlled by a d-c bias proportional to the signal level, the compressor,
which comprises four varistor elements, can be made to increase its attenua-
tion as the signal increases; while in a different network, the expandor,
which comprises six varistor elements, can be made to decrease its attenua-
tion with increasing signal. The close degree to which the compressor and
expandor characteristics must complement each other makes it necessary to
use varistor elements that are very precisely controlled as to their a-c im-
pedance at specific values of bias current. This is accomplished by careful
selection of elements which comprise only a fraction of the total distribution
of characteristics produced and then grouping these selected units into as-
semblies as illustrated. These selected groups must then pass transmission
requirements which are directly related to the compandor. performance.

The channel modulator is also composed of selected germanium varistors
but, unlike the vario-lossers, the modulators do not all have to be substan-
tially alike. It is sufficient that the four elements comprising any one modu-
lator be alike to control the carrier leak. One modulator may then differ
considerably from another in impedance.

Copper oxide instead of germanium varistors are used in the group modu-
lators at terminals and repeaters because their lower impedance level and
somewhat lower noise figure give better performance in these circuits.

THERMISTORS

A thermistor, which introduces a large change of resistance with tempera-
ture, is used to regulate the gain of the repeaters and group amplifiers.
The thermistor element is a tiny pellet of semi-conducting oxides which is
equipped with lead wires, a glass coating and an insulated heater. This
whole assemblage, which is less than a tenth of an inch in diameter, is
covered with a bright gold coating and enclosed in an evacuated glass tube
to reduce heat losses. A network consisting of a thermistor disc and two
wire wound resistors, and tailor-made on the basis of precision measure-
ments on the individual thermistor and heater, is included in the assembly
to serve as a contactless thermostat for the power sensitive thermistor
pellet so that the resistance of the latter is wholly under the control of
transmission currents. The thermostat network also serves to adjust the
pellet to standard characteristics, thus avoiding impracticable close toler-
ances on the basic dimensions and heat treatment processes during manu-
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facture. The complete thermistor illustrated in Fig. 6 has less than one-
third .the volume of the corresponding thermistor used in the earlier K2
carrier system and as a result of design refinements will operate on less
transmission power.

Tlig. 6—Thermistor assembly used for gain regulation of repeater and group amplifiers

F1LTERS AND EQUALIZERS

Filter and equalizer assemblies required in any system usually are the
largest apparatus items and they vary considerably in size due to the dif-
ferences in the type and number of circuit components needed to provide
the desired performance characteristics. Although smaller components shrink
the dimensions of these assemblies correspondingly, they are still incompat-
ible with the dimensions of other apparatus items. It was decided, after
study of the different circuit configurations and circuit elements needed
for the N-1 System, to divide up the more complicated networks for as-
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sembly into several units which could be connected together in the equip-
ment assemblies. The more complicated filters and equalizers thus are com-
prised of two or more such units. Except for the signaling frequency filter
the unit assemblies for all filters and equalizers in the system have the same
housing and the same mounting facilities. This division of filters and equal-
izers into combinations of externally identical units permits more efficient

Tig. 7—Filter units. Upper left: Voice frequency unit; Upper right: Carrier frequency
Unit; Center: Common parts, voice and carrier frequency units; Lower: 3700-cycle signal
frequency filter.

use of space in equipment assemblies and is instrumental in lower manufac-
turing costs by utilization of common assembly details.

The unit assembly details consist of a drawn aluminum shield can equipped
with mounting lugs and a cage type framework comprising two molded
phenol end plates held together by four corner rods which also serve as
four of the eight available terminals in the terminal side end plate. In the
carrier frequency units, two duo-lateral type inductors wound on a common
phenolic core tube are held in place by means of keyed recesses in the end
plates. A threaded insert in each of the end plates supports the magnetic
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tuning slug associated with each inductor. In the voice frequency units,
which use toroidal molybdenum permalloy core inductors, these same
threaded inserts accept the machine screw which supports the inductors.
The associated capacitors and resistors support themselves from their leads
after connection to the unit terminals. Carrier and voice frequency units
are illustrated in Fig. 7.

Carrier Frequency Unils

There are seventeen designs of carrier frequency filters: twelve channel
band filters (each comprising two identical units) for use in the terminal
equipment, a high-pass input filter (two different units) and a low-pass
group modulator output filter (two different units) for use in High-Low
repeaters, a low-pass input filter (one unit) and a broadband group modu-
lator output filter (three different units) for use in Low-High repeaters, and
a low-pass group modulator filter (one unit) for use at low group trans-
mitting terminals.

The channel band filters are designed to utilize the mutual inductance
between inductors, the bandwidth being a function of the coupling factor,
and are schematically all alike. Channel separation by means of filters is
required only at the receiving terminal. It was decided to do this separation
only in the high frequency range. The use of one range required only 12
channel filter designs instead of 24, with resultant lower costs because of
the doubling of the demand for each design. The upper frequency range
was chosen: (1) because less mutual inductance is required and, since this
causes the inductors to be farther apart, better control of the mutual in-
ductance value can be realized; and (2) because it reduced capacitance
values and resultant cost. The designs are such that the corresponding
inductor windings are identical for all twelve channels, while the distance
between windings, which controls the coupling factor, and the associated
capacitors are different for each channel. Modifications made on standard
duo-lateral type winding machines have made it possible to eliminate any
adjustment of the coupling factor, which is held to 39, limits by dimen-
sional control only. :

The high- and low-pass filters are of conventional configurations. The
effect of mutual inductance in these circuits is to degrade performance by
causing excessive distortion in passbands, displace attenuation peaks and
limit otherwise realizable loss in the attenuating band. In order to utilize
the same assembly methods as for the channel filters and to avoid the need
for shielding schematically adjacent inductors, a small inductor is used to
annul the unwanted mutual inductance. This inductor has two identical
windings with nearly perfect coupling, so that the self inductance of each
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winding and the paralle] aiding inductance value are equal to the mutual
inductance value to be annulled. If the loosely coupled windings of the
main inductors are connected in series aiding, then interposing the windings
of the annuling inductor in a series opposing fashion has the effect of adding
nothing to the inductance of the main windings plus mutual but annuls
the mutual in the equivalent T circuit. This is illustrated schematically in

Tig. 8.
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Tig. 8—Schematic illustrating the effect of introducing a mutual nulling inductor.

Three designs of carrier frequency equalizers are used in the system. Two
of these provide the means for equalizing the slope of one cable span, amount-
ing to approximately 14 db. The equalization is divided between the trans-
mitting terminal (pre-equalization) and the receiving terminal (post-equal-
ization) in order to minimize the effect of noise introduced along the cable.
The third equalizer is designed to compensate for the accumulated small
systematic distortions introduced by the cable spans and repeaters. This
“deviation” equalizer is required only on the longer systems involving ap-
proximately 10 or more repeaters. Each of these three equalizers comprise
2 units similar in assembly to the carrier filters.
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Voice Frequency Unils

Two designs of voice frequency low-pass filters (one unit each) are used
in the transmitter modulator input and the receiver demodulator output
in each channel. The modulator filter limits the range of voice frequencies

Fig. 9—(a) Operator inserting test filter in jig. Traces appearing on the cathode ray
tube are the characteristic of a reference filter and two reference discrimination levels.
The lower trace represents transmission in the test path, which circuit has not yet been
completed. (b) Unadjusted filter characteristic appears on lower trace. (c) Adjustment
completed, mid-band loss level being checked for limits. (d) Close-up of cathode ray tube
which shows characteristic of filter under test coinciding with the characteristic of the
reference filter.

to be modulated and provides suppression against 3700 cycle voice fre-
quency interference into the signaling circuit. The receiving low-pass filter
supplements the suppression provided by the channel filters to prevent
inter-channel crosstalk and has an attenuation peak at 3700 cycles to pre-
vent the signal tone from interfering with the message circuit. The pass-



N-1 CARRIER TELEPHONE SYSTEM 431

band characteristics of these filters are shaped to provide the equalization
needed in the individual message channels.

A narrow band filter centered at 3700 cycles selects the signal frequency
at the receiving terminal and provides the suppression against all other
frequencies needed to prevent false operation of the receiving signaling
circuit. The design of this filter, which is also shown in Fig. 7, makes use of
a cage type assembly similar to the other filter units but is somewhat smaller.

Unit Adjustment and Inspection

All carrier frequency filter and equalizer units are equipped with mag-
netic slugs to facilitate accurate adjustment of critical circuit resonances.
In the case of the carrier frequency high- and low-pass filter units and the
carrier frequency equalizer units, adjustments are made at attenuation peak
frequencies. After adjustment, transmission measurements made at these
same frequencies only are sufficient to determine satisfactory performance.

Adjustment and inspection of the channel filter units are accomplished
by the use of a special test set which displays four traces on a cathode ray
tube. One trace displays the transmission characteristic of the unit under
test, the second trace displays the characteristic of an accurately adjusted
reference filter unit and the two remaining traces display two reference
discrimination levels. See Fig. 9. Blanking pulses are applied to the intensity
grid of the cathode ray tube to blot out the traces at points corresponding
to = 4 kc from the mid-band frequency. The blotted out portion of the
traces together with the discrimination level traces provide a coordinate
system to establish bandwidth limits for inspection purposes. The magnetic
slugs are adjusted so that the displayed characteristic of the filter unit
under test is symmetrically located with respect to the displayed character-
istic of the reference filter unit. If the adjusted characteristic of a filter unit
passes through the coordinate established by the blanking pulses between
the discrimination level traces it meets its requirements.

The electrical performance of the voice frequency low-pass filters and
the 3700 cycle signal band filter is determined by transmission measure-
ments at critical frequencies using standard test equipment.

EQUIPMENT

~ Equipment design of N-1 Carrier terminals and repeaters has been directed
particularly towards small size and weight, low manufacturing cost, sim-
plicity of engineering and installation, and ease of maintenance. Size and
weight have been minimized by arranging the miniaturized components
compactly in die cast aluminum frames of a size and shape to fully utilize
the rack space available in depth as well as in breadth and height. This
may be called “cubic” construction as contrasting with the “planar” con-
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struction of conventional panels. This also facilitates manufacture as does
a new method of mounting components of the “pigtail” type in parallel
thermoplastic strips and the division of the equipment into subassemblies
convenient for shop handling and so composed of circuit elements that the
same subassemblies can be used in more than one part of the system. Main-
tenance is facilitated and service interruptions reduced to minimum length
by arranging the units for interconnection by plugs and jacks so that a
defective unit can readily be replaced by a spare and sent to a maintenance
center equipped with adequate measuring equipment and manned by a
technically trained and experienced personnel. Engineering and installation
are facilitated by packaging the equipment so that the maximum possible
portion of the assembly and wiring work is performed in the shop, and by
avoiding engineered options.

The close packing of components in a relatively small space makes more
serious the problems of wiring, shielding, heat dissipation, accessibility for
inspection and maintenance, and major modifications.

UnitizED CONSTRUCTION

This unit method of construction takes the form of conveniently sized
plug-in assemblies. It makes efficient use of the full 10-inch depth available
in the standard relay rack. The front of the unit carries the vacuum tubes
adjusting potentiometers and test terminals which need to be accessible
for routine system checking. Any space left over on the front panel is utilized
by voice and carrier frequency transformers. Other components are com-
pactly assembled inside the unit and are accessible only after the unit is
removed from its frame mounting. The external connections of each unit
terminate in a male connector which matches a female connector in the
frame mounting. Both connector assemblies consist of a molded phenolic
rectangular block equipped with 20 gold plated contacts. These assemblies
are mounted by means of shoulder screws to give them a slight floating
action which relieves the strain on contacts and wiring when the units are
plugged in. After the units are plugged in they are secured to the frame
mounting by means of quick-acting fasteners.

The plug-in method permits the testing of the units without expensive
jack fields, and allows the removal of any unit in trouble and its replace-
ment by a spare unit for immediate restoration of service. The defective
unit can then be taken to a maintenance point where adequate tools and
testing equipment are available for convenient repair work by experienced
personnel. This is especially valuable in the N-1 system where a majority
of the repeaters may be pole-mounted and many of the terminals located
“in unattended or partially attended offices. It will be valuable in other loca-
tions by eliminating repair work from a ladder. For the handling of units
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along the cable route or shipping of units to and from a maintenance center,
small light-weight fibre carrying cases are available.

To facilitate manufacture, the equipment units are subdivided into two
or more subassemblies. The circuit is divided among these subassemblies
in a way that is convenient for shop assembly and test. An additional ad-
vantage, in stocking for maintenance, is that certain of these subassemblies
are common to several equipment units, thus reducing the investment in
spare units, When the subassemblies are separated, the apparatus and as-
sociated wiring in each are readily accessible. Electrical connections between

Fig. 10—Thermoplastic strips being positioned in assembly jig for pigtail components.
The strips are precut to length from extruded “ribbons’ and are stamped with equipment
designations to identify the components.

subassemblies are accomplished by means of the same type of male and
female connectors as are used between the complete unit and its frame
mounting, For protection, particularly in handling, a slip-on can cover is
provided for each equipment unit.

MOoUNTING OF COMPONENTS

To meet the objective of low manufacturing costs, a simple and effective
method of mounting the large number of pigtail components is essential.
The method adopted arranges as many of these components as electrical
requirements permit, on two parallel thermoplastic strips which in turn
are mounted in the chassis. Simple assembly jigs, an example of which is
shown in Fig. 10, position the strips and components so that the terminal
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leads rest on the edges of the strips. The application of a slight pressure by
a heated shoe imbeds in one operation the terminal leads of all the compo-
nents of the assembly into the plastic material. The machine used for this
purpose is shown in Fig. 11. Simultaneously with this operation, the terminal
leads extending over the edges of the strips are sheared off to a length suit-
able to form terminals to which connections are made. If a component needs

Fig. 11—Operator preparing to feed assembly jig to machine where heated shoe im-
beds terminal leads of components into the thermoplastic strips. Cuttings from sheared
off terminal leads may be seen below machine.

to be replaced this is readily done by applying heat to its leads with a solder-
ing iron. To facilitate making the relatively large number of wiring connec-
t'ons to the pigtail components as well as to terminals of other components,
pistol wrapped connections are used in many cases rather than the wrapping
by hand with a pair of pliers. The electrically operated wiring pistol illus-
trated in Fig. 12 wraps the wire onto the terminal with high tension. The
connections are then soldered.
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Die Cast CHASSIS

In order that components of varying types and sizes may be mounted
with their terminals in good position for wiring, the chassis construction
must provide for a variety of mounting surfaces in various planes. Such
chassis cannot be fabricated economically even in large quantities, because

Fig. 12—Operator using electrically operated wire wrapping pistol. All wires are precut
to suitable length.

of the multitude of operations required. They can, however, be designed for
economical die casting. One of the eleven such castings used in the system
is illustrated in I'ig. 13. In addition to reduced costs, the die castings offer
a number of other advantages. Die castings are uniform in dimensions,
facilitating assembly as well as aiding the interchangeability of the plug-in
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Fig. 13—Aluminum alloy die casting for the low group transmitting subassembly. On
the front of the casting may be seen the equipment designations. The large number of
holes in the rear surface provide clearance for filter terminals as well as filter mounting
holes. In the middle portion of the casting are a number of pockets used to hold miniature

transformers.
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subassemblies and equipment units. The surfaces are reasonably smooth
as cast and the natural aluminum finish is rather pleasing in appearance,

Fig. 14—Commercial installation of N-1 carrier terminal equipment showing one com-
plete terminal. At the bottom of the relay rack may be seen an experimental model of a
blower and associated air hose connections.

so that no further finishing operations are necessary. Equipment designa-
tions to identify components are incorporated in the die by the use of
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raised characters in a recessed area, instead of being applied by stamping
methods. The light weight of the aluminum die casting makes easier the
handling of a plug-in unit, particularly when the maintenance man is working
on a ladder.

TERMINAL EQUIPMENT

The terminal equipment as shown in Fig. 14 is designed for maximum
flexibility and mounts in the relatively small rack space of 19 by 40 inches.
Three such terminals can be mounted in a standard 11-foot 6-inch relay
- rack. A complete terminal includes 12 channel units, a transmitting group
unit and a receiving group unit. These units plug into a terminal mounting
fabricated of aluminum in natural finish, which is secured to the relay rack.
The terminal mounting, shown in Fig. 15, consists of two side members of
channel section with metal shelves welded between them to support the
equipment units. The twelve channel units are mounted five in each of
the two rows and two in the third row; the remainder of the bottom row is
used for the group units and for alarms and miscellaneous apparatus. The
terminal framework and wiring are the same for a terminal transmitting
the high group or one transmitting the low group. The fuses and alarm
relays for the terminal, and fuses and resistors for the power supplied to
an adjacent repeater, are located at the bottom of the terminal mounting.
Provision is made for mounting a span adjustment pad when required.
Both at the terminals and at the repeater points the receiving lines are
built out by these span adjustment pads so that the electrical length of
all lines is the same. The wiring between the connectors for the channel
units and for the group units runs within the shelf structure out to each
side of the bay and then extends up and down the mounting in the side
members. Extra connectors are multipled with the group unit connectors
to-permit the replacement of these units without service interruption. All
connectors are mounted so that the wiring and the soldered connections are
readily inspected and maintained from the front of the relay rack, per-
mitting back-to-back mounting or mounting against a wall. All external
wiring is brought to terminal strips located at the bottom of the mounting.

CuANNEL UNITS

Each channel unit contains the apparatus, including that required for
signaling, associated with one channel. The units for channels 1 to 12 differ
only in the receiving filter and in the crystal unit which determines the
channel carrier frequency.

The apparatus is mounted in three subassembly frameworks which are
fastened together to form one unit, as shown in Fig. 16. The subassemblies,
shown in Fig. 17, are (1) the compressor (voice-frequency transmitting)
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e

Fig. 15—N-1 carrier terminal mounting without any of the plug-in units. The shelf
structures, including the fuse mounting at the bottom, are so arranged that they may be
turned over to expose the wiring side of the connectors.
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Fig. 16—Channel unit—front view. The unit is equipped with a perforated aluminum
can cover.
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subassembly; (2) the expandor and signaling (voice frequency receiving)
subassembly; and (3) the carrier frequency subassembly. Provision is made
in the carrier frequency. subassembly for automatic channel transmission
regulation. Subassemblies (1) and (2) are identical for all channels. An
exploded view of the expandor and signaling subassembly is shown in Fig. 18.

TERMINAL TRANSMITTING AND REcCEIvING Group UNITS

The transmitting and receiving group units together contain the transmit-
ting and receiving amplifiers; the group modulator, which is used in either
the transmitting or receiving branch but not in both; the signaling oscil-
lator; and the carrier alarm circuit. Provision is made for automatic group

Fig. 17—Channel unit subassemblies. Compressor at left; expandor and signaling at
center; carrier at right.

transmission regulation in the receiving circuit. There are four types of
group units: one high group transmitting, HGT, and one low group receiv-
ing, LGR, for a terminal which transmits the high group of frequencies and
receives the low group; and one low group transmitting, LGT, and one
high group receiving, HGR, for the reverse terminal.

The group units are combinations of three of the following subassemblies
as required: (1) high group transmitting, (2) low group transmitting, (3)
high group receiving, (4) low group receiving and (5) oscillator. The oscil-
lator subassembly supplies the group carrier frequency and the 3700 cycle
signaling tone. The oscillator subassembly is plugged into a low group trans-
mitting or a low group receiving subassembly and the combination equipped
with a common can cover to form an LGT or an LGR unit. The addition
of a cover to the high group transmitting or high group receiving subas-
semblies forms a complete HGT or HGR unit. )
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TERMINAL TEMPERATURE CONTROL EQUIPMENT

Due to the compactness of assembly achieved with the cubic method of
mounting there remains very little free space for natural or convective cool-
ing, and excessive concentration of heat may be expected. For the N-1
carrier terminals it was found necessary in high temperature areas to pro-
vide forced air cooling. Although the major power dissipation occurs in
the vacuum tubes, which are mounted on the face of the units, consider-
able heat from this source is conducted through to the inside of the units.

Fig. 18—An exploded view of the expandor and signaling subassembly ready for the
final assembly operation. This shows the extent to which prewiring of small assemblies
is used.

With a power input of approximately 400 watts per terminal serious damage
to some of the apparatus might result if forced cooling were not provided
in those offices where summer temperatures are high. With forced cooling
the maximum temperature rise is reduced to a limit well within the capabili-
ties of the apparatus used.

The temperature control equipment consists of a centrifugal blower driven
by a ¢ HP 115 volt a-c motor which circulates air through ducts to the
equipment. The motor and blower are mounted at the bottom of each relay
rack with flexible connections to rectangular aluminum ducts extending up



N-1 CARRIER TELEPHONE SYSTEM 443

along the faces of the terminal mounting framework uprights. Each duct
has an aperture opposite each horizontal row of equipment units. A ther-
mostat located in one of the terminal mountings starts the blower when
cooling is required.

REePEATER UNITS

Two types of carrier repeater equipment units are used in the N-1 system.
They are identified by the designations HL (high-low) and LH (low-high).
The HL repeater receives signals at high group frequencies from the line,
translates them by modulation with a suitable carrier to low group fre-
quencies, then amplifies and regulates them for transmission at the desired
output level. The LH repeater functions similarly except it receives low
group frequencies and transmits high group frequencies. Each repeater pro-
vides for transmission in both directions and the two types are used alter-
nately along the line.

A repeater equipment unit is made up of three subassemblies. In the HL
unit a right-hand high-to-low repeater and modulator subassembly for
east-to-west transmission and a left-hand similar subassembly for west-to-
east transmission are plugged into a common subassembly which supplies
the carrier for group modulation and the voltage regulator, all under a
common can cover, In the LH unit the right-hand and left-hand subassem-
blies are similar to those in the HL unit except low-to-high instead of high-
to-low. The common oscillator subassembly is identical in all repeaters.

REPEATER MOUNTING ARRANGEMENTS

Each repeater unit is plugged into a repeater mounting bracket which is
a small die casting equipped with three multipled connectors, one into which
the repeater is plugged and two for testing and in-service replacement of
the repeater. A terminal strip for external wiring connections, and span
adjustment pads, when required, are also mounted on this bracket. Four
of these mounting brackets are fastened to a shelf structure arranged for
relay rack mounting. With the four repeaters plugged in place, the entire
assembly occupies a vertical space of approximately 14 inches. The four-
repeater groups so constituted may be located in pole-mounted cabinets at
non-power supply points or on relay racks with associated power distribu-
tion panels at power supply stations.

A total of twelve repeaters can be accommodated in a pole-mounted
cabinet, as shown in Fig. 19, together with order wire equipment and a
52-pair cable terminal. The terminal is located at the top of the cabinet
when the toll or exchange cable is aerial and at the bottom of the cabinet
when the cable is buried. The cabinet is made of sheet steel with the out-
side walls finished in white enamel to keep heat absorption to a minimum.
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Fig. 19—Pole-mounted cabinet with 12 repeaters and cable terminal in position for
aerial cable. '
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Thermal insulation and a thermostatically controlled vent damper limit
the temperature range inside the cabinet to approximately 0°F to +1350°TF
for an outside temperature range of —30°T to --120°F. The temperature
range within the cabinet would otherwise exceed that at which it is prac-
ticable to operate apparatus components and insure good performance.
This type of temperature control is necessary since power is not available
for operating either a blower or a heater.

At a power supply point, a power distribution panel is required for each
four systems. This power distribution panel contains the power resistors,
fuses and fuse alarm circuits for four local repeaters and four adjacent
repeaters in each direction. Other equipment that may be furnished in such
an office on a miscellaneous basis is the deviation equalizer panel and the
artificial lines required to build out very short spans. The relay rack lay-
outs may be arranged in a number of ways to suit the particular installa-
tion since no shop wired bays are used. The installation effort is minor
since very little wiring is involved. A typical 11-foot 6-inch relay rack lay-
out at a power supply point will provide for 16 repeaters including some
space allowance for miscellaneous equipment.

TESTING AND MAINTENANCE FEATURES

Potentiometer controls and test terminals are furnished in the various
plug-in units for line-up and trouble localizing purposes. In the case of a
channel unit, certain adjustments and tests may be made without removing
the unit from its frame mounting while others can be made only following
the removal of this unit. If removal is required, a multi-conductor test
cord provides the means for reconnecting the removed unit to its connector
in the frame mounting thereby providing access to test terminals and con-
trols within the unit. Also at the terminal office, a portable group unit
switching set permits substitution of an alternate transmitting or receiving
group unit for the regular group unit without interrupting service. When
the removal of a repeater is necessary, it is similarly accomplished without
service interruption by the use of a portable repeater switching set. Both
switching sets facilitate tube replacement. T'wo portable tube test sets have
been designed for inservice testing of cathode activity of tubes in repeater
and group units. An additional repeater test set is used in system line-up
and maintenance adjustments.

A portable maintenance center test set has been designed for use with
N-1 carrier equipment. This set is capable of testing and adjusting all
equipment units, and the two portable switching sets. The test set is es-
sentially a device for interconnecting oscillators, measuring equipment and
the units to be tested. Filters and attenuators are included for controlling
‘test currents.
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Power SuppLy

The power supplies required for the N-1 system may be obtained from
standard office signaling or telegraph power plants without additional filter-
ing. The terminal equipment requires —48 volt and 4130 volt supplies.
Repeaters located at power supply points require +130 volt power only.
For feeding power over the line to distant repeaters -+130 volt and —130
volt supplies are used in combination as a 260 volt source.

ALARMS AND OrRDER WIRE EQUIPMENT

Each system terminal makes provision for the following alarms which
are connected to the standard office alarm system:

a. Fuse alarms for all battery supplies.

b. 3700 cycle signal oscillator failure alarm.

c. Alarm which indicates failure to receive carrier at terminals.

The equipment for these alarm circuits is assembled as part of the ter-
minal mounting with all wiring accessible from the front of the relay rack.
Similarly at the repeater point where power is locally supplied the associated
power distribution panel is equipped with fuse alarm circuits for the battery
supplies.

No alarms are provided at or from non-power supply repeater points.
Alarms from an unattended or partially attended repeater office can be
extended to a fully attended office, when desired, over one pair of a quad
in the cable which has its side circuit equipped with H88 or H172 loading.
The other pair of this quad may be used as an order wire for system main-
tenance. The simplex legs of the two pairs are used to transmit power from
power supply points to the portable repeater switching set used at pole-
mounted repeaters. The equipment arrangement for the order wire and
alarm circuits makes use of the conventional panel method of mounting
and provides for a variety of layouts to fit particular applications. Amplifiers
are introduced into the order wire and alarm circuits at terminals and power
supply repeater points as required. At pole mounted repeaters the order
wire equipment consists only of a pair of binding posts for connecting a
lineman’s test set.
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The Evolution of Inductive Loading for Bell System
' Telephone Facilities

By THOMAS SHAW

(Continued from January 1951 issue)
PART III. LOADING FOR EXCHANGE AREA CABLES

HIS portion of the present review is primarily concerned with non-

phantom type of loading on non-repeatered non-quadded cables, since
the evolution of exchange area loading has been almost entirely in terms of
these facilities. '

Phantom working has not been extensively practiced because in general
it is not economical on exchange cables. In the occasional long cables where
phantoming is economical, the phantom group loading makes use of loading
apparatus developed for short-haul, two-wire type toll cable facilities.

The very wide range of impedance characteristics of the many different
types of exchange cables (with and without loading, and as influenced by
the terminal impedances provided by the many different kinds of subscriber
loops and station sets) is such that telephone repeaters are necessarily lim-
ited to low gains when used at exchange area switching points. Moreover,
it has not been generally feasible to use intermediate repeaters in the lines.
Furthermore, the conventional two-wire type of telephone repeater used

47



448 THE BELL SYSTEM TECHNICAL JOURNAL, APRIL 1951

in the toll plant is quite expensive in relation to the feasible gains in the
exchange plant. Consequently, there has not been an extensive use of re-
peaters in the exchange plant. Looking towards the future, however, the use
of a low-cost telephone repeater of an entirely new design (Type E1) is ex-
pected to result in a much more extensive use of repeaters, and in conse-
quence some considerable reduction in the demand for the heaviest weights
of exchange area loading. ‘

(15) First Two DEcADES OF COMMERCIAL LOADING
15.1 General

For about two decades after the establishment of the first standard cable
loading systems (Table II, page 156), medium-weight loading was by far the
most extensively used standard on exchange cables. However, a few of the
longest exchange cables used heavy-weight loading. Also in some areas
there was a moderate use of light-weight loading on short cables.

In the period under discussion almost all of the exchange area loading
was installed on 19 ga. cables in situations where, without loading, the
circuit lengths and the transmission requirements would have forced the
use of much more expensive 13 ga. or 16 ga. cables. Twenty-two gauge cable
was available for subscriber cables and for short inter-office trunks. Nine-
teen gauge non-loaded cable was used on short inter-office trunk cables,
however, as it was then more economical than loaded 22 ga. cable, and had
a greater supervision and signaling range. In the larger metropolitan areas,
loading was much more generally used on trunks to tandem-switching office
and on connecting-trunks between local and toll offices, than on the direct
inter-office trunks, because of the much more severe transmission limits
imposed on the tandem and toll office trunks. In occasional instances, these
requirements made it necessary to use loaded 16-ga. circuits. There was
also a large use of loading on trunk cables between city tandem offices and
suburban local offices. By avoiding the need for 13-ga. cable and by greatly
reducing the need for 16-ga. cable in these important fields of use, the
introduction of loading made possible very large savings in the first costs
of additions to the rapidly expanding new plant, and in the subsequent
annual charges. '

15.2 Partial Loading

In the course of the expansion of exchange area loading a practice of
“partial loading” evolved. This is exemplified by the loading of a part of a;

trunk circuit when it exceeds by a moderate amount: the length that would:

be satisfactory from the transmission standpoint without loading, instead:
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of applying loading to the entire length of the circuit. In effect the partially
loaded circuit is a tandem combination of loaded and non-loaded circuits,
with the loaded part preferably located near the center. The purpose is to
reduce plant cost by restricting the use of loading in individual circuits to
about the minimum amount that would be necessary to meet the trans-
mission limits set up as objectives in plant design. In these practices, cer-
tain minimum limits regarding the number of loads per circuit were worked
to on the basis of engineering experience, different limits being applied in
different operating areas.

15.3 Compressed Iron-Powder Core Loading Coils

The first important change in loading coil standards for exchange area
loading occurred during 1916, immediately following the successful develop-
ment of the compressed annealed, powdered-iron core-material® described
on pages 167-170. In general, the coils that used this new core-material were
much better suited to the requirements of exchange facilities than to those
of toll cables. The old standard 95-permeability iron-wire core coils, Codes
506, 507, and 508, were superseded as standards for new plant by the new
Nos. 573, 575, and 574 loading coils, respectively. The new coils had closely
similar over-all dimensions to those of the superseded coils, and were sub-
stantially equivalent, or slightly better, with respect to steady-state trans-
mission properties. They were greatly superior with respect to their resistance
to permanent or quasi-permanent magnetization by strong currents that
might flow through their windings in consequence of accidental grounds on
d-c signaling circuits, or from other external causes, including power-line
crosses and lightning surges.

For a period of several years, the loading practices with the new coils
followed those which had evolved in the use of the older coils.

(16) DEVELOPMENT OF CHEAPER CABLES FOR EXCHANGE AREAS AND
STANDARDIZATION OF NEW L.OADING SYSTEMS FOR THEM

16.1 The New Cables

During the early 1920’s new, cheaper types of non-quadded cable began
to be used extensively in the exchange area plant. These resulted from the
continuing development work to reduce plant costs. By including design
features that made them suitable from the crosstalk standpoint for the
application of loading, the economies inherent in the use of loading sub-
stantially augmented the large economies that directly resulted from the
lower costs of the cables. These design improvements included the staggered
pair-twist construction and other features previously applied to the 0.066
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mf/mi 19 and 16-gauge cables, Codes TB and TH, respectively, for which
the early loading standards had been originally established.

With respect to the use of loading the most important of the new cables,
above referred to, were: (a) a 455-pair,@ 19 ga. cable, Code BNB, having
a mutual capacitance of about 0.085 mf/mi, and (b) a 909-pair, @ 22 ga.
cable, Code SA, having a mutual capacitance of about 0.083 mf/mi. Also
there was a 1212-pair 24 ga. cable having a mutual capacitance of about
0.079 mf/mi. Fractional-size cables having these properties became avail-
able subsequently. The 24 ga. cable did not become an important field for
the economical use of loading until the late 1920’s, following the develop-

TasLE VII
LoADpEp HicH-CAPACITANCE CABLES
Tk tical Att ti .
Type of (1) Weight (2) of Loading ](gxcl‘{?c;fca tLeonslsmaéon INOHHMI
Cable (ohms) Frequency 800 cycles mpﬁ an)ce

, (cycles) (db/mi) (ohms
19BNB Medium-Heavy® 2450 0.31 1350
Heavy 2050 0.29 1600
Light-Medium® 2300 0.45 980
Medium 2025 0.41 1110

(Non-Loaded) (1.15)
22SA Light-Medium 2320 0.77 980
Medium 2040 0.68 1120

(Non-Loaded) (1.63)

M Tn the tabulated data, the capacitance of 19BNB and 22SA cables are assumed
to be 0.085 and 0.083 mf/mi, respectively, and their resistance 85 and 170 ohms per
loop mile at 68° T. )

@ The first word in the compound designations applies to the coil inductance (“Medi-
um” = .175 mh; and “Light” = 0.135 mh). The second word in the compound desig-
nation applies to the coil spacing (“Heavy” = 1.14 mi; and “Medium” = 1.66 mi).

ment of the low-cost, compressed, permalloy-powder core loading coils de-
scribed in Section 19.

16.2 New Loading Arrangements

In order to avoid an objectionable degradation in transmission service,
new loading systems were standardized during 1922 for use on the high-
capacitance 19 ga. and 22 ga. cables, above mentioned. These involved the
use of the standard medium loading coil (Code 574, inductance 175 mh)
at “heavy” spacing, and of the standard light loading coil (Code 575, in-
ductance 135 mh) at “medium” loading spacing. Initially, these new load-
ing systems were known as “medium-heavy” and “light-medium” loading.

@ The largest number of pairs previously available in 19 and 22 ga. cables were 303
and 606, respectively.
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Their installed costs were about the same as those of standard heavy and
medium loading, respectively. The special importance and significance of
these new loading systems was that their use on the higher capacitance
cables avoided a degradation in the loading cut-off standards and the ob-
jectionable impairments in transmission intelligibility that would otherwise
have resulted. The use of lower inductances at standard spacing, in order
to comply with the cut-off standards without raising costs, resulted in a
reduction of nominal impedance which was desirable and an increase in the
attenuation which was accepted as tolerable, under the circumstances. This
decision on the new loading systems was largely influenced by certain fun-
damental transmission-studies then under way which indicated that it would
eventually be desirable to adopt much higher cut-off frequency standards,
subsequently described.
Table VII compares certain transmission properties of ‘“medium-heavy”
~and “light-medium” loading on the high-capacitance cables with those
which would have resulted from the use of standard medium and heavy
loading.

(17) First IncrEasE 1IN MiNnmmuMm Cur-OFF FREQUENCY FOR LOADED
ExcuaNGE AREA CABLES

17.1 General

During 1924 there occurred the first major improvement in loading
standards for exchange area cables, consisting of an increase in the minimum
cut-off frequency from about 2300 cycles to about 2800 cycles per second.
This decision implemented the conclusions reached in comprehensive fun-
damental theoretical and experimental studies of exchange area transmis-
sion that got well under way during the early 1920’s. The improved loading
systems initially involved the use of available types of 135 and 175 mh
loading coils at spacings shorter than those previously used with these
coils, and the use of new 88 mh loading coils much smaller in dimension
and much lower in cost than the 135 and 175 mh loading coils. The new 88
mh loading inductance eventually became the most extensively used induc-
tance value in exchange area loading.

17.2 New Technique for Computing Intelligibility Indices for Complete Circuiis

In the theoretical aspects of the fundamental study, above referred to,
use was made of a new technique developed by Dr. Harvey Fletcher for
computing the articulation index of complete telephone transmission sys-
tems, taking into account the effects of attenuation loss and circuit distor-
tion in the line, the subscriber loops and station sets, the effects of sidetone
in the station sets, and allowing for the masking effects of line noise and
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room noise.™ The new technique was based on fundamental studies of
speech and hearing, including a very extensive series of articulation tests
on different combinations of lines and loops and telephone sets, in which
the line portions were modified by electric wave filters to transmit various
frequency-band widths, and distortionless attenuators} controlled the line
loss. Different representative types of subscriber loops were included in the
tests. The then standard deskset telephones were used (No. 337 transmitter,
No. 144 receiver, and 46 induction coil) and also special telephone sets using
experimental types of transmitters and receivers having ideal, flat, fre-
quency-response characteristics. In comparing complete systems having dif-
ferent types of lines, but otherwise similar, the computed articulation-
ratings agreed sufficiently closely with the ratings determined from tests to
warrant substantial confidence in the experimental use of the computation
technique in the exploratory loading development studies.

17.3 New Higher Cut-off Loading Syslems

The theoretical studies as applied to an exchange plant using the stand-
ard deskset telephones showed that a desirable improvement in the trans-
mission intelligibility of complete connections could be obtained by using
the new higher cut-off loading systems which are described in general
terms in Table VIII. As discussed later, large economies also resulted in
the design of new plant, and in the rearrangement of old plant. The loading
designations used in the table are in accordance with a simplified system of
designations which was adopted in 1923. The letter-component is a symbol
for the spacing, and the number signifies the inductance. Prior to the intro-
duction of these new loading standards, medium loading-spacing (M) was
about 8775 ft. It was changed to 9000 ft. to facilitate coordination with the
other types of loading in the layout of the cable plant. The “D” spacing
was an entirely new spacing.

The decision to standardize the particular loading systems of Table VIII
naturally involved extensive plant cost-transmission studies. These were
directed to determining the maximum utilization of the new cheaper cables
previously mentioned, and the most advantageous ultimate uses of the
higher-grade, more expensive cables already in use. Practical considerations
of economy dictated that the new series of loading standards should include
systems which could use available loading coils and existing loading vaults
in the important underground cable plant. These matters were also of great
importance in the gradual rearrangement of the existing exchange area
loading at a minimum expense to comply with the new cut-off standards.

While the improvement in intelligibility was one of the factors influenc-

) Comprehensive information on Dr. Fletcher’s researches is given in Reference (33).
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ing the design of the new loading systems, the engineering of the exchange
cable plant continued for some time on the customary volume-efficiency
basis, and the standards of over-all attenuation in the trunks were the same
as before, in the use -of the older loading systems. The improvement in
intelligibility previously stressed was directly due to the ability of the new
loading systems to transmit efficiently a band of important high-frequency
overtones which were suppressed by the old standard loading systems. The
subscriber services directly benefited from the improved transmission
quality.

Used in'the foregoing manner, the new loading systems also yielded large
economies in the first costs of new plant by extending the transmission
range of the cheaper types of cables. In this respect, the M88 system was
by far the most important of the new standards, since it made feasible the
use of loaded 22 ga. cable for short trunks, in place of non-loaded 19 ga.

TaBrLE VIIL
IamPROVED EXCHANGE AREA LOADING STANDARDS
Approximate Cut-off Frequency*
. Loading Coil
Load !
Designation | Spacite | Inductsoce High-Capacitance Capstiance
. ables
(cycles) ((2;511::)

M88 9000 88 2900 3200
H135 6000 135 2800 3200
H175 6000 175 Not recommended 2800
D175 4500 175 2900 3200

* These particular figures take 0.083 mf/mi and 0.066 mf/mi as representative values
for high-capacitance and low-capacitance cables, respectively.

cable, and the aggregate length of the short trunks is a large fraction of the
total exchange trunk mileage. The special economic importance of 22 ga.
cable loading received recognition in the development of much cheaper
loading coils which are described later on.

The more expensive new H-spaced loading was advantageous on the
longer cables, and in shorter cables when lower transmission equivalents
were necessary. H175 loading was important because of its suitability for
use on low-capacitance cables.

The D175 system provided a field for the reuse of 175 mh loading coils
that were displaced in the course of the plant rearrangements, previously
mentioned. Also, it facilitated the conversion of old M175 facilities to meet
the new cut-off standards, and with decreased attenuation. This conversion
procedure involved the introduction of additional 175 mh loading coils, at
or near the electrical centers of the old medium loading sections.

Some typical performance characteristics of the new loading systems on
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exchange area cables are given in Table IX. The tabulation, in general, is
in the sequence of ascending costs. Although loaded 24 ga. cable is superior
to non-loaded 22 ga. cable from the transmission standpoint, it was not
sufficiently cheaper (when using iron-dust core loading coils) to warrant
its general use. However, under some special circumstances involving large
complements of the new coils, loaded 24 ga. cable could be proved in.

In the design of the cable plant, the signaling characteristics of the facili-
ties of course had to be taken into account along with the transmission
characteristics. In some situations the total costs could be reduced by using

TaBLE IX
TR ANSMISSION CHARACTERISTICS OF TYPICAL EXCHANGE AREA TRUNKS
Cable . . .
Loading Caroromn, | Imosimete | atjentaien
Conductor Capacitance ystem (eycles) (ohms) (db/mi)
Gauge (mf/mi)

24 0.084 M88 2900 900 1.42
22 0.082 M88 2900 990 0.92
“ “ H135 2800 1300 0.63
“ «“ D175 2900 1690 0.51
22 0.073 M88 3000 950 0.87
19 0.084 M88 2900 860 0.49

« “ H135 2800 1280 0.34
“ “ D175 2800 1680 0.28
19 0.066 M88 3200 950 0.44
“ . «“ H135 3200 1420 0.30
“ « H1735 2800 1640 0.27
«“ “ D175 3200 1860 0.25
16 0.0066 M88 3200 960 0.24

a more expensive grade of circuit that allows the use of less expensive sig-
naling equipment.

(18) Loapinc Corrs ror HicHER Cur-OFF LOADING SYSTEMS
18.1 New Small-Size Cotls for M8S Loading

Preliminary design studies of cheaper and smaller loading coils for use on
22 ga. cables started well in advance of the decision to standardize M88
loading. It was realized that the maximum possible economies would result
from a two-stage development plan, in which the first stage would consist
of an improvised “stop-gap’’ design using available standard core-rings and
simple modifications of existing standard loading coil cases, and the second
step would be an entirely new design, having approximately optimum pro-
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portions as regards transmission and cost features in the expected wide use
on 22 ga. cables. I'or optimum economies in potting and installation, en-
tirely new types of loading coil cases would be required for this design.

In conformity with this plan, the temporary standard 88 mh loading
coil, Code 601, became commercially available late in 1924, and its suc-
cessor design, Code 602, approximately nine months later.

The 601 coil used a 2-ring core of compressed, unannealed, powdered
iron. The over-all coil dimensions were such that 200 coils could be potted
in the largest size of exchange area loading coil case then standard, which
had originally been developed for potting 98 coils of the 574 and 575 coil-
size. A larger size of case which potted toll cable loading coils was modified
to pot 300 No. 601 coils. During 1924 and 1925, while the production of the
602 coil was being built up to meet the large demand for H88 loading, over
80,000 No. 601 coils were manufactured.

The 602 coil also used compressed, unannealed, powdered-iron cores, and
it had much better proportions of axial length to diameter. Similar sizes
of potting complements were standardized in the new cases. Coil I' in the
headpiece is a 602 coil. (Coil F in relation to Coil B shows the size difference
for the contemporary standard coils designed for 22 ga. and 19 ga. cables,
respectively.) »

Because of their smaller size, the 601 and 602 coils had a higher ratio of
resistance to inductance than the older coils which had been developed for
use on lpower resistance cables.

Making more efficient use of core material and copper, and using smaller-
size, higher-speed winding machines, the 602 coil was substantially cheaper
than the 601 coil, which in turn was considerably cheaper than the prior
standard cable loading coils. In both instances, substantial economies in
potting and installation costs also resulted.

18.2 Coils for H135 Loading

Ifurther consideration of the transmission economics of the new H135
loading led, about the middle of 1925, to a decision to develop a new 135
mh loading coil using the same core and the same types of loading coil
cases as for the 602 coil. Under the code No. 603, this coil became available
for commercial service during 1926.

The 603 coil was intended for use on 22 ga. and 19 ga. cables, and yielded
large economies during 1926-27 in these fields. The larger-size 575 coil was
temporarily continued as a standard design, for use on long 19 and 16 ga.
trunks where a better coil than the 603 coil could be justified. With this
coil, the attentuation was about 0.03 db/mi better than that obtainable
with the 603 coil.
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18.3 Coils for H175 and D175 Loading

Because of the small relative demand for new coils for these types of
loading, and because the 574 coil was fairly satisfactory in transmission-cost
relations for the relatively expensive types of facilities involved, the 574
coil was temporarily continued as standard for the 175 mh loading system.
General: Looking backwards, the classification “temporary standard” for
the 574 and 575 coils as used in the higher cut-off loading systems is ap-
propriate, and would also be appropriate for the 602 and 603 coils, by vir-
tue of the fact that all of these coils were superseded as standard during
1927 by the new series of compressed, permalloy-powder core loading coils
which are described below. A brief summary of some electrical and dimen-
sional characteristics of the ‘““iron-dust” core coils is given in Table X, prior
to undertaking the discussion of the very much more important permalloy-

TaBLE X
Iron Dust CorE Loapine Coirs Usep 1N HigHER CuT-OrF LOADING SYSTEMS

. . A . Over-all Di jons—
Coil Code Iﬂfggﬂe Resistances—Ohms pprox Veinacheslmensmns
o (mh)
d-c 1000 cycles Diam, Ax. Height

601 88 9.1 10.2 4.5 1

602 88 8.4 9.5 3.5 1.12

603 135 12.8 14.0 « “

575 135 3.7 5.5 4.5 2.1

574 175 4.5 7.0 “ «“

core coil development. The resistance values include 0.5 ohm for the 22 ga
stub cables for the loading coil cases in which the 601, 602, and 603 coils were
potted, and 0.2 ohm for the 19 ga. stubs used with the older coils.

(19) CompPrESSED PERMALLOY-POWDER CORE EXCHANGE AREA CABLE
Loaping Coirs

19.1 General

Since the general characteristics of the improved magnetic core-material
and the circumstances attending its development were briefly described on
page 183, it is unnecessary to repeat this discussion as a part of the review of
the evolution of exchange area loading. It is desirable, however, to call atten-
tion to the fact that the exchange area loading coils were given priority over
the toll cable coils in the commercial exploitation of the greatly improved
core-material, for two important reasons. In the first place, the service re-
quirements in exchange area cables were much less complex and much less
severe than those in the long distance toll cables and, in consequence of the
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smaller amount of development effort required, the large economies inherent
in the use of the improved core-material could begin to be realized at a much
earlier date. This was important because of the rapidly increasing demand
for loading during the late 1920’s. Secondly, by starting quantity production
of the core material for use in the exchange area coils, the factory built up
experience in the control of the many complicated new processes that were
essential to the performance results which were particularly desirable in the
toll cable coils. Also, knowing what could be expected from the commercial
production of the core-material, the design engineers were in a better posi-
tion to specify the most advantageous core-proportions in the final toll
cable designs.

The large demand for M88 loading, relative to that for the heavier weights
of exchange area loading, resulted in the concentration of the early develop-
ment work on smaller 88 mh loading coils.

A comparison of the electrical and dimensional characteristics of the new
permalloy-core coils is given in Table XI (page 460), following the general
description of the new designs.

19.2 612 Coil for M8S Loading

The new permalloy-core 612 coil became available for a trial installation
late in 1926 and quantity production built up to a new high level for ex-
change area coils during 1927.

The size reduction made possible by the favorable permalloy character-
istics of high permeability in combination with low losses was carried to a
greater degree in the 612 coil than was feasible in the toll cable designs. It
was somewhat less than one-fourth as large as the 602 coil in volume and
weight. Coil G in the headpiece is a 612 coil.

The careful cost-equilibrium study that was made to determine the com-
mercial design requirements resulted in the 612 coil having a slightly smaller
d-c resistance than the 602 coil. The resistance-frequency characteristics
were sufficiently close to those of the 602 coil to warrant the acceptance of
the new coil as an “equivalent” design, with respect to plant engineering.

The development of the 612 coil involved new design and manufacturing
problems beyond those encountered in the design and manufacture of the
improved core-material. To make feasible the small size of the toroidal
core, an entirely new type of winding machine suitable for high-speed wind-
ing to an inner diameter of about 0.75 inch had to be made available. The
use of small cores also made it desirable to have a better space-factor in
the copper winding. This was achieved by using a composite (conductor)
insulation of black enamel and single cotton, instead of the double serving
of cotton employed in previous, much larger, designs. Subsequently this
change was incorporated in the designs of all small loading coils.
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The large size-reduction relative to the 602 coil resulted in substantial
reductions in coil costs, notwithstanding the higher (per unit volume) cost
of the improved core-material due to the more complicated processes and
the high cost ratio of nickel to iron. The cost reduction in the coils was ac-
companied by a large reduction in the potting and installation costs. When
the coils were first standardized, the potting complements were similar to
those for the 602 coils but the cases were much smaller. Later on, larger-

Fig. 16—Case size reduction resulting from coil size reduction. Cast iron cases con-
laining 200 88-mh. coils. At left: No. 612 (permalloy core) coils; total weight potted coils,
725 Ibs. At right: No. 602 (hard iron dust core) coils; total weight potted coils, 1750 Ibs.

size cases potting complements of 450, 600, and 900 coils were standardized.
Using cases no larger than the previous maximum-size cases, potting com-
plements ranging up to about 2000 coils could have been made available,
if a demand for them should have arisen. Incidentally, the demand for the
900-coil cases was small. The extensively used complements in the range
300-600 coils proved to have a large value in relieving serious congestion
in the underground loading-vaults in metropolitan areas, notably New York,
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and in general made it feasible to provide smaller-sized loading vaults for
new installations.

It is important to note that the small size and reduced cost of potted
612 coils led to a general use of M88 loading on non-quadded 24 ga. cables,
thus permitting additional cost-reductions in the cable plant. Such facilities
were cheaper than non-loaded 22 ga. cables, and had a greater transmission
range—subject in some instances to signaling restrictions.

It is also of interest that the 612 coil was the first standard loading coil
sufficiently small to be placeable within loading splice-sleeves. When only
a few coils were required at a particular point, this method of installation
permitted worthwhile economies as compared with the use of conventional
types of loading coil cases and stub cables.

The 612 coil remained standard for about 10 years, during which period
more than a million of them were manufactured. It had a much greater
economic impact on the fundamental design of the exchange area plant
than any other individual loading coil, notwithstanding the fact that the
present standard 88 mh loading coil, subsequently described, has already
been used in much larger quantities.

19.3 623 Coils for H135 Loading
624 Coils for HI75 and DI75 Loading

During the development of the 603 (135 mh) iron-dust core coil described
in subdivision 18.2, it was fully appreciated from the transmission cost equi-
librium standpoint that a higher grade design would be warranted if it could
be obtained at a moderate increase in cost. Since this would have meant a
new coil-size intermediate between that of the 603 (and 602) coil and the
much larger 575 coil, a decision was made to use the 602 core, thereby ob-
taining quick savings.

It was appreciated also that a less efficient loading coil than the 574
(175 mh) coil would be good enough for H175 and D175 loading, if it could
be obtained with a sufficiently large cost-reduction.

These objectives were carefully considered from the cost-equilibrium
standpoint. It turned out that the use of a permalloy core of the same size
as the iron-dust core of the 602 and 603 coils would come close to an ideal
economic solution of the service requirements for the heavier weights of
exchange area loading, and accordingly the use of this size of core and coil
was decided upon. An important additional, immediate, economic advan-
tage was that the new coils could be potted in the cases originally developed
for the 602 and 603 coils, thus minimizing new potting developments. The
demand for the heavier weights of loading could be met with smaller-sized
complements than those frequently required for M88 loading, and conse-
quently no new larger sizes of cases were necessary.
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Compared with the 603 coil, the new 613 (135 mh) loading coil gave a
material improvement in transmission, the value of which was large rela-
tive to the small cost-increase involved. On the other hand, the 613 coil was
nearly as good from the transmission standpoint as the much larger 575
coil and the cost per potted coil was about one-third lower. A substantially
similar comparison applied between the new 614 (175 mh) coil and the
old standard 574 coil.

During the late 1920’s the high demands for new facilities and the plant
rearrangements to meet the higher cut-off loading standards combined to
require a somewhat larger total quantity of 613 and 614 than 612 coils.
The importance of the higher inductance coils dropped substantially after
1930, especially that for the 175 mh loading.

19.4 618 (44 mh) and 619 (22 mh) Loading Coils

These low-inductance coils, using the same core as the 612 coil and the
same types of cases, became available during 1931, primarily for use in cor-
recting spacing irregularities in loaded exchange area trunks.

TaBLE XI
CoMPRESSED PERMALLOY-PoOWDER CORE ExciANGE AREA LoabpiNe CoiLs
. . Approx. Over-all Di ions—
Coil Code Igj?ﬁ;ligg]ce Resistances—Ohms ppr Tnches imensions
0. (mh)
d-c 1000 cycles Diam. Ax, Height
612 88 8.5 9.3 2.0 0.75
618 44 4.9 5.2 “ «“
619 22 2.5 2.7 “ «
613 135 5.5 6.8 3.5 1.10
614 175 8.0 9.7 “ “
615 250 12.0 14.0 “ “

19.5 Subscriber-Loop Loading

During 1933 the practice of using the 618 (44 mh) coil at M or H-spacing
got a good start on long subscriber loops. This new field for loading had been
under study for some time, and has greatly increased in importance during
the intervening years. In many instances, this practice makes it feasible to
meet the transmission limits on long loops in available 19 or 22 ga. sub-
scriber cables, when otherwise it would be necessary to use local battery
telephone sets, or install more expensive cable plant, or use relatively ex-
pensive telephone repeaters. Under some conditions, the 612 (88 mh) coil
was also used for loading long loops.

¢
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19.6 Coil Data

Some detailed data regarding the new coils above described are given in
Table XI. The resistance data include 0.5 ochm for 22 ga. stub cables. The
615 coil was made available primarily for emergency replacement use in
old plant using 250 mh loading.

(20) Seconp IncrEASE 1N Minimum Cur-Orr FreEQUENCY For LoaDED
ExcHANGE CABLES ’

20.1 General

During 1932 there became effective a second increase in the minimum
cut-off frequency standards for loaded exchange trunks, which in terms of
frequency ratio was about as large as the first change that was decided upon
in 1924, the successive (minimum) standards being 2300, 2800, and 3500
cycles.

The new cut-off frequency standard was implemented by the standardiza-
tion of a graded series of higher-impedance, lower-attenuation loading
systems described below. These made it possible to secure a substantial
reduction in the over-all costs of the exchange area trunks by permitting
a more extensive use of the cheaper types of cables, even though the cost
of the loading per mile became greater in consequence of the closer coil
spacing. The improved transmission characteristics, i.e., lower attenuation
and reduced frequency-distortion, resulted from the use of standard coils
at substantially closer spacings.

The above mentioned change in the relations between cable costs and
loading costs recognized a considerable departure from plant cost equilib-
rium that came about during the late 1920’s and early 1930’s in consequence
of the substantial reduction in loading costs that was realized by extensive
use of the permalloy-core coils previously described. Moreover, the prospect
of further savings was an encouraging factor in the adoption of the new
standards.

20.2 The New Loading Systems

The general characteristics of the new standard loading systems are
givenin Table XII. The letters H and B in the loading designations signify
6000 and 3000-ft. spacings. In the cable designations, ‘high” and “low”
capacitance have the same significance as in Table VIII.

Some typical attenuation data are given in Table XIII, for comparison
with attenuation data given in Table IX. The attenuation comparison by
itself, however, is not a completely adequate comparison since it ignores the
distortion-reduction advantage of the wider frequency-band transmitted by
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the improved loading. A brief general discussion of this particular advantage
is given in subdivision 20.3.

The field of use of the new loading systems on exchange area trunks in-
volves a number of factors, the most important being the cable length and
gauge, the subscriber-loop limits, and the transmission equivalent desired.

The B spaced loading is required principally on long toll connecting
trunks and tandem office facilities and has some use on the longest direct
inter-office trunks. For plant simplicity and flexibility reasons, both types
of B spaced loading are seldom used extensively in the same exchange

TaBLE XII
ImPROVED LOADING SYSTEMS STANDARDIZED IN 1932

. Approx. Cut-off Frequencies—Cycles | Approx. Nominal Impedance—Ohms
Loading
Designation

High Capacitance | Low Capacitance | High Capacitance | Low Capacitance

Cables Cables Cables Cables
HB88 3500 3900 950 1100
B88 4900 5500 1350 1550
B135 3900 4400 1700 1900
TaBLE XIIT
ATTENUATION DATA—LO0ADING SystEms oF TaBLE XII
Cable Attenuation at 1000 cycles—db/mi
Conductor Gauge Capacitance
(mf/mi) H88 Loading B88 Loading B135 Loading
(612 Coil) (612 Coil) (613 Coil)
24 0.079 1.23 0.94 —
22 0.083 0.79 0.60 0.48
19 0.085 0.42 0.34 0.26
19 0.066 0.38 0.30 0.24
16 0.066 0.21 0.18 0.14

area. B135 loading is more likely to be used in large metropolitan areas, and
B88 loading in smaller multi-office areas.

The H88 loading is used in all multi-office areas that have direct trunks
long enough to require loading. In such use it supersedes the former standard
M88 loading in new plant, and partly supersedes the former standard heav-
ier-weight loading systems, H135 and H175.

It was of great practical importance that the coil inductances used by the
improved loading systems should be those of available standard coils and
of extensively used former standard coils, so as to facilitate the rearrange-
ment and conversion of the old loaded plant to meet the new transmission
standards. In this general connection, the exchange cable trunk plant must
be more or less continuously fluid for several important reasons, including
the following: (1) to accommodate the traffic growth along existing routes
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and plant expansion in new routes, (2) to facilitate working to new trans-
mission limits that occasionally become desirable in consequence of the
introduction of improved subscriber sets, or for other reasons, and (3) to fit
in with the installation of new central offices and facilitate the occasional
abandonment of old offices during changes from manual to dial operation,
or for other reasons. In the plant rearrangements, old loaded circuits using
former standard coil spacings or inductances can sometimes be reused to
advantage, when engineered with suitable transmission distortion-penalties,
as subsequently discussed.

20.3 Effective Transmission; Distortion Penalties

The engineering transmission-cost studies that resulted in the standardi-
zation of the improved loading systems described in Table XTI were made
during a period in which a new philosophy of the design of complete
telephone systems evolved. The basic feature of this philosophy was the
acceptance of the rate of occurrence of repetitions requested by the users
of a particular cipcuit in carrying on a regular telephone conversation as a
measure of the grade of transmission-service performance of that circuit.
This involved the preparation of an adequate new system® of transmission
engineering data for use in the design of telephone systems, including the
effects of all factors that influence the service performance.

The new technique is of special interest in the present loading review
because it made possible for the first time an accurate quantitative appraisal
of the effect of the different widths of frequency band transmitted by differ-
ent loading systems. This is done in terms of the effective transmission loss
relative to that of the trunk in a convenient, working reference system. The
speech distortion that results from a reduction of the effective transmission
band width in a loaded trunk may be expressed as a loss which is equivalent
in transmission-service performance to a definite increase in the distortion-
less transmission loss.

In comparing different types of loading, the differences in distortion
penalties must be taken into account along with the attenuation differences.
Also, when proving in the use of loading, the distortion penalty of the non-
loaded trunk due to the unequal attenuation of frequencies in the speech
band must be considered together with the 1000-cycle attenuation loss.

For present purposes, in appraising the new loading systems under dis-
cussion, it is sufficient to say that the distortion penalty ratings of exchange
area trunks which use them are zero, or very close to zero, in the longest
trunks likely to be required in working to the present or probable future

® For comprehensive information on these matters reference should be made to an

article (34) by W. H. Martin published in 1931, and an article (35) by Messrs. F. W
McKown and J. W. Emling published in 1933.
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standards of transmission-service performance. On the other hand, the pen-
alty ratings for trunks using the old standard types of loading having lower
cut-off frequencies range from nearly 1 db to 4 db or more, depending pri-
marily upon the theoretical cut-off frequency.

From the foregoing, it can be understood that the distortion penalty in
old cables having old types of low cut-off loading may be a substantial frac-
tion of the total allowable effective transmission loss in the trunk.

(21) CompreESSED MOLYBDENUM-PERMALLOY PowpER CORE EXCHANGE
ArREA LoapinG Corrs

21.1 The Improved Core Material®

A brief general description of the new compressed molybdenum-permalloy
powder core-material is given under this heading in Section 11.1.

The low-inductance exchange area loading coils described below were
given priority in the commercial exploitation of the improved core-material
in message circuit loading.

21.2 622 (88 mh), 628 (44 mh), and 629 (22 mh) Loading Coils

The preliminary development-activity was in terms of 88 mh loading,
on account of the added importance of this loading which resulted from the
adoption of the higher cut-off loading-standards, described in the preceding
pages.

The transmission engineering studies and the cost -equilibrium design
studies resulted in a decision to reduce the coil size as much as possible,
without degrading transmission performance.

A size reduction of about 609, relative to the 612 permalloy-core coil,
proved to be feasible. The new coil, Code 622, was closely equivalent to the
612 coil. Actually it had somewhat better frequency-resistance character-
istics, because of the superior eddy-current loss characteristics of the im-
proved core-material. On the other hand it was not quite so good as the
612 coil with respect to susceptibility to magnetization by superposed d-c
signaling -currents. Coil H in the headpiece is a 622 coil (Coil G being its
standard predecessor, the 612).

The ability to make so small a molybdenum-permalloy core coil as the
622 coil, without degrading transmission, was principally due to the in-
genuity of the factory engineers in devising an entirely new, high-speed,
winding machine capable of winding a small toroidal core to a finished
inside diameter of 0.5”—an achievement which seemed impossible a decade
earlier when the 612 coil was developed. The use of an enamel-film insula-
tion on the core ring, in place of the overlapping fabric-tape employed on
larger and older designs, was a favorable factor in the more efficient utiliza-
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tion of the core winding-space. Although the percentage cost-reduction was
not large, the aggregate savings were large in consequence of the substantial
amount of new loading required. The reductions in potting costs of the new
smaller-size loading coil cases, and the savings in installation costs were
important factors in the total savings.

The new 44 mh and 22 mh loading coils, Code 628 and 629 respectively,
used the cores designed for the 622 coil. They were substantially equivalent
in transmission performance to the 618 and 619 coils. The new 628 (44 mh)
coil became quite important in subscriber-loop loading. Over the years
during which., they remained standard, the average annual production was
about one-fourth that of the 622 coil. Relatively very few 629 coils were
used.

21.3 623 (135 mh), 624 (175 mh), and 625 (250 mh) Loading Coils

The new 135 mh coil had about the same size and efficiency relations to
the 613 coil, as those that existed between the new and old 88 mh loading
coils (612 and 622). The entirely new size of core which was made available
for it was also used in the relatively unimportant, new higher-inductance
coils. The winding machine developed for the 612 coil was used in winding
the coils under discussion.

The over-all dimensions of the new coils were intermediate between those
of Coils H and G in the headpiece, being closer to H than to G. The expected
demand for the 623, 624, and 625 coils was not large enough to warrant the
development of an entirely new series of loading coil cases especially for
these coils. As these non-phantom coils were being developed concurrently
with the molybdenum-permalloy core side circuit and phantom circuit coils
for toll cables, i.e., the M-type loading units. described in Section 11.2,
arrangements were made for potting them in the new cases that were de-
veloped for potting the loading units. However, different assembly arrange-
ments and stub cables were required. Since the non-phantom coils were
only about 209, smaller than the coil components of the loading units, this
potting procedure was not unduly expensive for the non-phantom coils.

The percentage savings resulting from the development of the 623, 624,
and 625 coils was larger than that yielded by the 622, 628, and 629 coils but
the aggregate savings were much smaller in consequence of the much lower
demand for the higher-inductance coils.

(22) REDESIGN OF EXCHANGE AREA LoADING Coirs T0 TAKE ADVANTAGE
oF USE oF ForMEX INSULATION ON WINDING CONDUCTORS
22.1 General

During the late 1930°s a greatly improved type of enamel insulation
(developed by the General Electric Co.) known as ‘“Formex’” became com-
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mercially available for use on small copper wires. Studies of its application
to telephone apparatus indicated that further, worth-while size-reductions
in loading coils could be achieved by virtue of the greatly superior space-
factor of this insulation, relative to that of the combination of cotton and
enamel insulation that had been used for more than a decade in small
loading coils. Another advantageous possibility was the reduction of the
coil resistance by employing a larger size of conductor to utilize the winding
space saved by the thinner conductor-insulation. '

Although the better space efficiency of the Formex conductor insulation
was a contributory factor in the further size reduction of the smallest load-
ing coils, the size-reduction achievement under discussion was mainly de-
pendent upon the development and use of a new type of winding machine.

The new non-phantom type coils that resulted from the redesign work are
described below under appropriate headings. They all use compressed mo-
lybdenum-permalloy powder cores. Additional information regarding them
is given in an A.LE.E. paper,? previously referred to. In Table XIV (page
471) electrical and dimensional data are given on the individual coils, along
with corresponding data on the designs which they superseded.

22.2 632 (88 mh), 638 (44 mh), and 639 (22 mlzj Formex Insulated Coils

The- large current and expected future demand for the low-inductance
exchange area coils, relative to that for all other types of loading coils,
resulted in the concentration of the initial redesign efforts on these types
of coils.

In the redesign of the low-inductance coils, it was decided to reduce the
coil size as far as possible without degrading transmission performance.
An important secondary requirement was that the new design should not
be more susceptible to magnetization by superposed signaling currents than
the current standard coils, previously described.

Before these transmission requirements were finally set, the experimental
design studies had shown that worth-while cost-reductions could probably
be secured by using improved winding machines capable of winding the
coils to a new size-limit of 0.35-inch finished inside diameter. In due course,
the very difficult winding-machine design problem was solved by the factory
engineers. The above stated transmission requirements made it necessary to
use the same amount of core material (molybdenum-permalloy) as that used
in the 622, 628, and 629 coils, previously described. The coil design problem
was solved by a redesign of the core to obtain a shorter magnetic circuit
having a larger cross-section, keeping the same volume. (The inside and
outside diameters were reduced and the axial height increased.) This per-
mitted about a 209, reduction in the over-all volume and weight of the
wound coils, without appreciable degradation in transmission performance.
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Altogether, this was a remarkable achievement of the apparatus develop-
ment and factory engineers.

The new coils had code designations 10 digits higher than those of the
coils which they superseded, beginning on a quantity production basis dur-
ing 1942. The very extensively used 632 coil became widely known as the
“wedding-ring” coil. It appears as Coil J in the headpiece.

Fig. 17—Case size reduction 100-coil complements 88 mh. coils. At left: Lead sleeve
case containing No. 622, molybdenum-permalloy core, coils. At right: Welded steel case
containing No. 632 coils having Formex insulated windings on molybdenum-permalloy
cores. :

To provide the most economical potting arrangements for the new coils
an entirely new series of loading coil cases was developed.

The economies that have resulted from these coil and case developments
in the post-war period are large relative to the development cost, and are
large in the aggregate, even though the savings per potted coil are small.
The current demand for this series of coils greatly exceeds the aggregate
demand for all other types of loading coils.

At this point it is of interest to present Fig. 18, which illustrates the pro-
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gressive size reduction in loading coil cases for exchange area loading which
resulted from the coil size reduction, starting with the 602 coil (1925) and
including the 612 coil (1927), the 622 coil (1937) and 632 coil (1942). These
88-mh loading coils are equivalent to one another in transmission perform-
ance.

Tig. 18—Progressive case size reduction 1925-1942 200-coil complements—88 mh.
loading coils. Left to right: No. 602 (hard iron-wire core) coils in cast iron case; No. 612
(permalloy core) coils in “thick” steel cases, welded joints; No. 622 (molybdenum-per-
malloy core) coils in “thick” steel cases; No. 632 (molybdenum-permalloy core) coils in
tubular “thin” steel cases.

22.3  Special Loading Coil for Signal Corps Spiral-Four Cable”

A digression from the main line of the story is appropriate and permis-
sible at this point, since the special coils used in loading the very important
spiral-four cable carrier systems that were extensively used by the army
during World War II were made possible by the development work that
led to the standardization of the 632 coils, and by the development of the
60-permeability molybdenum-permalioy powder core-material, described in
Section 11.1. These 6 mh “army” loading coils used 60-permeability cores
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having the same dimensions as the 125-permeability cores of the 632 coils.
The small over-all dimensions of the coils made it practical to mount them
within the “connectors” that terminated each quarter mile length of spiral-
four cable, without requiring the connectors to be appreciably larger than
otherwise would have been necessary. Thus, in effect, the loading was built
into the cables at the factory, thereby simplifying installation. Another re-
markable feature of the loading was that it had a cut-off frequency of about
22 kc and provided satisfactory transmission for cable carrier systems using
a frequency-band extending to 12 kc. One indication of the importance of
the coil under discussion was that nearly two million of them were manu-
factured for the United States Signal Corps before VJ day.

224 Impact of Sirategic Malerial Scarcities on Loading Coil Design

Before the redesign of other loading coils could be undertaken to take
advantage of the space-saving possibilities inherent in the use of Formex-
enamel insulation, a new design factor suddenly became controlling. Nickel
had become a strategic war material, and accordingly severe restrictions
were placed upon its use, including all magnetic alloys in which nickel was
a constituent. Molybdenum-permalloy was in this category.

This made it necessary to redesign the toll cable phantom loading units,
as mentioned in the description of the “SM” type loading units (Section
11.3), the high-inductance exchange area loading coils, and certain non-
phantom type toll cable loading coils used principally for ‘“order-wire”
circuits in coaxial cables.

As the new low-inductance exchange area coils (632, 638, 639), previously
described, used only a very small amount of nickel (about 0.9 oz. per coil),
no further worth-while reductions in the core size could be obtained with-
out objectionable reactions on transmission, and without undertaking ex-
tensive development work that would have interfered objectionably with
much more important war jobs. Consequently, the new 632, 638, and 639
coils were continued as standard designs. Large quantities were used during
the war, and very much larger quantities since V] day.

22.5 643 (135 mh), 644 (175 mh), and 645 (250 mh) Exchange Area Loading
Coils

Since the standard 623, 624, and 625 coils, previously described, used
about four times as much nickel in their cores as the 622 (and 632) loading
coils, their redesign became an important factor in the new development
program to conserve nickel.

A relatively simple solution for this specific problem was worked out,
namely to use Formex-insulated conductors on the cores developed for the
622 series of coils. This saved three-quarters of the nickel used in the
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623 series of coils. By using the 622 core instead of the 632 core, a larger
winding-space became available for the same savings in nickel, and a lower
winding resistance was obtained. New loading coil cases were not required,
since the redesigned coils could be potted in the cases developed for the 622
series of coils.

The use of the much smaller cores necessarily resulted in resistance val-
ues that were substantially higher than those of the 623 series of coils,
notwithstanding the improved winding-space efficiency of the Formex-
enamel conductor insulation. The increments in the d-c resistance (relative
to the 623-coil series) were a little over 60%. The effective resistances at
1 ke were approximately 509, greater. The attenuation impairments that
resulted from the increases in resistance were in the general range 0.01 to
0.02 db/mi at 1000 cycles, depending upon the type of cable and weight of
loading, and were considered to be tolerable for war-emergency designs.

22.6 641 (44 mh) and 642 (88 mh) Non-Phantom Toll Cable Coils

These are briefly mentioned here because of their general similarity, ex-
cept as regards inductance and resistance, to the 643, 644, and 645 exchange
area coils described in the preceding paragraphs. They also make use of
cores developed for the 622 coils and utilize Formex-insulated conductors.

These coils are replacement “nickel-saving” designs for pre-war standard,
“toll-grade” non-phantom type of cable loading coils, which were of about
the same size as the side-circuit loading coils used in the M-type loading
units. During the war the new coils had a moderate use as substitutes for
SM-type loading units on toll cables, thereby saving additional amounts
of nickel. The 641 (44 mh) coil has about the same resistance characteristics
as the side circuits of the SM-type 44-25 mh phantom group loading units.
A similar general relation exists between the 642 (88 mh) coil and the side-
circuit of the SM-type 88-50 mh loading units.

The present principal field of use for the 641 and 642 coils is on 4-wire
type and 2-wire type ‘“order-wire” circuits in coaxial cables for use in the
operation and maintenance of coaxial cable systems. Some of these order-
wire circuits are as long as or longer than the longest loaded commercial
message circuits used prior to the general introduction of cable carrier sys-
tems into the toll cable plant. The 643 coil also is occasionally used on short-
haul order-wire circuits in coaxial cable systems.

22.7 651 (44 mh) Coil for Subscriber-Loop Loading

This was a post-war development looking towards the reduction in cost
of subscriber-loop loading. .

During the war, the design of a radically new type of automatic winding
machine made it feasible to apply fine-wire, high-inductance windings on a
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“miniature toroidal core much smaller than the smallest loading coil core
previously described. This eventually led to studies of the desirability of
using the miniature core in loading coils. The initial study showed definitely
that this miniature core would not be good enough for loading coils. Larger
cores, about one-half as large as the 632 coil core, were then considered.

The transmission economic studies of this design showed it would not be
suitable for general use in loading exchange area trunks, in consequence of
the increased attenuation that would result.

TaBLE XIV

CoMPRESSED MOLYBDENUM-PERMALLOY PowDER CoRre Loaping CoILs FOR
NoN-QuabppED CABLES

. A imat A i
Coil (o:ode Ii\d?lr(rill:‘:s}:e Resista}?xggg:l—nghgls b Over-all ]ggrrl‘::;lsrﬁ)?:—lnches
(mb) d-c 1000 cycles Diameter Ax, Height
622 88 9.0 9.8 1.6 0.63
628 44 4.7 5.1 “ «
629 22 2.5 2.7 “ “
623 135 5.7 6.8 2.25 0.91
624 175 8.1 9.5 “ «“
625 250 11.9 14.0 “ “
632 88 9.0 9.8 1.25 0.63
638 44 5.1 5.5 “ «
639 22 2.6 2.8 « «
641 44 3.5 4.1 1.60 0.63
642 88 5.9 7.4 « “
643 135 9.3 10.6 “ «
644 175 13.0 14.7 “ “
645 250 19.3 21.9 “ “
651 : 44 7.5 8.1 1.06 0.43

@) Resistance data include the resistance of 73 ft. of stub cable except for the 651 coil
used only in loading splices and having low-resistance short leads.

The standard 632 and 641 series of coils have 24 ga. stub cables with 0.8 ohm resistance.

The superseded 622 and 623 series have 22 ga. stub cables with 0.5 ohm resistance,
excepting the 622 coil when potted in lead-type cases or in its 450-coil case with 24 ga.
stub cable.

A proposed new 44 mh coil, using this core, was, however, found to be
good enough for use as a partial substitute for the standard 638 coil in
loading long subscriber loops under conditions mentioned below.

This new “miniature” loading coil is coded 651. It appears in the head-
piece as Coil K. ~

The very small size of this coil makes it especially suitable for potting
in a plasticized-type “case” for installation in loading splices. These cases
involve an assembly of coils on a common spindle. Under favorable con-

ditions, by using one or more spindle units, loading complements ranging up
v
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to a total of about 60, or more, coils may be installed at a single loading
splice. It is expected that a considerable fraction of new installations of
subscriber-loop loading may be in terms of splice installations of 651 coils. .
In occasional instances where large complements are required, and the
cable-splicing conditions are not favorable for splice loading, the larger
sized 638 coils will be used, potted in conventional types of loading coil
cases. This plan avoids the need for developing entirely new, conventional
design, cases for the 651 coil.

Commercial production of the 651 coil and their new splice cases started
during 1948. It is expected that the future savings in the cost of new plant
(due to the cheaper coils, cases, and installation) will be large relative to
the development cost.

22.8  Summary of Coil Dala

Table XIV gives a summary of electrical and dimensional data on the
molybdenum-permalloy core message-circuit coils described in the preceding
pages.
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Deformation Potentials and Mobilities in Non-Polar Crysials.* J. BARDEEN!
and W. SHOCKLEY.! Bibliography. Phys. Rev., v. 80, pp. 72-80, Oct. 1, 1950.

ApstrACT—The method of effective mass, extended to apply to gradual
shifts in energy bands resulting from deformations of the crystal lattice, is
used to estimate the interaction between electrons of thermal energy and
the acoustical modes of vibration. The mobilities of electrons and holes are
thus related to the shifts of the conduction and valence-bond (filled) bands,
respectively, associated with dilations of longitudinal waves. The theory is
checked by comparison of the sum of the shifts of the conduction
and valence-bond bands, as derived from the mobilities, with the shift of
the energy gap with dilation. The latter is obtained independently for silicon,
germanium and tellurium from one or more of the following: (1) the change
in intrinsic conductivity with pressure, (2) the change in resistance of an
n-p junction with pressure, and (3) the variation of intrinsic concentration
with temperature and the thermal expansion coefficient. Higher mobilities
of electrons and holes in germanium as compared with silicon are correlated
with a smaller shift of energy gap with dilation.
" Lepeth Sheath for Telephone Cables. E. J. LaRSEN? and R. B. FARRELL.?
Elec. Engg., v. 69, pp. 1014-1017, Nov., 1950.

ABsTRACT—A new telephone cable sheath design has heen developed by the
Bell Telephone Laboratories in cooperation with Western Electric engineers.
This sheath structure consists of a polyethylene jacket extruded on the
cable core, over which a relatively thin lead sheath is applied. This design
provides a high degree of protection against cable damage by lightning, and
its adoption has resulted in a reduction in costs.

Effects of Calendar Shifts in Series of Monthly Daia. C. E. ARMSTRONG.?
Am. Statistician, v. 4, pp. 20-21, Oct., 1950.

Scaltering of Electrons in Crystals in the Presence of Large Electric Fields.
J. Barpeen! and W. SHOCKLEY.! Phys. Rev., v. 80, pp. 69-71, Oct. 1, 1950.

AssTrRACT—BYy the calculation of transitions between states appropriate to
electrons moving in a large uniform electric field superimposed on a periodic
crystal field, it is shown the probabilities of scattering by lattice vibrations

;“ ﬁ‘\?p{int of this article may be obtained on request to the editor of the B. S. T. J.

2W. E. Co.
3A.T. & T. Co.
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or imperfections are independent of the uniform field and are given by the
usual expressions derived for zero field. This justifies the procedure of treat-
ing acceleration by the field and scattering as independent processes.

Conductivity Measurements at Microwave Frequencies.* A. C. Beck! and
R. W. Dawson.! I.R.E., Proc., v. 38, pp. 1181-1189, Oct., 1950.

AsstrACT—Because of the skin effect, the surface condition of conductors
becomes very important in determining attenuation at microwave fre-
quencies. This has been investigated by measuring small wire samples at a
frequency of about 9,000 megacycles. A sample of the wire to be measured
is inserted in a metal tube to form the center conductor of an open-ended
coaxial line. The ratio of the peak frequency to the half-power bandwidth of
this coaxial-line resonator, measured with the aid of an oscillographic display
of its amplitude-versus-frequency characteristic, gives its loaded Q. The
amplitude characteristic of the frequency-modulated signal generator, on
which a wavemeter marker appears, is viewed simultaneously and used as a
reference. By correcting the result to obtain the unloaded Q of the center
conductor alone, the effective conductivity of the sample is obtained.

Results of measurements on a number of samples of different conductors
having various surface conditions, treatments, and platings are given.
These results are of value in the design of microwave components of all
types where loss is a factor of importance.

Propagation of UHF and SHF Waves Beyond the Horizon. K. BULLINGTON.!
Letter to the editor. I.R.E., Proc., v. 38, pp. 1221-1222, Oct., 1950. ]

Stmple Torsion Pendulum for Measuring Internal Friction. M. E. FINE.!
J1. Metals, v. 188, sec. 1, p. 1322, Nov., 1950.

Experiments on the Initiation of Electric Arcs.* F. E. HAwortH.! Phys.
Rev., v. 80, pp. 223-226, Oct. 15, 1950.

AssTtrACT—Arcs have been struck in vacuum between widely spaced elec-
trodes by positive ion charging of an insulating film on the cathode, at sepa-
rations from 0.5 to 5 mm and at potentials from 34 to 2000 volts. The arc
current must be allowed to grow initially at the rate of at least 10 amp./sec.
for the arc to occur. These experiments constitute a test of one of the funda-
mental steps postulated to account for the initiation of an arc between elec-
trodes coming together at low voltages.

Mobilities of Molecular and Atomic Rare Gas Ions in the Parent Gases:
Helium, Neon, and Argon. J. A. HorNBECK.! Letter to the editor. Phys.
Rev., v. 80, pp. 297-298, Oct. 15, 1950.

Bell Telephone Laboratories—An Example of an Institute of Creative Tech-

* A reprint of this article may be obtained on request to the editor of the B. S. T. J.
1B.T.L.
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nology.* M. J. Kerrv.! Roy. Soc. Lond., Proc., A, v. 203, pp. 287-301, Oct.
10, 1950.

AsstracT—To keep pace with the evolution of its research laboratory and
take advantage of the opportunities accruing from the adoption of the
_scientist and his methods, the engineering organization of industry has
undergone major change. Its relatively simple operation, in the last century,
of transforming the inventor’s model into a design for manufacture, per-
formed largely by empirical methods, has now expanded into many succes-
. sive interlaced operations. Each, as it has matured, employs more of the
scientific method and of fundamental analysis in the solution of its problems.

There has been so much emphasis on industrial research and mass-produc-
tion methods in my country, that even our well-informed public is not
sufficiently aware of the necessary and most important chain of events that
lies between the initial step of basic research and the terminal operation of
manufacture. In order to stress the continuity of procedures from research
to engineering of product into manufacture and to emphasize their real unity,
I speak of them as the single entity ‘organized creative technology’. I am .
using the Bell Telephone Laboratories and its operatlons as an exemplifica-
tion of this unity.

Pseudo Closed Trajectories in the Family of Trajectories Defined by a System
of Differential Equations. L. A. MacCoLrr.! Quart. Applied Math., v. 8, pp.
255-263, Oct., 1950.

AsstracT—This paper is concerned with certain simple closed curves, here
called pseudo closed trajectories, which play an important part in deter-
mining the topological properties of the family of trajectories (or char-
acteristics) defined by a system of differential equations of the form

dx

= = X ),

%’ = V(x,y).

Some of these curves are considered in a rather incidental way in the writings
of Poincaré. However, the full concept of pseudo closed trajectories does not
seem to have been discussed explicitly heretofore.

Teletype’s Share in Bell System Operations. P. H. M1eLE.? Bell Tel. Mag.,
v. 29, pp. 180-190, Autumn, 1950.

ABstrRACT—Western Electric makes equipment for transmission of the
spoken word; Teletype, its subsidiary, makes equipment for transmission
of the written word.

* A reprint of this article may be obtained on request to the editor of the B. S. T. J.

1B.T.L.
2W. E. Co.
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Mechanism of Magnetization and Alnico V. E. A. Nespirt! and H. J.
Wirriams.! Letter to the editor. Plys. Rev., v. 80, pp. 112-113, Oct. 1, 1950.

The P-Germanium Transistor.* W. G. PFann' and J. H. Scarr.! I.R.E.
Proc., v. 38, pp. 1151-1154, Oct., 1950.

ABsTRACT—The transistor effect in p-type germanium is discussed and some
properties are given for p-germanium transistors made in the laboratory. -
These exhibit higher cutoff frequency and somewhat lower current multipli-
. cation than their n-germanium counterparts. Under certain conditions a

negative resistance “snap” effect is observed which is apparently peculiar
to p-type germanium. Both types of transistor are governed by the same
physical principles but they differ in the signs of the emltted carriers and of
the bias voltages.

Transistor as a Reversible Amplifier. W. G. Prann.! Letter to the editor.
I.R.E., Proc., v. 38, p. 1222, Oct., 1950,

Electronics. J. R. PIERCE.! Sci. Am., v. 183, pp. 30-39, Oct., 1930.

ABSTRACT—A general account of the means by which the smallest funda-

. mentlal particles are manipulated to accomplish many subtle tasks of our
technological civilization.

Millimeter Waves.* J. R. Pierce.! Physics Today, v. 3, pp. 24-29, Nov.,
1950.

ABsTRACT—Lying between the longest infrared rays and the shortest micro-
waves of the electromagnetic radiation is the region of millimeter waves,
which are difficult to produce and to measure and which have as yet found
few applications. The millimeter wave range, a relatively undeveloped field
for research, presents a challenge to theoreticians, experimentalists, and in-
ventors alike. This article was prepared at the request and through the co-
operative effort of the ONRD advisory committee on millimeter wave
generation as a means for stimulating effort in this new field.

Note on Stability of Electron Flow in the Presence of Positive Tons. J. R.
Prerce.! Letter to the editor. JI. A pplied Phys.,v. 21, p. 1063, Oct., 1950.

Communications Metallurgy.* E. E. ScHumAcHER.! Delivered at annual
autumn meeting of the Institute of Metals at Bournemouth, Sept. 18, 1950.
Inst. Metals, J1., v. 18, pp. 1-23, Sept., 1950.

ABSTRACT—The lecture describes the function of the metallurgical depart—
ment in a communications system. The need for metallurgical research and
development, the origin of metals problems, the requirements imposed on
metal components, and the integration of metallurgical developments into
an operating communications system are given emphasis. It is shown how

* A reprint of this article may be obtained on request to the editor of the B. S. T. J.
1B, T. L.
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the solutions to problems may derive from previous experience, from empiri-
cal investigation, or from fundamental research. ‘

Ilustrative examples are glven to demonstrate the complementary roles
of engineering and research in correlating the properties of metals with
their structure, and their structure with their history of fabrication.

Carrier Telephone on Rural Power Lines. J. L. SIMoN.* Elec. Light & Power,
v. 28, pp. 92, 137, Oct., 1950.

ABSTRACT—A pictorial and diagrammatic treatment of the ‘problems in-
volved in transmitting carrier telephone currents over existing rural power
lines. '

Weathering Studies on Polyethylene.* V. T. WaLLDER,! W. J. Crark,!
J. B. DE Costg,! and J. B. HowArDp.! References. Ind. & Engg. Clzem v.
42, pp. 2320-2325, Nov., 1950.

ABSTRACT——Po]yethylene has been used for a number of yearsas a dielectric
material but only recently has it been considered as a mechanical protection
for wires and cables intended for direct exposure to the weather. Data are
presented on the results of a 10-year program on the effects of weather on
polyethylene. An accelerated test, which for the materials tested shows good
correlation with natural aging, is described and used to evaluate the aging
characteristics of compounds of polyethylene containing carbon black.
Data are given showing effects on aging of different types of carbon blacks
such as furnace and channel blacks, effects of carbon black concentration
on aging, the necessity for efficient dispersion of the carbon black in'the
polyethylene, and the relation between aging and carbon-black particle size..
Age resistance of polyethylene is shown to increase as the average molecular
weight of the polymer is increased. These data indicate that channel grades
of carbon black which have a particle diameter of about 25 mg or less when
well dispersed in an appropriate polyethylene at concentrations of 1 to 2%,
can produce compositions having a natural outdoor life expectancy suffi-
ciently long to be considered for most outdoor applications in the wire and
cable field.

Why Standardize Thicknesses of Thin Flat Metals. 1. V. WiLL1AMS.! Stand-
ardization, v. 21, pp. 260-261, 272, Oct., 1950.

AgstrACT—Before considering the methods of standardizing thicknesses of
metals, let us first consider why there should be any demand or need for such
standards. Some very strong arguments can be advanced in favor of such
practice, and the benefits which are derived therefrom should favor pro-
ducers, warehousemen, and consumers.

* A reprint of this article may be obtained on request to the editor of the B.S.T.J.
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Test of 450-Megacycle Urban Area Transmission to a Mobile Receiver.®
A. J. Axexs! and L. Y. Lacy! I.R.E., Proc., v. 38, pp. 1317-1319, Nov.,
1950.

ABsTRACT—Measurements were made of mobile radio-telephone trans-
mission at 450 Mc in New York City using frequency modulation. Compari-
son was made with transmission at 150 Mc using identical speech modula-
tion. Effective radiated powers were about equal. Direct comparison tests
were made with the receivers installed in a moving automobile. The trans-
- mitter and the receiver used at 450 Mc were developed especially for the
job. The receivers used at the two frequencies had substantially the same
noise figures. The tests permitted estimates of the relative magnitudes of the
shadow losses at the two frequencies and included measurements of rf noise.
Subjective tests of circuit merit comparing the two frequencies were made
by a number of observers.

Pressure Broadening of the Ammonia Inversion Line by Foreign Gases:
Quadrupole-Induced Dipole Interactions.® P. W. ANDERSON.! Phys. Rev.,
v. 80, pp. 511-513, Nov. 15, 1950. ‘

ABsTRACT—The broadening of the 3,3 line of the inversion spectrum of
ammonia by foreign gases which are not expected to have dipole or quadru-
pole moments has been measured accurately by Smith and Howard. This
broadening is greater than that previously computed by the author using
the interaction of the molecule’s dipole moment with the induced dipole
on the foreign gas atom. In this paper the broadening is explained quanti-
tatively using the interaction of the induced dipole on the foreign gas atom
with the quadrupole moment of ammonia. It is concluded that a model of
the ammonia molecule using bond dipoles of the appropriate size to give
the known dipole moment, or a model with point charges at the atoms,
again adjusted to give the correct dipole moment, both give quadrupole
moments which explain the broadening cross sections with good accuracy.

Antenna Systems for Mullichannel Mobile Telephony.* W. C. BaBcock!
and H. W. Nyruonp.! I.R.E., Proc., v. 38, pp. 1324-1329, Nov., 1950.

ABsTrRACT—This paper describes an arrangement whereby several antennas
may be mounted on a single mast at the transmitting site of a multichannel
system operating in the 152- 162-megacycle band. The antennas are so dis-
posed as to minimize shadowing effect of the mounting structure, while
keeping intertransmitter coupling to a tolerable minimum. Measurements
of the electrical characteristics are presented for arrangements of 6 antennas
mounted on a 62-foot steel mast. These measurements on a full-scale struc-

* A reprint of this article may be obtained on request to the editor of the B. S T. J.
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ture are supplemented by tests at a higher frequency on reduced-scale, sim-
plified models.

Wave Functions for Superconducting Electrons.* J. BARDEEN.! References.
Phys. Rev., v. 80, pp. 567-574, Nov. 15, 1950.

AsstracT—Theobserved variation of the transition temperature of mercury
with isotopic mass is evidence that the superconducting state arises from in-
teraction of electrons with lattice vibrations. The interaction term which
gives scattering of electrons at high témperatures contributes at low tem-
peratures a term to the energy of the system of electrons plus normal modes.
Frohlich has calculated the interaction energy at T = 0°K by second-order
perturbation theory. The energy is calculated here by taking wave functions
of superconducting electrons, which have energies near the Fermi surface,
as linear combinations of Bloch functions whose coefficients are functions
of coordinates of the normal modes. In an equivalent approximation,
Frohlich’s expression for the interaction energy is obtained. When the
energy is calculated directly rather than by perturbation theory, modified
expressions are obtained for the energy and distribution of electrons in the
superconducting state. The criterion for superconductivity is h/r >~ 27«T,
where 7 is the relaxation time for electrons at some high temperature T
where 7T is constant. It is shown that superconducting electrons have small
effective mass.

Clampers in Video Transmission.* S. DoBa, Jr.! and J. W. Rigke.! 4.7,
E.E., Trans.,v. 69, pt. 1, pp. 477-487, 1950.

AnstrAcT—One of the major problems connected with the transmission of
television signals is the exceptionally wide video band of frequencies in-
volved. For the present black-and-white standards this amounts to about
4 megacycles. In the transmission of the television signal at video frequencies,
that is, noncarrier transmission, the problem is further complicated because
the lower limit of the frequency range extends literally to zero frequency.

Calculation of Vowel Resonances, and an Electrical Vocal Tract.* H, K.
Dunn.! Bibliography. Acoustical Soc. Am., J1I., v. 22, pp. 740~753, Nov.,
1950.

AmsTRACT—BYy treating the vocal tract as a series of cylindrical sections,
or acoustic lines, it is possible to use transmission line theory in finding the
resonances. With constants uniformly distributed along each section, res-
onances appear as modes of vibration of the tract taken as a whole. Thus,
the fundamental mode of the smaller cavity may be affected considerably
by a higher mode of the larger; and in addition, higher resonances are found

* A reprint of this article may be obtained on request to the editor of the B. S. T. J.
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without postulating additional caviti¢s. This is an advantage over the
lumped constant treatment, where it is necessary to postulate a different
cavity for each resonance, and where the interaction terms in the equation
do not include the higher modes of vibration. Under the distributed treat-
ment, dimensions for each vowel may be taken from x-ray photographs of
the vocal tract. The calculations then yield at least three resonances which
lie in the frequency regions known for the vowel, from analyses of normal
speech. Dependence of the different resonances upon the different cavities
is discussed in some detail in the paper. :

-An electrical circuit based on the transmission line analogy has been
made to produce acceptable vowel sounds. This circuit is useful in con-
firming the general theory and in research on the phonetic effects of articu-
lator movements. The possibility of using such a circuit as a phonetic stand-
ard for vowel sounds is discussed.

Basic Theory Underlying Bell Sysiem Facilities Capacity Tables. A. L.
Gracev.? ALEE. Trans., v. 69, pt. 1, pp. 238-243, 1950.

AnsTracT—Discussion of the many considerations involved in the layout
of a switching network adequate for present needs and flexible for future
change is beyond the scope of the present paper. Rather, it deals with the
specific problems of determining sizes of trunk groups and quantities of
various components of dial central office equipment by the methods cur-
rently used in the Bell System. Examples are given, with illustrative tables.
Enough of the probability theory underlying the tables is given to bring
out the assumptions made to fit or approximate the various service
conditions.

Binaural Localization and Masking.* W. E. Kock.! Acoustical Soc. Am.,
J1.,v. 22, pp. 801-804, Nov., 1950.

AsstracT—Binaural experiments are described which indicate that the
ability of the brain to localize a desired sound and to suppress undesired
sounds coming from other directions can be traced in part to the different
times of arrival of a sound at the two ears. It is suggested that the brain
inserts a time delay in one of the two nerve paths associated with the ears
so as'to be able to compare, and thus concentrate on, those sounds arriving
at the ears with this particular time of arrival distance.

The ability to perceive weak sounds binaurally in the presence of noise is
shown to be a simple function of the direction of the desired sound and noise.
An explanation is given for the effect reported by Koenig that front and rear
confusion is avoided by head movements.

:‘ A reprint of this article may be obtained on request to the editor of the B. S. T. J.
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Number 5 Crossbar Dial Telephone Swilching Sysiem.* F. A. Korn! and
JamEs G. FErGuSON! A.1.E.E., Trans., v. 69, pt. 1, pp. 244-254, 1950.

AssTtrACT—The field of application of this new switching system is more
extensive than that of any developed previously. The Number 5 system is
capable of operating with all present local, tandem, and toll switching sys-
tems of the Bell System and of the independent companies which connect
with it. In addition, it can serve as a tandem or toll center switching office
where this is advantageous. It can be readily equipped with features for
operation as required at toll centers for nationwide operator toll dialing and
also for automatic message accounting which permits subscriber dialing to
be extended to considerable distances. Number 5 crossbar is designed for
operation with as few as four digits in a subscriber number or it can complete
calls which require as many as 11 digits, (dialed by operators) three for the
national area code, three for the office code, four for the numericals and the
last for the station letter of the called number on certain types of party line
service.

Carrier-Controlled Relay Servos.* J. C. Lozier.! Elec. Engg., v. 69, pp.
1052-1056, Dec., 1950.

ABsTRACT—A study of servo systems shows that, when properly designed,
the carrier-controlled relay servo will perform as well as a servo system with
proportional control. In this article the problem of designing a carrier-
controlled relay servo system for remotely tuning the variable capacitors of
a transmitter is analyzed.

Quality Rating of Television Images.* P. MErTz,! A. D. FowLER,' and
H. N. CaristoPHER.! I.R.E., Proc., v. 38, pp. 1269-1283, Nov., 1950.

AssTrRACT—Two methods of evaluating impairments in television images
are described. Both employ observers and, therefore, yield subjective evalua-
tions. The first is an extension of Baldwin’s in which observers vote a prefer-
ence between pictures with different impairments; one of the pictures is
optically projected somewhat out of focus and is used as a reference. In the
second method, the impairment is rated by observers in terms of pre-worded
comments which are numbered and form a rating scale. Both methods permit
an evaluation in terms of liminal increments as computed from the distribu-
tion of votes of the observers. These methods have been used to evaluate the

- impairing effects of echoes and noise in television pictures, and also to relate
picture sharpness to other quality parameters.

Fundamentals of the Automatic Telephone Message Accounting System.*
J. MEszar.! AL.E.E., Trans., v. 69, pt. 1, pp. 255-268, 1950.

* A reprint of this article may be obtained on request to the editor of the B. S. T. J.
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AsstrACT—This paper discusses the economic background of the AMA sys-
tem, explains its fundamental coding technique, describes its unique appara-
tus elements, and presents the basic features of both the recording and
processing machinery.

Conduction Phenomena in Gases.* J. P. MoLNAR.! Elec. Engg., v. 69, pp.
1071-1076, Dec., 1950.

ABsTrACT—A review is made of the processes involved in the breakdown
of a gas, in which a body of neutral gas particles that acts as an insulator is
changed to one containing a great many charged particles that acts as a
conductor. Factors which must be taken into account in discussing these
mechanisms include the gas pressure and the nature of the applied field.

Rooter for Video Signals.* B. M. Orver.! I.R.E., Proc., v. 38, pp. 1301-
1305, Nov., 1950.

ABstrACT—This paper describes a device which takes the nth root of the
instantaneous amplitude of a video signal. Its function is to linearize the
over-all transfer characteristic, and thus to improve the picture quality in a
television system using linear camera tubes and conventional cathode-ray
viewing tubes. .

Tone Rendition in Television.* B. M. OLvEr.! L.R.E., Proc., v. 38, pp.
1288-1300, Nov., 1930.

AsTrRACT—This paper is a review of some of the brightness transfer char-
acteristics which may be obtained in television using present-day apparatus
and techniques. Several families of curves are presented which show the
effects of varying one or more of the relevant factors, the remainder being
held constant at reasonable values. -

New Electronic Telegraph Regenerative Receiver.* B. OSTENDORF, JRr..
ALE.E., Trans.,v. 69, pt. 1, pp. 32-36, 1950.

ABstrACT—An all-electronic device for removing distortion from start-stop
teletypewriter signals is described. The circuit utilizes a sine wave oscillator
for timing and binary counters for synchronization. It provides low output
distortion, high tolerance to input distortion, hit-reduction, transmission
of steady-space break signals, and regeneration of one element-length of stop
time. It features quick change of speed and code, use of office battery power,
and reduction of routine maintenance to one adjustment. Over a year’s
experience has been obtained with about 100 of these units.

Toward the Specification of Speech.* R. K. Porter! and J. C. STEINBERG.!
References. Acoustical Soc. Am., Ji., v. 22, pp. 807-820, Nov., 1950.

AmstracT—This is an interim report on studies of the specification of speech

* A reprint of this article may be obtained on request to the editor of the B. S. T. J.
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sounds from acoustical measurements. Methods based upon analysis, syn-
thesis, and vocal tract models are described. Included are the results of pre-
liminary measurements on the vowel sounds of 25 speakers. Some of the
problems in specifying the vowel sounds as indicated by these results are
discussed.

Protective Grounding of Electrical Installations on Customer’s Premises.
A. H. ScamrumER! A.1.E.E., Trans., v. 69, pt. 1, pp. 657-659, 1950.

ABsTrRACT—The problem of electrical safety in rural areas is one of pro-
viding adequate insulation on circuits and equipment, and effective ground-
ing and bonding. Providing adequate insulation presents no particular prob-
lems. However, there is some confusion as to what constitutes effective
grounding and bonding. This paper briefly discusses the various factors
which must be taken into account. The discussion is limited to a-c circuits.

Sia-System Urban Mobi'e Telephone Installation with 60-Kilocycle Spacing.™
R. C. Seaw,! P. V. Dmmock,! W. STRACK, Jr.,! and W. C. HunTER.! I.R.E.,
Proc., v. 38, pp. 1320-1323, Nov., 1930.

. AsstrACT—This paper describes a 6-system mobile radiotelephone installa-
tion in Chicago, operating in the 152- 162-megacycle band, and using 60-kc
spacing of carrier frequencies, rather than the 120-kc spacing of previous
practice. The measures required to achieve this frequency saving are de-
scribed, including filters and special antenna arrangements at the land trans-
mitter, “off-channel squelch” in the land receivers, connection of six land
receivers to a common antenna, and other special co-ordinating means.

Tone Rendition in Photography.* W. T. WiNTRINGHAM.! References. I.R.E.,
Proc., v. 38, pp. 1284-1287, Nov., 1950.

AsstracT—The photographic field is reviewed to find whether the tone
rendition of a good picture can be predicted. The television engineer can find
no solace in the fact that good photographs were made before measurements
were made of the photographic media. He will be thwarted further when he
learns that the best print is the result of experienced criticism of a work
print. However, the experience of the photographer in obtaining pleasing
results in spite of the limitations and distortions of the photographic proc-
ess should be useful to the television engineer.

Ferromagnetic Resonance in Nickel Ferrite® W. A. Yacer.! J. K. Gavrr,!
F.R. MErrir, and E. A. Woob.! References. Phys. Rev.,v. 80, pp. 744748,
Nov. 15, 1950.

AstrACT—The ferromagnetic resonance phenomernon in singletcrysta.ls of
NiO Fex0; has been studied at room temperature at 24,000 Mc/sec. Small

* A reprint of this article may be obtained on request to the editor of the B. S. T. J.
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samples were used in order to avoid electromagnetic cavity-type resonances.
The g-factor observed is 2.19. The first-order magnetocrystalline anisotropy
constant K; was found so be —6.27 X 10* ergs/cc. The absorption line was
very narrow (half-widths less than 100 oersteds) and fit a resonance curve
quite satisfactorily.

Two Comments on the Limits of Validity of the P. R. Weiss Theory of Ferro-
magnetism. P. W. ANDERSON.! Letter to the editor. Phys. Rev., v. 80, pp.
922-923, Dec. 1, 1950.

Television Picture Fidelity. M. W. BaLdbwiN, Jr.! Electronics, v. 24, pp.
106-107, Jan., 1950.

Asstract—Consideration of the various factors involved in the physics
of image formation on a television picture tube, and discussion of inherent
limitations and attributes of the overall system and its production
techniques. ‘

Changes in Conductivity of Germanium Induced by Alpha-Particle Bombard-
ment.* W. H. BratTaIN! and G. L. PEARSON.! Phys. Rev., v. 80, pp. 846-850,
Dec. 1, 1950.

AsstrACT—Thebombardment of n-type germanium by alpha-particles from
polonium first removes the conducting electrons at the rate of 78 per alpha-
particle. After the electrons are gone conducting holes are introduced at the
initial rate of 8.6 per alpha-particle. Some of these holes disappear with
time at room temperature after bombardment is stopped, leaving only two
conducting holes per alpha-particle. This change takes place only to the
depth of penetration of the particles, namely 1.9 X 10~ cm. The distribution
of holes with depth is not uniform. The concentration rises from an initial
value to a maximum at 1.4 X 1073 cm depth and then falls to zero. The maxi-
mum is about 2.5 times the initial value and the integral under the curve is,
of course, two holes per alpha-particle.

Experimental Verification of Space Charge and Transit Time Reduction
of Noise in Eleclron Beams.* C. C. CutLER! and C. F. QUATE.! Phys. Rev.,
v. 80, pp. 875-878, Dec. 1, 1950.

AsstracT—This paper describes a simple experiment which indicates some
significant properties of the noise currents in a long electron stream, and veri-
fies the applicability of the theory as worked out by Rack, Peterson, and
Pierce to the noise properties of klystrons and traveling-wave tubes. An
appendix shows that the observations are reasonably consistent with the
theory.

* A reprint of this article may be obtained on request to the editor of the B. S. T. J.
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Nole on the Inertia and Damping Constant of Ferromagnetic Domain Bound-
aries. C. KITTEL.! Phys. Rev., v. 80, p. 918, Dec. 1, 1950.

Reduction of SrO by Tungsten in Vacuuwm.* G. E. Moore,! H.-W. ALLI1SON,!
and J. Morrison.! Bibliography. JI. Chem. Phys., v. 18, pp. 1579-1586,
Dec., 1950.

AsTRACT—TIt is shown that in the temperature range 1150-1550°K, SrO
is reduced by tungsten in vacuum. Both the rate of the reaction and its
equilibrium constant can be calculated, giving values in substantial agree-
ment with the experiments, which were performed under conditions such that
both could be measured. The use of radioactive isotopes simplified the
experimental work.

Vaporization of Strontium Oxide.* G. E. Moorg,! H. W. ArLLison,! and
J. D. Strurners.! Bibliography. JI. Chem. Phys., v. 18, pp. 1572-1579,
Dec., 1950.

ABSTRACT—The vapor pressure of SrO was measured by studying the
product evaporated from platinum filaments coated with SrO. Most of the
experiments employed radiactive isotopes. The possibility of systematic error
caused by chemical reduction of the oxide or by its thermal dissociation is
discussed. A value of Ay, the heat evaporation at 0°K computed from the
results, is used to evaluate precision and to derive a vapor-pressure equa-
tion.

Millimeler Waves.* J. R. PIERCE.! Electronics, v. 24, pp. 6669, Jan., 1951.

Effect of Stress-Free Edges in Plane Shear of a Flal Body.* W. T. READ.!
JI. Applied Mech., v. 17, pp. 349-352, Dec., 1950.

ABsTrRACT—This paper determines the tangential stiffness of a flat rectangu-
lar body, or shear pad, with a uniform relative tangential displacement on
the upper and lower surfaces. The state of stress differs from pure shear in
that the edges are stress-free. The correction to the stiffness in pure shear is
obtained as a function of Poisson’s ratio and the length-to-thickness ratio.
The paper also illustrates the power of energy methods'in furnishing ac-
curate approximations with a small amount of numerical work when only
over-all quantities, such as stiffness, are investigated. By manipulating
energy relations and using the Prager-Synge approximate method a few
hours of slide-rule computation was sufficient to determine both upper and
lower bounds for the stiffness.

Growing Piezoelectric Crysials.* A. C. WALKER.! Franklin Inst., Ji., v.
250, pp. 481-524, Dec., 1950.

Asstract—This paper is a summary of work carried out at the Bell Tele-

*A reprmt of this article may be obtained on request to the editor of the B. S. T. J.
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phone Laboratories on the growing of large single crystals of three different
piezoelectric materials: ammonium dihydrogen phosphate (ADP); ethylene-
diamine tartrate (EDT); and quartz. Included are illustrations of some
basic principles observed in the growing of these crystals, descriptions of
improved apparatus for their growth, and pilot plant problems encountered
in conjunction with the commercial production of ADP and EDT.

Studies of the Propagation Velocity of a Ferromagnetic Domain Boundary.*
H. J. Wirriams,! W. Smockiey,! and C. KirTeL.! References. Phys. Rev
v. 80, pp. 1090-1094, Dec. 15, 1950.

ABsTrACT—This paper discusses the results and interpretation of measure-
ments of the propagation velocity of a ferromagnetic domain boundary in
the single crystal of silicon iron with a simple domain structure employed
previously by Williams and Shockley. The experiment is similar in prin-
ciple to the Sixtus-Tonks experiment, with the important difference that
in the present experiment the eddy current configuration is amenable to
exact mathematical calculation, thereby enabling.a quantitative comparison
with observation. Experiments and analysis similar to those described in
paragraphs IIT and V have been carried out by K. H. Stewart and were re-
ported at the Grenoble Conference on Ferromagnetism and Antiferromag-
netism as were the principal results of this article. However, it appears
from Stewart’s hysteresis loops unlikely that his specimen had as simple a
domain structure as that encountered in our experiments.

Progress in  Development of Test Oscillators for Crystal Units.* L.
F. KoernEr.! I.R.E., Proc., v. 39, pp. 16-26, Jan., 1951.

ABstracT—Early crystal unit test oscillators as conceived some 20 years
ago were principally duplicates of the actual equipment in which the crystal
units were to be utilized, a practice which resulted in a large variety of
test circuits and procedures for testing. It is now recognized that a knowledge
of the equivalent electrical elements making up the crystal unit is essential
to the circuit engineer, and that the older conception of frequency and ac-
tivity, the latter being an attempt to express the quality of a crystal unit in
terms of a particular oscillator circuit, do not define adequately its charac-
teristics. The equivalent electrical circuit of the crystal unit contains essenti-
ally a resistance, an inductance, and 2 capacitances, which together with
frequency define the performance of the unit. Crystal units are available
in the frequency range from about 1,000 cycles to over 100 Mc. Their re-
sistance range may vary from less than 10 ohms to over 150,000 ohms, the
inductance from a few millihenries to nearly 100,000 henries and the capaci-

* A reprint of this article may be obtained on request to the editor of the B. S. T. J.
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tances from about 0.001 puf to 50 wuf. Modern test oscillators, with fre-
quency and capacitance measuring apparatus as auxiliary equipment, will
measure these quantities with accuracies sufficient to meet present needs.
The transmission measuring circuit also is described and is proposed as the
standard reference circuit for comparison with the test oscillators.

Electro Spot Testing and Electrography.®* H. W. HErMaNcE! and H. V.
Wabprow.! Reprinted from A.S.T.M., Special Technical Publication No.
98, pp. 12-34, 1950.

* A reprint of this article may be obtained on request to the editor of the B. S. T. J.
'B.T.L. : :
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