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HEN insulating materials

Iike rubber ﬂlld pheno]

plastics are immersed in

water or exposed to humid air large

changes may occur in their resistivity,

dielectric constant, and power factor.

These changes are caused by water

which condenses on the surface, ad-

sorbs in the interstices of the material,

or 1s absorbed by soluble impurities.

Laboratory studies of these effects

help to predict the behavior of such
materials 1n service.

Initially, the rate of sorption® is
comparatively rapid whether the sub-
stance i1s immersed in water or water
vapor; in most cases the amount of
water taken up increases as the square
root of the time of exposure. Charac-
teristic sorption curves are shown in
Iigure 1 for soft vulcanized rubber
and phenol plastic in distilled water.

*Sorption 18 used in conformity with current

phraseology to signify the combined effect of
adsorption and absorption,

SC

Sorption ot Water
by Organic

Insulating Materials

By R. L. TAYLOR
Chemical Laboratories

The phenol plastic reaches a state of
equilibrium where sorption ceases, but
the rubber, which is elastic, may con-
tinue to take up water until it disin-
tegrates and is dlspersed throughout
the liquid. This is illustrated by the
logarithmic graphs of Iigure 2. At
vapor pressures less than saturation,
equilibrium is reached by both phenol
plastic and soft vulcanized rubber but
the rate of sorption and final water
content are less.

Several factors will cause sorption
curves to deviate from straight lines
before the point of equilibrium is
reached. Among these are changes
during the test in temperature or in
relative vapor pressure. Leaching of
water-soluble materials decreases the
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Fiyg. 1—Sorption of water by thin sheets of
insulating materials that are iminersed in
distilled water
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slopes of the curves; and the formation
of additional water-soluble materials
by oxidation shifts the curves upward.
The latter is of particular significance
because it is a measure of the deterio-
ration of materials when they come in
contact with water.

The straight-line logarithmic plot
of Iigure 2 can be used to predict
the water content of materials ex-
posed to water for a given length of
time, if fixed conditions of tempera-
ture and relative vapor pressure
are maintained. A rubber piece-part
which, for example, sorbs o.1 per cent
water in one day will, in accordance
with this straight-line relation, con-
tain about six per cent water after
ten years.

In the early stages of sorption the
percentage increase in weight of sheet
materials when exposed to water
varies nearly inversely with the thick-
ness of the sheet, provided its area 1s
large in comparison with its thickness.
Since the rate of sorption is given by
the slope of a curve showing the in-
crease 1n weight plotted against the
square root of time, the slope for a
sample of unit thickness will serve
as a sorption coefhcient to compare
different materials. At room tempera-
ture the sorption coefficient for a
phenol plastic is about 0.026; for soft
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by the rigid material
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rubber, 0.015 and for ebonite, 0.0024.
The coefficient describes the rate at
which a material takes up water, and
is not a measure of the final water
content of the material.

It has been demonstrated experi-
mentally for rubber that the logarithm
of the sorpticn coeflicient is inversely
propertional to the absolute tempera-
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ture. By using this straight-line rela-
tion it is possible to calculate from
short-time test data obtained at one
temperature the water content of
such materials after an extended
period of immersion at some different
temperature.

An important practiml application
of sorption data is predicting the
changes in dielectric constant which
accompany the sorption of water.
When sheets of soft vulcanized rubber
are immersed in distilled water at
constant temperature, the increase in
weight is proportional to the square
root of time, but the accompanying
increase in dielectric constant of the
material is proportional to the fourth
root of time.

These relations are illustrated in
Iigure 3. There is, however, an initial
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period when the di-
electric constant in-
creases rather rapidly
and during which the
power factor reaches a
peak. The rapid in-
crease 1In dielectric
constant is believed to
result frcm water ad-

|
g
;

sorbed on the inner g
structure of the ma- §&
terial and the slow (S8

increase thereafter
mainly to water ab-
sorbed by water-solu-
ble substances that are
in the material.

From the relation-
ships of the preceding
paragraph, it is evi-
dent that the increase in dielectric
constant is proportional to the square
root of the water content. A curve
illustrating this is shown in Figure 4.
Although different materials differ in
the amounts of water they sorb and in
the effect of this water on the di-
electric constant, when the relation
between dielectric constant and water
content is known, a measurement of
dielectric constant alone suffices to
describe the water-sorbing charac-
teristics of many materials.

Before equilibrium is reached, water
sorbed by a homogeneous material
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Fig. 4—Dependence of the dielectric con-
stant of rubber sheets on the water content
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Fig. s—F. 7. Biondi measuring the absorption characteris-
tics of a plastic by suspending it fron a spiral quartz spring
and observing the rate at which the spring elongates

such as soft vulcanized rubber does
not distribute itself evenly throughout
the material but concentrates largely
in the outer layers and decreases ex-
ponentially toward the center. In
many practical cases this exponential
distribution proves advantageous; for
example, sorption by the insulation
on rubber-covered wire. In this case
the rubber next to the conductor may
remain relatively dry although the
amount of water sorbed by the insu-
lator as a whole is appreciable. Wire
insulation which has sorbed water in
this manner should be considered as
graded rather than homogeneous.
Curves may be plotted to show the
distribution of water in insulation of
various kinds and shapes. These
curves, with others of the type shown
in Figure 4, may be used to calculate
the dielectric properties of this type
of continuously graded insulation. In-
formation of this character is of prac-
tical interest in the telephone plant
because of the increasing use of buried
wire and the installation of circuits in
locations exposed to high humidity.

August 1929
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Terminating Markers:

Busy Testing and Line-Choice Selection

By J. W. DEHN
Central-Office Switching Development

Y OPERATIONS described in
B a previous article,* the ter-
minating marker decodes the
number transmitted to it by the
terminating sender, and operates a
block relay in one of the number
groups. Forty block relays with their
cross-connection banks, which permit
the assighment of any line number to
any line switch in the office, are
mounted in a bay as shown in Ifigure
1. Since each block relay represents
twenty line numbers, each bay rep-
resents 8oo line numbers, and a
sufficient number of bays are installed
to take care of all the lines in the
office. The operation of a block relay
closes sixty contacts—three for each
of the twenty subscriber numbers as-
sociated with it. Over one of these
three leads, the marker will test the
called line to determine whether or
not it is busy. If the line is in use, the
marker will cause a busy signal to be
returned to the subscriber. If the line
is idle, however, relays will be oper-
ated over the other two leads to
direct the marker to the particular
crossbar switch to which the line is
connected, so that a path may be
found between it and the incoming
trunk. The lead used for the busy
test will then be used to operate the
hold magnet of the line called.
Each of the sixty moving contact
springs of a block relay is strapped to
the corresponding springs of all other

*Recoro, July, 1939, p- 356
August 1939

block relays of the number group, and
is then carried through the number-
group connector to the marker. Here
they are distributed and connected

Fig. 1—DBlock relay bays, each with forty
block relays above, and line cross-connecting
terminals for their NC and NF leads below
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to three moving spring contacts of
twenty 1 relays as shown in FFigure 2.
The three leads for each line are
marked n~c, NF, and ~s, followed in
each case by a number from o to 19
to designate the twenty lines of the
block relay. The v» relays are also
numbered from o to 19.

The leads from the front contacts
of the block relays run to terminal
strips—all the Nc leads to one set, the
NF to another, and the Ns to another.
The terminal strips for the Nc and NF
leads are mounted on the frames be-
neath the block relays as illustrated in
Figure 1. These terminal strips are
five terminals high and ten wide, and
ten of them are mounted in a row
across the frames. One such row for
the N¥ leads is shown immediately be-
neath the block relays. Below it are
three banks of multiple-terminal
strips, each twenty terminals high.
These multiple-terminal  banks —
somewhat like the banks of a panel
selector in appearance—are built up
of insulated horizontal metal strips
with soldering terminals projecting in
line with each terminal of the upper
set of terminal strips. Below these is
another row of terminal strips for NF
terminals like the one above. Two
strips—one above and one below the
multiple-terminal banks—take care
of the N¥ terminals from the five block
relays controlled by one hundred-
block relay. FEight pairs of fifty-
terminal strips across the bay thus
provide for all the block relays on the
bay. The ninth and tenth pairs of
terminal strips are used for other
purposes. Below these cross-connec-
tion terminals for the NF leads is a
similar set for the Nc leads, the main
difference being that there are only
two banks of multiple terminals for
the nc leads instead of the three
provided for the NF terminals. Figure

374

3 shows the arrangement for one
twenty-block relay only.

The twenty leads from each of the
three multiple-terminal banks associ-
ated with the NF terminals are marked
TF, HF, and RF, respectively, and num-
bered o to 19 inclusive. They are all
carried through the number-group
connector to the marker. Cross-con-
necting jumpers are run from each NF
terminal to one of the terminals in one
of the multiple-terminal banks. For
individual and party lines, the jumper
runs to either the TF or RF banks, de-
pending on whether the C’llled sta-
tion is rung over the “tip” or “ring”
conductor, while trunks to a psx
are cross-connected to the ufr bank,
except the last trunk in a group to any
one PBX, which is cross-connected to
the rF bank.

The terminals for the Ns leads are
on the line distributing frame. The
terminals to which they are cross-
connected on this latter frame are
connected to one side of the hold mag-
nets of the primary switches on the
line-link frames, and there is thus one
terminal for each equipped line in the
office. Cross-connecting jumpers are
run to associate each ~s lead with the
hold magnet with which the cor-
responding line is associated at the
line switch. If the line is busy, its ns
lead will be found grounded through
the sleeve lead of the line. Thus when
a block relay is operated, the twenty
Ns leads brought to the marker will be
either grounded or not grounded de-
pending on whether the lines are busy
or idle.

As may be seen from Figure 2, the
Ns leads are extended through back
contacts on the L relays—which are
unoperated at this point—to the
windings of s relays, and the s relays
connected to busy lines will be oper-
ated by the ground on their ns leads,

August 1939
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while those of idle lines will be left
unoperated. The number dialed 1s
indicated by a gound placed on one of
twenty leads coming from the unit-
digits group of recording relays. These
twenty leads follow through a chain
of contacts as in the thousands, hun-
dreds, and tens groups of recording
relays, only the chain for the unit
group relays includes two additional
relays, one marked ‘‘tens even” and
the other “tens odd.” This is neces-
sary because a twenty-block includes
two sets of ten digits: in the o twenty-
group for example, are digits o-19;
the first ten, o-g, are called the even
group, and the second, 10-19, the odd
group. Similarly 20-29 is an even
group and 30-39 an odd group, the
term even and odd referring to the
tens digit, and this indication is given

TO NUMBER GROUP

by contacts on the “tens even” or
“tens odd” relays. These “even’ and
“odd” relays, in turn, are operated by
a chain through relays of the tens

group, the “tens even” being oper-
ated if the tens digit is even, and the
“tens odd” if it is odd.

These tweny leads from the units
register relays run to the moving
spring contacts of the twenty s relays,
and one of them will be grounded. [f
the relay to which this grounded lead
is connected is operated, indicating a
busy line, the ground will be carried
through a front contact on the s relay,
and a back contact on the associated
HT relay, to a line- busy relay, which
causes relays in the incoming trunk
to operate and return a busy tone to
the calling subscriber. If the line is
not busy, the s relay will not operate,
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. 2—Simplified schematic of the busy-test circuit of the terminating marker
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and the ground will be carried through
a back contact of the s relay to oper-
ate the associated L relay.

After the number has been regis-
tered in the marker a relay is operated
that grounds the twenty HF leads
brought to it through the number-
group connector. This relay remains
operated until an L relay operates. If
any of the lines of the twenty block
are any but the last of a group of
pBX trunks, the corresponding NF
terminals will be cross-connected to
the HF bank, and the ground on these
latter leads will thus be carried
through the block relay, the number-
group connector, and back contacts on
the corresponding L relays in the
marker, and will operate the cor-
responding HT relays. All HT relays
corresponding to pBx trunks, except
the last, will thus be operated. This
switches the leads connected to the
front contacts of the s relays from the
“line-busy” relay to the moving
contact of the next s relay, so that in-
stead of returning a busy signal if the
first trunk is busy, the ground from
the register relays will operate the L
relay of the first idle trunk.

Suppose, to take a simple example,
that the first trunk of the pBx had
10 as its last two digits and that there
were ten trunks in the group—
running from 10 to 19. Since the num-
ber dialed has 10 as its last two digits,
a ground would appear on the 10 lead
from the units register. This ground
would be carried to the moving con-
tact of the s1o relay, and if this trunk
were busy, would be extended through
front contacts of s1o and HTI1O to the
moving contact of s11. If this trunk
also 1s busy the ground will be simi-

Fig. 3—Simplified schematic of cross-
connecting terminals for five block relays,
with one of the block relays shown above
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larly extended to s12, and so on until
an idle trunk is reached, when the
ground would be extended through
the back contact of that s relay to
operate the corresponding L relay. It
should be noted, however, that this
testing does not pass from one trunk
to the next in sequence, but that since
all the s and HT relays that are to
operate are operated together by the
closure of the block relay—the L relay
of the first idle line is also operated
immediately after the block relay has
operated.

If the pex had been a large one,
there would very likely be more than
twenty trunks, so that they could not
all be reached through a single block
relay even if they started with the
first line of that block. This situation
is taken care of by running the lead
from the front contact of the last HT
relay to an “advance hunting” relay,
which is associated with a group of
“hunting progress” relays through
which pass the leads from the tens
group register relays on their way to
the windings of the block relays. If
all the trunks in the first block were
busy, the ground from the units group
of register relays would be carried
through the front contact of HT19 to
operate the advance hunting relay.
This relay would release the block
relay already operated, and bring in
the block relay with the next group of
trunks to the pex called. At the
same time the ground would be re-
moved from the 10 lead from the units
register relays and placed on the o
lead. The leads from the second block
relay would now be connected to the
marker, and this group would be busy
tested in exactly the same manner.
By this same method it is possible to
test large trunk groups, bringing in
one block relay after another as all the
trunks of one block are found busy.

August 1939

Should all the trunks in the group be
busy, the ground would be extended
to the line-busy relay through the
back contact of the last HT relay,
which will not be operated since the
last trunk of a group is connected to
the rF rather than to the HF lead.

The operation of an L relay, when a
line or trunk is found idle, grounds
both the NF and ~c leads, and con-
nects the ns lead to relays in the
marker that will be used later for
“closing through” the talking path.
The grounds on the Nc and NF leads
are carried back through the number-
group connector and the block relay
to the N¢ and NF cross-connecting
terminals. As already pointed out, the
NT leads are cross-connected to one of
the terminals of one of these multiple
banks—to the RF or TF banks if it is
an individual or a party line, and to
the ur if it is a psx trunk. Each
multiple bank, however, has twenty
rows of terminals, one for each of
twenty possible line-link frames, and
the cross-connection made will de-
pend on which primary line-link
frame the line is connected to.

IFor convenience in controlling the
completion of calls, the line-link
frames are divided into groups of four,
called “line-choices,” and the control
leads from only one line-choice at a
time are brought to the marker
through a line-choice connector. This
arrangement parallels that of the
number group and number-group con-
nector. There may be as many as
twenty line-choices in an office, and
the twenty horizontal strips in each
of the multiple banks associated with
the NF terminals are assigned to the
twenty possible line-choices. The
cross-connection from any NF lead is
thus run to the particular multiple
strip that corresponds to the line-
choice in which that line is located.
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Leads from these multiple banks
run to the marker through the
number-group connector, and when
an 1 relay operates, the group placed
on the nF lead will pass over the cross-
connection to the multiple strip—in
either the tr, HF, or RF bank—for the
line choice on which that line or rix
trunk appears, and will operate a re-
lay in the marker that will bring in
the proper line-choice connector.

It is necessary further for the
marker to know which particular line-
link frame of the line-choice the line
1s connected to, and the particular
row of switches in that frame, so that
1t can proceed to find an idle path be-
tween the incoming trunk and the
line. This information is obtained by
the cross-connection of the nc lead.
As pointed out above there are only
two multiple banks associated with
the ~Nc leads, but each is divided
horizontally into two groups, so that
there is the equivalent of four multiple

banks, each ten terminals high. Each
of these banks represents one of the
four line frames of a line-choice, and
the ten strips in each group represent
the ten rows of switches on each
frame. These banks are marked a,
B, ¢, D, rather than by actual frame
numbers since they represent different
frames depending on the line-choice
selected. The jumper from the nc
terminal is thus run to the particular
level in the a, B, ¢, or b bank that
corresponds to the location of the line
on the line-link frame.

The leads from these multiple
banks also run back to the marker
through the number-group connector.
Ground appearing on one of them,
from a front contact on the L relay,
operates relays that allow the marker
to test for idle paths from the incom-
ing trunk to that particular row of
switches, and also tooperate the proper
select and hold magnets to connect
the line through.

Tur Morris LiEsMANN MuvoRrial PRIZE

Jor 1939 has been awarded 1o H. T. Friis by the Institute
of Radio Engineers in recognition of “‘his 1nvestigations
in radio transmission including the development of
methods of measuring signals and noise and the creation
of a receiving system for mitigating selective fading and
noise interference.” The award will be presented to Mr.
Friis at the Fourteenth Annual Convention of the Institute
that will be held in New York in September. Previous
Laboratories vecipients of this medal are R. A. Heising,

7. R. Carson,

Ralph Bown, Edmond Bruce, F. B.

Liewellvn, W. H. Doherty and G. C. Southworth.
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CHEECHEIEIY EICICHENIEIERDEIEI I IO EITHEND
Time Characteristics of the U-Type Relay

By P.

\W. SWENSON

Switching Development Department

N A local call between two

subscribers in a crossbar of-

fice, nearly a thousand relays
are involved. Their sequence of opera-
tion and release 1s determined chiefly
by the circuit arrangement, the action
of each relay or group of relays de-
pending on the operation or release of
some other relay or circuit element
before it. At many stages, however, it
is essential that the operating or re-
leasing times of certain relays be de-
layed or hastened to secure the re-
quired performance of the circuit. It
is important, therefore, that the oper-
ating and releasing times of the relays
be known and subject to control so
that correct operation can be assured
under all conditions. With the de-
velopment of the U and Y-type re-
lays,* therefore, studies were under-
taken to determine the various factors
affecting operating and releasing
times and their range of values, so
that curves and tables could be pre-
pared which would enable the per-
formance of these relays to be ac-
curately predicted.

It 1s possible, of course, to measure
the overall releasing or operating
times of relays, and to use these re-
sults in designing the circuits, but
this method has its disadvantages.
The releasing time, for example, de-
pends in general both on the number
and type of contact springs, and on
the height of the stop disk, which is
used to provide a small airgap be-
tween the armature and core when

*REcorD, May, 1938, p. 300 and p. 310.
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the relay is operated. To secure re-
leasing times by this purely experi-
mental method, therefore, measure-
ments would have to be made on
many combinations of contact springs
and of stop-disk heights. In addition,
measurements would have to be made
on a large number of relays for each
combination of springs and disks to
establish the minimum and maximum
value for each. The more satisfactory
procedure is to analyze the time into
its various components, and to deter-
mine experimentally the range of
delay caused by each. When this is
done, it is always possible to combine
the factors in any desired manner,
and to determine the maximum and
minimum limits under all conditions.

The releasing time of a relay may
be divided into two components
known as the electrical releasing time
and the mechanical releasing time.
The former extends from the time the
winding circuit is opened to the time
the armature begins to move. The
latter is the time required for the
armature to move from the Operated
position to that in which the contacts
just open.

The electrical releasing time 1is
really the time required for the flux
to decrease from its value when the
winding circuit is opened to its value
when the pressure of the springs is

just sufficient to overcome the pull

on the armature. For a relay with no
short-circuited winding, this time
would be zero if it were not for the
eddy currents induced in the mag-

379
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netic material. These currents exert a
magnetomotive force tending to main-
tain the flux, and thus the electrical
releasing time may be redefined as the
time required for the magnetomotive
force of the eddy currents to reduce
from its maximum value to a value
just small enough to permit the relay
to release.

For a given magnetic structure and
material, the flux is a definite function
of the magnetomotive force main-
taining it, and for the U-type relay the
relationship is as shown in Figure 1,
where the magnetomotive force is
given in ampere turns. The form of
the relationship between flux and
ampere turns depends on whether the
exciting current is increasing or de-
creasing. In the former case, the graph
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Fig. 1—Demagnetization curves of the U-
type relay for s-mil stop disks, above, and
Sor 18-mil stop disks, below
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is called a magnetizing curve, and in
the latter—which is the one shown—
a demagnetizing curve. The major
variable in the magnetic circuit of the
U relays under operated conditions is
the height of the stop disk. The curves
of Figure 1 give the relationship for
the two extreme limits of stop-disk
heights; the lower one, for an 18-mil
disk and 250 ampere turns initial
magnetization, represents the condi-
tions for establishing minimum re-
lease time; while the upper one, for a
§-mil disk and oo ampere turns
initial magnetization, represents the
conditions for establishing maximum
release time. For all intermediate
values of disk height and magnetiza-
tion, the curves would lie somewhere
between these two.

The time required for the flux to
decay over any interval along a de-
magnetization curve varies as the
steepness, or slope, of the curve and
as the logarithm of the ratio of the
lower to the higher limit of the am-
pere turns over the interval. If the
slope of the curve were the same at all
points, that is if the curve were a
diagonal straight line, the time would
be the same over the interval from
500 to 250 ampere turns as it was
from 100 to 50, since the ratio is the
same for both intervals. Actually the
slope decreases for the higher values of
ampere turns, and approaches zero at
500 ampere turns.

As a result of this flattening, the
amount of releasing time contributed
by a reduction from 500 to 250 am-
pere turns 1s very small, so that the
overall time depends primarily on the
value of ampere turns at which the
relay just releases, called releasing
ampere turns, which is the lower limit
of the interval. The slopes of the two
curves, moreover, are very nearly the
same, so that the decay time along
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Fig. 2—Curces for the U-type relay showing relationship between releasing ampere
turns and electrical releasing time with no shori-circuited winding, solid curves, and

against operated load for various stop-disk heights, dotted curves

the two curves also is nearly the same,
that along the five-mil curve being
slightly greater because of the contri-
bution of the section of curve above
250 ampere turns.

It would be possible to calculate the
releasing times from these curves if
the characteristics of the circuit in
which the maintaining current was
flowing were known. When the mag-
netomotive force is due to eddy cur-
rents in the magnetic material, how-
ever, thecurrent paths are tooirregular
to permit ready calculation. It 1s
necessary, therefore, to measure the
releasing time for various values of
releasing ampere turns measured in
the winding. Such a set of measured
values is shown by the two solid
curves of Figure 2. These curves rep-
resent the minimum and maximum
values of releasing times for all values
of releasing ampere turns. Actually,

August 1939

the curves include some mechanical
time, since the armature had to move
a small distance before opening the
contact used to make the measure-
ments. In general the upper curve
corresponds to the 5-mil stop disk and
soo ampere turns initial magnetiza-
tion, and the lower curve to the 18-mil
stop disk and 250 ampere turns initial
magnetization, but the two curves
also cover the small variations from
relay to relay. The lower curve is used,
therefore, for estimating minimum
releasing times, and the upper curve
for estimating maximum times.

These time curves thus give the
range of electrical releasing times for
all U-type relays regardless of the
combination of springs and of the
height of the stop disks employed.
They are not of much value by them-
selves, however, because they give
release time in terms of releasing
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ampere turns, It is necessary to know
in addition how the releasing ampere
turns vary with various combinations
of springs and stop-disk heights. Fach
spring load requires a definite flux to
hold it, but the magnetomotive force
or ampere turns required to produce
this flux will vary with the height of
the stop disk, because of the reluc-
tance it introduces into the magnetic
circuit. For each of the three nominal
heights of stop disks provided, there-
fore, it is possible to determine ex-
perimentally the relationship between
spring load and releasing ampere
turns. Curves showing this relation-
ship are also plotted on Figure 2, but
because a certain amount of variation
is unavoidable for a given nominal
height of disk, curves for the two
limiting values of each of the three
nominal heights are shown. These
limiting values are 5 and 8 mils for the
smallest, 10 and 13 mils for the inter-
mediate, and 15 and 18 mils for the
largest stop-disk heights.

The releasing force of the relay de-
pends on the number and types of
springs, and tables are available giv-
ing the force in grams

then vertically to the release time
curves, and finally horizontally to the
right-hand ordinate. Here the maxi-
mum time would be found to be some
17 milliseconds and the minimum
time, 14 milliseconds. To this, from 1
to 5 milliseconds is added for the
travel time. This travel time depends
on the spring combination, but is
small in any event, so that great pre-
cision is not required in determining
it. With this set of curves, and tables
giving the load of various types of
springs and the time of travel from
beginning of release to opening of the
contacts, the release time may be
readily determined for any U-type
relay that does not have a short-
circuited winding.

To secure longer release times, a
short-circuited winding is placed over
the relay core. Such windings provide
an additional circuit of much lower
resistance for eddy currents. More-
over the time required for the current
in this winding to decay may be cal-
culated, since it depends on the ratio
of inductance to resistance of the
short-circuited winding, and the in-

for each type. For any 035 T , . i

particular relay, there- ‘\\ ‘ ’ f j

fore, it is necessary  °3° 1 1T — ’ -

only to add up the g i .
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Fig. 3—FElectrical yeleasing time of the U-type relay for
various sizes of aluminum and copper sleeves over the core
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ductance may be calculated from the
demagnetization curves of Iigure 1.

In the example taken above, the
number of releasing ampere turns, de-
termined from Figure 2, was about
35, and this, as may be seen from
Figure 1, corresponds to a flux of
about 2700 maxwells for the upper
curve. The determination of the
delay caused by the short-circuited
winding thus reduces to a determina-
tion of the time constant of the short-
circuited winding as the flux decays
from 8oco to 2700 maxwells, which
corresponds to a decrease in magneto-
motive force from 500 to 35 ampere
turns. As already pointed out, this
time is proportional to the ratio of the
inductance to the resistance. The in-
ductance, which varies with the slope
of the demagnetization curve, can be
calculated for any point along the
curve, and the resistance, which re-
mains essentially constant, can be
calculated from the constants of the
short-circuited winding. Irom these
values the time for the current to
decrease to the desired value may be
determined. The total release time
will then be that due to the short-
circuited winding plus that due to the
eddy currents in the magnetic ma-
terial as given in Iigure 2.

The short-circuited windings of the
U-type relay usually take the form of
a copper or aluminum sleeve placed
directly over the core, and concentric
with the energizing winding, and the
minimum electrical release times for
the four sleeves provided, computed as
described above, are shown in Figure
3. The bottom curve, which gives the
time when no short-circuited winding

is used, corresponds to the minimum
release-time curve of Figure 2.

Data for estimating the operate
times of U-type relays have also been
established. This time is mainly de-
pendent on the time required for the
current to build up in the operating
winding to the value required to oper-
ate the relay. Eddy currents in the
magnetic material have a less signifi-
cant although not negligible ettect on
the operate time. If a short-circuited
winding is used, the time constant of
this winding will also enter. The long-
est operate time that can be insured
with the U-type relay is around forty
milliseconds, while the longest release
time is some 125 milliseconds.

Both operate and release-time data
are also available for the Y-type
relay,* which differs from the U type
chiefly in not employing a stop disk.
[ts armature makes an iron-to-iron
contact with the core, and thus holds
operated to much lower values of
ampere turns, This does not appreci-
ably affect the operate time, but
release times as high as 330 milli-
seconds may be secured.

The data made available by these
studies give the relay engineer all the
information needed for determining
operating and releasing times under
all ordinary conditions. One of the
vajuable features is that it gives
maximum and minimum values, and
the circuits are always designed for
whichever of these values 1s con-
trolling. When this is done, the varia-
tions of individual relays that are
employed in a system will not affect
the correct operation of the circuit.

*RECORD, May, 1938, p. 310.
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Hearing TEsT:

Tests of hearing, usings
tones, are available for vis
both the World's Fairs. The
listens through a telephe
cetver to a musical tone w,
hears in spurts—one, h
three at a time. Successive
sound farther and farther
He writes on his test blan
time how many tones he
This is then repeated for
pitches; the tones are 440
1760, 3520 and 7040 cycl
second. Upon completion ¢
card is held over a light wh,
correct numbers appear t}
the paper. Words “‘Impa
“Slightly Impaired” and
mal or Good” also appear th
the paper. The words oppos

incorrectly recorded numbers de-
scribe the condition of hearing.
An attendant then places a check
mark on the card signifying in
private code the sex, color and
approximate age of the visitor;
and runs it through a photo-
graphic recording machine. The
photographs so obtained are being
used for a survey of hearing
undertaken in the Research De-
partment by Dr. §. C. Steinberg.

The photographs shown on this
page were taken at the New York
World’s Fair. Top, the eight en-
trances to the special sound-proof
rooms; center, inside of a room
showing five of its seven booths;
bottom, recording the test card.
The frontispiece, page 369, shows
a visitor checking her test card
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Portable
High-Frequency
Transmission-
Measuring Set

By k. R. DICKINSON
Toll Equipment Development

NE of the essential

requirements for the

development and
maintenance of long-distance
lines is the provision of means
for accurately measuring gains
or losses in the component
parts of the system. Trans-
mission-measuring sets, as a
result, have been made avail-
able to meet a variety of
requirements. Until recently, how-
ever, the highest frequency employed
has been about thirty kilocycles, used
for the type-C carrier system. Trans-
mission-measuring sets for these high
frequencies have been of the bay-
mounted type, and are permanently
installed in terminal offices or in major
repeater stations.

With the advent of the J and K
carrier systems, it was necessary to
design a new set because of the much
higher range of frequencies to be
measured—running up to 150 kc—
and of the higher gains and losses
involved. Moreover, the use of many
additional small repeater stations,
most of them maintained from main
stations, made it desirable to make
a portable set. As a result, the 30A
transmission-measuring set has been
developed. It is housed in a cabinet
approx1mately twenty by twelve by
six and one-half inches, and its
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total weight is only thirty-six pounds.

The general method of measure-
ment is indicated in Figure 1. An ex-
ternal oscillator—the 17B* has been

provided for the purpose—serves as a
source of testing current; and a sensi-
tive microammeter, connected across
a thermocouple, acts as the indicating
device. The set provides two paths
between the oscillator and meter, in
one of which are two adjustable at-
tenuators, giving adjustment in 1-db
steps from o to 60 db, and a fixed at-
tenuator of 30 db. Either path may be
selected by means of the ‘“‘adjust-
compare’’ key. When a unit having an
unknown overall loss is to be meas-
ured, it is plugged into the jacks in the
lower path. The loss in the attenuator
is then adjusted to equal the unknown
loss, comparative readings being taken
through each branch of the set until
the meter readings are the same.
*REecorp, May, 1939, p. 291.
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When a unit having
an overall gain is to be
measured, it is inserted
in the upper path at
the output of the at-
tenuator. Again, ad-
Justments are made in
the attenuator until
the meter readings
through both branches
of the circuit are the
same, which indicates
that the net loss
through the upper
branch is zero. The un-
known gain 1s then
equal to the attenuator
reading. Since the
smallest unit of attenuator adjust-
ment is 1 db, fractional parts of a db
are read on the meter scale, which is
marked in heavy lines over the range
from —1 to 41 db. The o-db reading
in the center of the scale corresponds
to one milliwatt, which is the refer-
ence level of the set. At this point the
accuracy of the meter is one-quarter
of one per cent.

Since the meter is of the thermo-
couple type, it may be calibrated on
direct current, and a flashlight cell is
included in the set for this purpose.
The complete calibration is accom-
plished in three steps, using the five-

30- DECIBEL

Fig. o—Top view of test set with cover removed

position switch at the left center of the
test set, shown in Iigure 2. The
switch 1s first turned to the position
marked “dial 1,” which establishes a
circuit as shown in the upper part of
Figure 3. The battery is connected
across a high-resistance potentiometer,
controlled by “dial 1,” and across the
potentiometer is connected a 135-ohm
resistance through an ammeter shunt.
Since the high-frequency carrier sys-
tems are designed for 135-ohm cir-
cuits, the test set is similarly designed,
and is calibrated as a termination for
circuits of this impedance. “Dial 177 1s
adjusted until the meter reads zero.

MEASURE
AIN
g AN
TEST CURRENT i )g/
POTENTIOMETER N G-1008 o- SODB
10- DECIBEL
570708 \— ATTENUATORS —/ PADS
v—oM 4 ADJUST ‘ ? VYR ‘ °
@ v |ge - & & [T
3 v 2 a
’j L | JCOMPAR s
TO TEST
OSCILLATOR
—O—\ /v
=1 R
LOSS
| . LA,\} N

Fig. 1—Simplified schematic of the 304 transmission-measuring set
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When connected to the shunt in this
manner the meter will read zero with
a current of 2.72 milliamperes, which
1s the current that is required for
one milliwatt of power in the 13-
ohm resistance.

Having thus adjusted the battery
current to give an output of one
milliwatt into a 135-ohm resistance,
the switch is turned to the position
marked ‘“‘dial 2,” which gives the
connections shown in the middle of
IYigure 3. In this position, the 135-
ohm resistance is replaced by the
thermocouple in series with the resist-
ance controlled by “dial 2,” which is
adjusted until the meter pointer again
rests at the zero position. This ad-
justs the resistance of the thermo-
couple circuit to 135 ohms.

With this ad]ustment m'lde the
switch is turned to “‘dial 37 position,
which gives the connections shown in
the lower dlagmm of Figure 3. This
is the same as for the previous ar-
rangement, except that the meter has
been moved from the shunt to the
thermocouple. “Dial 3" is adjusted
until the meter pointer is again at
zero. The thermocouple may give
slightly different readings depending
on the direction of current through
them, and a fourth position is pro-
vided on the switch to reverse the
current to the thermocouple. “Dial 37
is adjusted so that the meter gives
equal deflections on both sides of the
zero for the two directions of current
flow. The thermocouple is in a
separate replaceable unit, mounted
just above the calibration switch,
and, for extremely precise results,
various thermocouples may be tried
until one 1s found that has little or no
directional effect. When this final
step of the calibration is completed,
the switch is turned to the fifth posi-
tion, which disconnects the battery
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and connects the set so that it is ready
for making measurements.

Although designed for measure-
ments on 135-ohm circuits, the set
may be used on 60o-ohm circuits by
inserting repeating coils, which are
incorporated in the set. These intro-
duce some loss, for which a correction
must be made when precise measure-
ments are desired. The correction per
coil is less than 15 db over the fre-
quency range from 100 to 150,000
cycles. A 10-db loss network is also
provided for use when the go db pro-
vided for normal use is not sufficient.
This network and the two repeating
coils are connected to jacks along the
upper part of the set, so that they
may be patched into the circuit at
any of the five jack positions indi-
cated in Figure 1, these jacks also
being mounted in the row along the

135w
> STANDARD
DiaL 2
——

Fig. 3—Calibration of the 30.4 test set is
accomplished in three steps shown in order
above from top to bottom
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top of the set. A set of three pairs of
jacks is also provided, connected in
parallel, which may be used when
multiple connections are required.
Three 10-db pads, controlled by keys
at the lower left corner of the set, are
provided in series with the meter to
prevent damage from large current
during the early stages of a measure-

Fig. 4—Under side of the 304 test set when removed from case

ment. These may be cut out, one at a
time, by the keys and are all out for
the final measurement.

Because of the high frequencies for
which the set will be used, and the
wide range in level, careful considera-
tion had to be given to all parts of the
design. All the keys except the ad-
just-compare key have twin contacts
to increase their rehability. Side-
wiping contacts are provided for the
adjust-compare key for a similar
reason. The attenuators all have silver
wiping-contacts with non-inductive
resistances and are accurate within
0.1 db. Internal shielding of the com-
ponent parts is of prime importance.
The row of jacks at the top of set is
shielded by a structure resembling the

388

ice tray of an electric refrigerator
each pair of jacks being in one com.
partment. Within the row, the jacks
are located so as to bring high dif-
ferences in level as far apart as pos-
sible. The attenuators all have their
overall shields, with separate shields
for the resistances. The two halves
of the “adjust-compare” key, where
high differences of level
occur, are completely
boxed in by shields,
and the operated posi-
tion of the key that
cuts in the 3o-db at-
tenuator is completely
enclosed. Rubber-cov-
ered shielded wire is
used to reduce cross-
talk and capacity to
ground. The two re-
peating coils have been
placed at right angles
to each other to reduce
crosstalk effects ob-
served when the coils
are parallel. The metal
top panel, when
grounded, serves as a
shield for the entire set, and all the
jack sleeves are grounded through
contact with it.

This top panel serves also as a
mounting plate for all the apparatus,
and is arranged for removal from the
casing as shown in Figure 4. A cover,
not shown in the photographs, pro-
tects the top of the set when not in
use or during shipment. This cover,
when in place, depresses a button
just below the right-hand corner of
the meter, which operates a short-
circuiting switch on the moving coil
of the meter to damp the movement
and lessen the likelihood of damage
when the instrument is in transit. The
top panel is of heavy aluminum sheet,
which is treated by a patented proc-
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:ss known as alumiliting. This proc-
2ss, which includes a black aniline
dye for color, gives the panel an
aluminum oxide coating of sapphire

===l ardness and extreme resistance to

wear, with an appearance similar to
that of phenol fibre. By means of a
printing process from a photographi-
cally produced master plate, the
name-plate, designations, and dia-
grams are etched through the oxi-
dized surface to the bright aluminum
beneath. With such a process, the
number of designations placed on the
plate has practically no effect on the
cost, and it was therefore found desir-
able to include a simplified schematic

diagram in the space below the meter.
The designations on the apparatus
together with the simplified schematic
diagram make the set practically self-
instructing. With only a limited
knowledge of its operation a person
wishing to make transmission meas-
urementsisable,in averyshort time, to
realize its full capabilities and be able
to make any desired measurement.

Use in the field has proved this 30A
transmission-measuring set a valu-
able unit of testing equipment. Its
compact size and light weight make
it convenient, and its high accuracy
yields results equivalent to those
ordinarily obtained in the laboratory.

i

Apparatus developed by the Laboratories to coat vacuum-tube filaments

automatically. The fine core-wire passes through coating baths and then

through electric furnaces to dry the coating. The slotted wheel applies the coating

mixture as it passes along a groove in the wheel. The mixture is stirred by a
small motor-driven propeller
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Simplifying the Adjustment of

Antenna Arrays

By J. . MORRISON
Radio Broadcast Development

N RECENT years radio broadcast-
ers have been extensively utilizing
multiple-element antenna systems
to make the most effective use of their
licensed power. These antenna arrays,
usually consisting of two or more
vertical antennas, allow a directional
control ot the radiated power, thus

RADIATOR RADIATOR
NO. 1 NO.2
A A
a @
- % == = »

Fir

Fig. 1—Because of currents induced in

each radiator by currents in the other, the

resullant currents in each of the radialors

differ considerably from those that would
exist without the mutual effect
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permitting a reduction in interference
with stations operating on the same
or on an adjacent frequency and an
increase in signal strength in densely
populated areas where high noise con-
ditions generally prevail. Two exam-
ples of such arrays have already been
described in the Recorp.*

The radiation patterns obtained
from such arrays depend upon the
separation of the individual towers
gencrally used for antennas, and on
the relative magnitude and phase of
the current in each of them. Once the
desired radiation pattern has been
agreed upon, and the spacing of the
antennas settled, 1t is possible to cal-
culate what the relative magnitude
and phase of the current in each
antenna should be. To secure these
desired currents, however, is not
simple. Line-branching and phase-
shifting networks are provided to
control the magnitude and phase of
the current to each antenna, but how
these networks should be adjusted to
give the desired antenna currents can-
not be predicted in advance because of
the reaction of the current in each
antenna on the current in the others.

Assume, for example, that two
quzlrter-wavelength antennas spaced
a quarter wavelength apart were to be
employed to secure a particular pat-
tern, and that the current in radiator
1 was required to be twice the magni-

“Recorp, Ipril, 1935, p. 232, and September,
1936, p. 17.

August 1959

www americanradiohistorv com


www.americanradiohistory.com

tude of that in radiator 2 and to lead
it by go degrees. If the current in one
radiator had no effect on that in the
other, all that would be required
would be to adjust line-branching
and phase-adjusting networks so that
the current flowing to radiator 1
would be twice that going to radiator
2 and would lead 1t by
go degrees. The radi-
ated fields from the
two antennas are pro-
portlolnl to the re-
spective currents, and
the field in any direc-
tion would be the re-
sultant of these two
component tields, al-
lowing for the phase
difference caused by
the quarter-wave-
length separation of
the two antennas.

Actually, however,
the current in each ra-
diator induces a cur-
rent in the other, with
the result that the net
current in each is the
vector sum of the cur-
rent fed to the antenna from the
transmitter and that induced in 1t by
the current in the other radiator. The
effect of this 1s shown vectorially in
“b” and of Iigure 1, where 1
1s the current supplied to the radi-
ators from the transmitter, and 7 is
the current induced in the radiator
by the current in the adjacent radi-
ator. In the diagram, subscripts 1 and
2 are employed to differentiate the
currents in the two radiators. The
resultant currents 1. are then a first
approximation of the actual currents
in the radiators.

The two radiated fields are in phase
with the resultant current and are in-

dicated at (d) on the diagram. The
August 1939

desired fields are indicated by the
dotted vectors, and the wide di-
vergence of the actual values—result-
ing from the induced currents in the
radiators—is plainly evident. The
effect of the induced currents on the
resultant currents in the antenna as
shown on Figure 1 indicates why the

Fig. 2—The measuring apparatus is arranged on a ¥9-iinch
panel, which may be mounied on a relay rack if desired

line-branching and phase-shifting net-
works cannot be set to produce the
desired difference between the cur-
rents in the two radiators.

To obtain the currents to give the
desired pattern it has been necessary
n pI‘dCthC to make an 1pprox1mdte
adjustment and then to make field
imtensity measurements around the
array. From these measurements, the
magnitude and phase of the current in
the radiators can be calculated, and
changes can then be made in the net-
works to produce more nearly the
desired results. This process might
have to be repeated a number of
times, with the result that the ad-
Justment of an array becomes a com-
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paratively long and tedious process.
Moreover the radiation pattern needs
checking from time to time since the
currents in the antennas may change
because of variations in circuit char-
acteristics. Thus it can be seen that
some simpler means of determining
the currents in the antennas of an
array is highly desirable.

The 2A phase monitor has been de-
veloped to facilitate these original
adjustments and to enable the station
operator to restore or check them at
any time. It consists of a panel,
shown in Figure 2, connected to
sampling loops on each tower by
coaxial transmission lines as shown in
Figure 3. The sampling loops consist
of a single turn loop which i1s fastened
to each antenna at a point sufficiently
high above the ground to assure an
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accurate sample of the current flowing
in the antenna. The dimensions of the
loop as well as its points of attach-
ment must be identical for both the
antennas. The top of the loop is
directly connected to the towers,
while the bottom is insulated, and is
connected to the center conductor of a
coaxial line leading to the measuring
equipment. The two transmission
lines are made to have identical over-
all characteristics.

At the measuring equipment the
lines are connected through radio-
frequency thermal milliammeters,
which indicate the magnitude of the
two currents supplied to the input of
a vacuum-tube galvanometer or volt-
meter. Between the milliammeter
M2 and the galvanometer on one
of the lines, however, is a phase-
shifting network which
permits the phase of
the current in that cir-
cuit to be shifted until
it is the same as that
supplied by the other
line. The circuit is ar-
ranged so that when
this condition is
reached, the galvanom-
eter will give a mini-
mum reading, and the
amount of phase shift
required to bring the
two currents into phase
is indicated by the dial
controlling the phase-

~INSULATORS

PHASE T
MONITOR

COAXIAL
TRANSMISSION
LINES

ANTENNA

it

Fig. 3—DBlock schematic of method of directly measuring
antenna currents by means of 24 phase monitor
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) | shifting network. Since

- 2) \ | the magnitude and
SHIFTER

L & /| phase of the currents

VACUUM-TUBE | . .
required to give the

desired field distribu-
tion pattern are known,
1t is necessary only to
adjust the line-branch-
ing and phase-shifting
networks in the main
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lines to the antenna until those
known values are indicated on the
measuring equipment. The necessity
of tedious field-strength measure-
ments are thus unnecessary except as
a final check.

The circuit of the measuring equip-
ment is shown in schematic form in
Figure 4. One of the

coaxial transmission

to make up for the loss through the
phase-shifting network and to adjust
the output voltage to equal that
across the other terminating resist-
ance r7. The amplified voltage is then
applied to the vacuum-tube galva-
nometer. The voltage developed across
the terminating resistance R7 of the

lines is connected
through a radio-fre-
quency milliammeter
M2, a resistance RI, an
inductance LI, and a
capacity cs to ground,
the inductance and ca-
pacity each having im-
pedances, at the carrier

. B4 L-—o
frequency, numerically P2
equal to resistance RI, M) 2
the characteristic 1m-
pedance of the coaxial R77Z0

sampling line. Two
identical high-imped-
ance radio-frequency 1
transformers with )
permalloy-dust cores,
T1i and T2, are con-
nected from the resistance to the
ground and from the capacity to
ground respectively, and thus produce
on their secondary sides two poten-
tials in quadrature with each other.
The secondaries of these two trans-
formers are grounded at their mid-
points, with the result that the four
potentials across the condensers ci,
¢2, ¢3 and c4 across the secondaries
of the transformers are all in quad-
rature and may be represented as
+e, —e, +je, and —je. The rotor
plates of the four condensers are
connected together electrically so that
the output current, #;, is the sum of
the currents through the four con-
densers. This output current produces
a voltage across rR§ which is amplified
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Fig. 4—Simplified schematic of the measuring circuit

other line is also applied through
switch b1 directly to the vacuum-tube
galvanometer, which will give a mini-
mum reading when the phase of the
voltage at input 1 is the same as that
of input 2 and the two voltages are
equal.

If the rotors of the condensers were
so positioned relative to the stators
that the capacitances of the four con-
densers were always the same, the
output current, 75, would, of course, be
zero, because four equal quadrature
components sum up to zero. Actually,
however, the stators and rotors of the
four condensers are mounted as shown
in Figure 5. There are four sets of
stator plates but only two sets of
rotor plates; one set of rotor plates
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c4 c3

—Je +je

the stator and
©2, 03 ahd Cg

Fig. s—Relative poiition of
rotor plates of cundeiirers o,

serving for c1 and c2, and the other
tor c3 and ¢4. The rotors are con-
nected mechanically in the relative
positions shown on the illustration,
Figure g, hoirl:, and are rotated to-
gether by a single diul.

In the posmon of the rotors indi-
cated, the capacitances of c1 and c2
are allke and thus 7; and 7, flowing
through the condensers are equal, but
since they are of opposite phase, they
cancel. The capacitance of c4, on the
other hand, is zero and that of c3 is a
maximum, so that 7, is zero and 7; is a
maximum, and the resultant output,
75, 1s equal to 4775, which applies a
potential to the voltmeter propor-
tional to +je. As the rotors are
turned to the right, there is a pro-
gressive change in the magnitude of
the four components, so that, after a
go-degree turn, i, is zero, 7; is a maxi-
mum, and 7 and 7; are equal and
opposite, so that the resultant cur-
rent, 75, becomes +i.

The values of the capacitances of
the four condensers for various angu-
lar positions of the rotor are as indi-
cated in the four graphs of Figure 6,
and the component currents cor-
respond to these capacitances. Since
the currents flowing through c1 and
c2 are always 180 degrees apart, they
may be added algebraically to give
the solid curve of Figure 7, which rep-
resents the real component of 7;. Like-
wise the currents flowing through
condensers ¢3 and cy may be added
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algebraically to give the dotted curve
of F1gure 7, which represents the
imaginary component of 75. The two
components represented by these
curves are the quadrature compo
nents of the resultant current and
must be added vectorially to give .
The result of the vector addition is
indicated for a number of angular po-
sitions of the rotor in Figure 8. Tt will
be noted that for all angles of rotation
of the plates, the magnitude of the
resultant current, 75, is the same and
its phase angle is equal to the angle of
rotation of the condenser rotors. Thus
the voltage at the input of the volt-
meter is always the same in magni-
tude but is shifted with respect to the

1.0
Cl
0.5
0]
1.0
0.5
c2
w
Q
Z 0
S
GI-O
£
<
3]
05
\ c3
0]
1.0
c4a
0.5
0]
L T T T T T T T I O I O O I O SR A I AR
0] 18 270 3

ROTOR POSITION IN DEGREES

Fig. 6—Capacitance of the four phase-
shifting condensers for various angular
positions of the rotor
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%phase at the input to the phase-shifter

—=by an amount equal to the rotation af

the rotor plates.

The resistance and capacity nct-
work, R1 and cs, which provides the
quadrature relationshi]: TC{|1Ji.’{,‘.i_l be-
tween the two transformers by the
phase-measuring condensers, is ad-
justed by’ using the vacuum-tube
galvanometer. Two contacts, in wl-
dition to the “car” and “meas”
points, on the test switch n1 are pro
vided as shown dotted in I'I:I_L[I.JTI,_' 4 S0
that the Voltage of condenser g to
ground may be measured and the
capacity adjusted until the valtage
across it equals that of resistance Rr1
to ground. Another point on the
switch enables inductance L1 to be
adjusted so that its impedance is
equal and opposite to that of con-
denser cg, as indicated by a minimum
deflection upon the galvanometer.
The proper adjustment of ¢§ and LI
may by this means be quickly estab-
lished for any frequency and checked
at any time without supplementary
measuring equipment.

The vacuum-tube galvanometer, as
already noted, gives a minimum read-
ing when the potentlals applied to its
two inputs are in phase and equal in

magnitude. Since one input is sup-
plied directly from one of the trans-
mission lines, and the other, from that
of the nther transmission line through
the phase shifter, a minimum reading
will be obtained when one input to the

RoOT,
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Fig. 8 Vector resultants of the curves of
Figure 6 for various rotor positions

voltmeter has been shifted in phase
sufficiently to bring it in phase with
the other input, and the amount of
phase shift necessary to bring this
about 1s the original phase difference
between the currents from the two
transmission lines at the input to the

measuring equipment.

10 ~] ] | = The relative mag-
Val N | 4 :
08 r\y NG i y nitudes of the currents
06— | a in the towers are deter-
\ WY 1 1
5 o4 XY X # mined directly from the
& 02|/ FN . readings of the radio-
> / f‘
3 o requency thermal
2 oz \,\ /,/ milliammeters M1 and
<04 | L NI PN /| m2. These meters are
= 5 I \ / /A/‘ of the expanded-scale
[ N/ 4
e (- N 1X type having substan-
.8 AV — ?" N 7 § .
ol il S I AN Py tially linear scales from
0 30 60 90 120 150 180 210 240 270 300 330 360

ROTOR POSITION IN DEGREES

Fig. 7—Sum of 1, and 1s, solid curve, and of 13 and 1, dotted
curve, for various angular positions of the rotor
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50 to 250 milliamperes.

Terminations are
provided for three
sampling lines and a
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selector switch has been provided
which 1s wired to enable the relative
magnitude and phase to be deter-
mined for each of three towers.
Another feature is a provision for
interchanging the connections be-
tween the monitor proper and two of
the sampling lines which makes it
possible to re-measure an angle using
an adjacent quadrant of the phase-
measuring condensers, thus obtaining
a substantial check upon the accuracy
of the original adjustments and meas-
urement. The same interchange pro-
vision makes it possible to eliminate

g

meter errors that might occur from
the relative magnitude determination.

This new monitoring equipment is
useful not only in adjusting the pat-
tern when the station is first put in
operation, but in checking the per-
formance of the array from time to
time. As a permanent part of the
equipment of stations using antenna
arrays to secure controlled radiation,
the apparatus makes it possible to
check the performance of the array
periodically, and thus to avoid a
changing of the pattern caused by
variations that are likely to occur.

L

AR sy

o

T

Mprs. Gilbert Grosvenor, daughter of Alexander Graham Bell, and Mr. Grosvenor
(at the right) hear Mrs. Anna Mae Swenson operate the Voder in Mr. S. S.
A. Watkins office at the Bell System Exhibit at the New York World’s Fair
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Jacks tor
Main Distributing

Frames

By J. E. SHAFER
Electro-Mechanical Development

N METROPOLITAN areas, where

telephone circuits are installed in

cables entirely underground, as
many as thirty thousand pairs of
wires may enter a single central office.
These wires all terminate at the main
distributing frame. To conserve space
at this location a jack arrangement
has been developed to connect the
cable pairs to the central-office cir-
cuits. It replaces the protector mount-
ing which is not needed where the
outside plant is entirely underground,
since excessive voltages cannot ordi-
narily be impressed on the circuits.
Twice as many circuits can be accom-
modated in the same space by the use
of this jack arrangement without
sacrificing any of the testing arrange-
ments now generally used.

A group of the new jacks is shown
in the illustration. Each jack has two
pairs of spring contacts which nor-
mally close the tip and ring of a cable
pair to the tip and ring of the associ-
ated central-office circuit. Each set of
springs is opposite another set on the
other side of the jack and each set
serves one cable pair. The incoming
cable pairs are soldered to terminals
on one side of the jack and the cross-
connecting jumpers to the other side.
The outside wires usually remain con-
nected during the life of the office but
the jumper wires are frequently
changed. The terminals for both the

August 1939

outside wires and jumpers are mounted
forward in an accessible position.
Precious-metal contacts assure greater
freedom from circuit noise than pro-
tector mountings which have base-
metal contacts. A guide 1s also pro-
vided to hold the plugs in position
and to insure their proper insertion
into the jack.

New plugs and shields have been
developed for the new jack. A test
plug and a dummy plug are shown in

lace in the illustration. The test
plug has four springs which are con-
nected to the tip and ring conductors
of the cable and to the jumper pair.
By this plug the central office and
cable circuits can both be patched to a
testing station. Inserting the dummy
plug disconnects the cable pair from
the inside circuit; and this 1s equiva-
lent to removing heat coils or dummy
heat coils from a protector mounting.
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Severalotherattachmentsareshown
in the photograph, some with their
protective covers removed. Above at
the right is a test plug which has
terminals from the two inner springs
only and is used to check cable pairs
during installation or in case of cable
failure. Below at the left is a reversing
plug which reverses the tip and ring
connection to the line. A guard, shown
near the bottom of the photograph,
serves as a marker for important cir-
cuits to prevent accidental insertion
of a plug. The object nearest the
jacks is a shield to cover completely

the front end of a jack when extr:
protection is desired. The gang plug
at the right opens ten pairs at a time
and is used principally in case of
cable failure.

Substituting the new jacks for pro-
tector mountings will reduce ap-
preciably the floor space required
where protector blocks are not needed.
In some cases it will make unneces-
sary a double-sided protector frame,
the cabling that is necessary between
the protector frame and the main
frame, and the additional mezzanine
platform and lighting facilities.

Testing toll circuits with a return-loss set which measures

the unbalance between a line impedance and a network

impedance. When the return-loss is high the balance is

good and this condition makes two-wire repeatered circuits
operate most satisfactorily
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Contributors to this Issue

P. W. Swenson graduated in 1927 from
Worcester Polytechnic Institute with a
B.S. degree in Electrical Fngineering. He
immediately entered the Systems De-
velopment Department of these l.abora-
tories. After spending a year in the
manual systems laboratory group, he
transferred to the relay group where he
has since been engaged in the application
and development of relays for various
central-office switching circuits.

J. W. Den~ joined the Engineering
Department of the Western Electric
Company in the fall of 1919, and at first
engaged in laboratory testing and analy-
sis of manual and panel telephone cir-
cuits. Subsequently he worked on the
design of manual circuits and later of
automatic testing circuits for panel
offices. Since 1933 he has been engaged in
the design of automatic testing circuits
and marker circuits for the crossbar sys-
tem. During this period, he has attended
classes at the Polytechnic Institute of
Brooklyn from which he received the de-
gree of Electrical Engineer in 1932.

J. E. Snarer joined the Laboratories
immediately after receiving his B.S. de-

gree in Physics at Pennsylvania State
College in 1919. Kor eight years he was
engaged in research testing of magnetic
materials, after which he transferred to
the Apparatus Development Depart-
ment. Here he worked on the design of
relays, switches to control electrolysis and
message registers. He is now primarily
interested in polarized relays.

J. F. Morrison joined the Fngineering
Department of the Federal Telephone and
Telegraph Company in 1923, where he
engaged in the development and manu-
facture of the earlier broadcast receivers
and transmitters. Previous to this time he
had spent two years at the Electrical Vo-
cational School, Buffalo, New York. In
1926 he left the Federal Company and
joined the Long Lines Department of the
American Telephone and Telegraph Com-
pany. The following year he was engaged
as wireless operator by the Radio Corpo-
ration of America, and operated on
Standard Oil Company ships between
New York and South American ports. A
year later he left to become Vice-President
and Technical Director of the Buffalo
Broadcasting Corporation which oper-

P.W. Swenson
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F. F. Morrison

ated Radio Broadcast stations WKBW),
WGR, WMAK and WKEN. In 1929 Mr.
Morrison joined the Radio Development
Department of these Laboratories. His
work in that department has included the
supervising of radio broadcast transmitter
installations, radio transmission studies,
and broadcast antenna design.

F. R. Dickinson graduated from
Union College in 1927 with the B.S. de-
gree in Electrical Fngineering. He at once
joined the Technical Staff of the Labora-
tories, where with the Trial Installation
Department he took part in various trials
at a number of places scattered around
the country. In 1932 he left the l.abora-
tories and was engaged in the develop-

F. R. Dickinson

R. L. Taylor

ment of electrical instruments and public
address equipment. Returning to the
Laboratories in 1936, he joined the Toll
Equipment Department, where he has
since been engaged in studies of automatic
regulation of carrier-telephone systems for
open-wire lines.

R. L. TavLor received the B.S. degree
in Chemical Engineering from the State
College of Washington in 1928 and an
M.A. degree in Chemistry from
Columbia University in 1939. He joined
the Laboratories in 1928. His work has
been concerned mainly with measure-
ments of the dielectric properties of or-
ganic insulating materials and studies
of their stability to water and sunlight.
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Terry

Hardy
Shafer
Huxham
Shetzline

Beawmont
Larew

Stacy .
Swenson .

de Kay
Ross

155
333
302

06

15
116
351
249
291
2853

41
398
385

229
185
191
297
245
160
148
200

52
178
397
212
34
100
11
23
353
379

363
I11



www.americanradiohistory.com

Central-Office Equipment (Continued)

Sound-Level Distribution Recorder
Switchboard Wiring (Picture)
I'ime Announcement Svstem
Chemical Laboratories
Conducting Particles in Condenser Paper (Picture)
Impurities of Lead Cable Sheath (Picture) . :
Sorption of Water by Organic Insulating Materials
Spectrochemical Analvsis
Synthetic Insulating NMaterials ( l’lgtuu)
Chester, New Jersey
Ficld Study of Cable Sheath (Picture)
Clock, Precision, for Telephone Time
Coaxial Cable (see Cables)
Condensers, Extruded Lead Casings for
Conference System, Long-Distance .
Connecting Blocks, Subscriber Station (l)lctme) 4
Crossbar System
Display Board for Crossbar Calls .
General Description of Crosshar Svstem .
Line-Link Frame
Multi-Contact Relay .
Originating Markers .
Picture Supplement . .
Sender-Link and Controller Cireuits .
Senders
Terminating 1\/1:“]\(1\
Busy Testing and Line-Choice Selection .
Number Decoding .
Trunking
Crosstalk
Crosstalk Balancing for Type-K Carrier System
Crosstalk Poling for T'vpe-K Carrier System
Suppressing Crosstalk on Type-K Carrier System
Crystals
Channel Filters for Broad-Band Carrier Systemns
Electrical Features . .
Physical Features

Desicciants, Drving Cable Splices by
Dials
Adjusting before Life Test (Picture)
Number Plate (Picture)
Diffraction Apparatus, X-Ray (Putuu)

[8]
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Kahl .

Edwards

Taylor
Ruehle

Terry

Gohn .
Ltheridge

Page .
Daviy .
Busch
Freile
Myers

Busch

NE‘ZUA\' an .

Deln .
Dehn .
Kittredye

Hockgraf

Admberg .

Aikens

W illis
Ziegler

1 [’I(‘A’l’/'

254
21
131

157
333
370
202
120

Jan—1V
272

277
181

320

146
173
266
301
327
April
321
234

373
356
217

181
191
206

62
66
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Electromagnet, General Purpose .
Flevtron Analysis of Stearic Acid Films .

F

Filaments, Coating Vacuum-Tube ( Picture)
Filters
Balancing Networks for Toll Cables
Crystal Filters for Broad-Band Carrier Systems
Electrical Features .
Physical Features .o
For H-1 Carrier Telephone Svstems . . .
Longitudinal-Noise Filter for T'vpe-K Carrier bv\tem
First Transcontinental Line
Fuses, Telephone Alarm

G

Galvanometers, Anti-Vibration Support for

Inductive Coordination
Tests on an A-C Electritied Railroad

Inductometer, High-Frequency

Insulation
Drving Cable Splices by Desiccants .
Sorption of Water by Organic Insulating \thendl\
Synthetic Insulating Materials (Picture)

J

Jacks for Main Distributing Frames
Kevs for Pirate Branch Exchanges

Marine Radio (see Radio)
Magnetization
Heat Treating a Magnetic Alloy ( Picture)
Magnetic Shields
Magnetic Shields for Transformers
Magnetizing by Condenser Discharge . .
Magnetizing Permanent Magnets of Receivers (Plcture)
Measuring Permeability Under Stress
Studving Magnetic Asymmetry ( Picture)

(9]
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Chegwidden
Gl’r"ll’r

Etheridge
1T illis
Ziegler
Israel

Rounds

Hardy

Gorton

Maurer .

Herborn .

Hocker
Taylor

Shafer

Elloood .
Gustafson

Dietz .

Goertz

319
12

388
17

62
66
45
297
350
178

195

239
351

74
370
120

397

168

Jan—11

93
97
59
130
141
233
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Magners
General Purpose Electromagnet . .
Holding-Magnet Selector for Teletypewriters .
Measurements and Testing

Call-Thru Test Set

Coordinated Induction I'ests on an A L l* I(Ltllh(d R(ullo(ul

Galvanometers, Anti-Vibration Support for
Inductometer, Precise High-Frequency

Noise at T'elephone Locations .

Oscillator, No. 178 .
Permeability Measurements Undu Stl(}w

Relay Tester with Lamp in Handle (Pictuve)
Return-Loss Test Set for Toll Circuits ( Picture)
Sound-Level Distribution Recorder

Telegraph Transmission Measuring Set, No. JJSAI
T'ime Intervals in Telephone Conversation

Test Set for ldentifying Telephone Wires

I"ransmission Neasuring Set, High-Frequency, No. ;OA
‘T'ransmission Speed Mleasurements of the Coaxial Cable

Vacuum-"Tube Test Set for Carrier Systems
Metals

Optical Properties of Alkali Metals

Rolling Permalloy Tape ( Picture)
Microanalysis

Studying lmpurities of Lead Cable Sheath ( Picture) .

Microphone, No. 639A Cardioid Directional
Modulation, Suppressor-Grid Type .
Molded Telephone Apparatus Design

Networks
Balancing Networks for 1'oll Cables .
Crystal Filters for Broad-Band Carrier Systems
Electrical Features .
Physical Features .
Iilters for H-1 Carrier System . .
Longitudinal-Noise Filter for 1'ype-K L arrier \\ stem
New York World's Fair
Entrance to Bell System Building ( Picture)
Exhibits, General Description (Insert)
Hearing Test Demonstration .
Ars. Gilbert Grosvenor Visits E \lnblt
The Voder
Description
The New York lxmex Ldltorml
Photograph of Voder Exhibit

[10]
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Chegwidden
Lang .

Taplin
Maurer
Gorton
Herborn .
Seacord
Means
Guoertx

Kall .
Hearn
Murphy .

Dickinson
I entz

Lutomirski .

Brigygs

Marshall
Green

Huxham

Etheridge

IVillis
Ziegler
Israel .
Raounds

319
281

38
239
195
351
306
291
141

16
398
256
224

85
230
385
309
316
343
145

333
338

41
212

Ly

62
66
+45
297

3035
June

369, 384

396

170

177
2653


www.americanradiohistory.com

Noise
Noise at Telephone Locations . . e e o Seacord
Prevention of Noise in Telephone Lnunt\ v« o . Shetzline
Sound-Level Distribution Recorder . . . . . . . . Kall .
Suppressing Noise on Type-K Carrier System . . . . . dikeus

0

Operators” Transmitters, lmproved Mouthpiece ( Picture) ..
Optical Properties of Alkali Metals . . . . . . . . Briggs
Order Turret, No. 4 . . . . . . . . . . . . . Beaumont
Oscillator, No. 178 . . . . . . . . . . . . . . Means
Qutside Plant

Spacing of Telephone Wires . . . . . . . . . . Car

p

Paper, Conducting Particles in Condenser ( Picture)
Photoelectric Cells
Optical Properties of Alkalt Metals . . . . . . . . DBrigys
Physical Research
Electron Analysis of Stearic Acid Films . . . . . . Germer .
Magnetic Shields . . . . e oo Elheood .
Optical Properties of Alkali \l(t(ll . e . e ... DBrigys
Point-to-Point Radio (sce Radio)
Police Radio (sce Radio)
Power Supply Systems
Charging Control for PBX Batteries . . . . . . . Knowlion
Power Plants

No.105A. . . .. . . . . . . . . Larew
No. 110A for Toll S\\tem\ .o . .« « « « . Larew
No. 420A for Type-K Carrier \\\t(m .o e o Spencer

Regulated Tube Rectifiers . . . . . . . . . . . Trucksess
Ringing Machines
Machine for Small Offices, No. KS-5510 . . . . . deKay
Plant for Large Offices, No. 803C . . . . . . . Ross
Private Branch Exchanges
Charging Control for PBX Batteries . . . . . . . Kuowlton
Keys for PBX's e
Order Turret, No. 4 .« .« . « . . . « . . . DBeaumont
Power Plant, No.1o5A . . . . . . . . . . . . Larew
Ringing Machine, No. KS-5510 . . . . . . . . . de Kay
Prizes and Other Honors
Elliott Cresson Medals
To G. A. Campbell
To J. R. Carson L.
John Fritz Medal to F. B. Jewett
Lawrence Sperry Award to R. C. Newhouse
Morris Liebmann Memorial Prize to H. T Friis

[ir]
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73, 90,

300

34
254
200

Il

343
100

291

106

343

12
93
343

28
304
245

24

363
111

I4
108
100

2¢

303
290
223

194
378
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Public Address Systems
Cardioid Directional Microphone, No. 639A .

Template tor Graphing Audio-Amplifier Performance

Q

Quartz Crystals (see Crystals)

R
Radio
Aircraft
Demonstration of T'errain Clearance Indicator
Broadcast
Amplitiers

Bridging, No. 94-Tvpe

Pre-Mixing, No. 104A

Program, No. 1054, and Line, No 106A
Antenna Avrrays, Adjustment of
Cardioid Directional Microphone, No. 639A

No. y0sA1 (5Kw.) Radio Telephone Equnpm(nt

No. 407A (50Kw.) Radio Telephone Lquipment
Picture Section

General

Radio Slide Rule ¢

Vogad for Radio-Telephone (,ontxo] lumnnls
Marine

Equipment for Small Vessels, No. 220A
Point-to- Point

Portable Emergency Radio Telephone Equipment

Police
Radio Telephone Lqguipment, No. 228A
Transmitter, No. 222A
Ship-to-Shore
Norfolk Antenna System
T'ransmitters
No. 22A (25 watts)

No. j05A1 (5 Kw.) Radio Telephone Equipment
No. 407A (50Kw.) Radio Telephone Equipment

Picture Section
‘I'ransoceanic
Vogad for Radio-Telephone Control Terminals
Railroads

Coordinated Induction Tests in an A-C Electrification

Portable Telephone for Railroads, No. 301A
Rectifiers

Power Plant, No. 105A

Regulated Tube Rectifiers .

T'ubes for 50 Kw. Transmitter (l’lLtuu)

[12]
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Marshall . . 338
dugustadr . . 153

84
1](11'/8_1) « b . 89
Owens . . . 260
Owendoff . . 125
Maorrison . . 390
Marshall . . 338
Coram . . . 7
Kishpaugh =

bept l to 1V

¢ geene m a4 w334
Doba . . . . 19
Browne . . . 21

198
o o s e 66
Caughey . . . 8o

134
Coram . . . 7
Kishbaugh . . 2

Sept—1I to IV

Doba . . . . 19
Muaurer . . . 239
Miller . . . 158
Larew . . . 28
Trucksess . . 24

105
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Reference Freguency Svatem
Kegulator, No. 2B
RBeluvs

[3aitery Charging Control Relay, No. 253 Type .

Yult-Contact . Y g
elay Tester with L.unp in Handl( (Pl(tUlE) ;
T'ime Characteristics of U-"T'ype
Tripping Relays, Increasing Range of

Ringing Nlachines
Machine for Small Offices, No. K5-5510
Plant for Large Offices, No. 803C

Rolling Mill for Permalloy T'ape (Picture)

S

Shields, Magnetic
Development of
For Transformers .
Ship-to-Shore Radio (see Radm)
Slide Rule, Radio . .
Sound, Speech, Hearing md ALoustlu
Noise at Telephone Locations .
Sound-Level Distribution Recorder
T'ime Intervals in Telephone Conversations
Spectrochemical Analysis
Subscribers Station Equipment
Anti-Sidetone Station Circuit .
Connecting Block (Picture)
Dial Number Plate ( Picture) .
Inside Wiring Cable (Picture)
Molded Telephone Apparatus Design
Telephone, Portable, for Railroads, No, ;()IA
Synthesizing Speech
The Voder
Description e
Iditorial in The New York 'l‘imc<
Picture at New York World's Fair

I'elegraph Systems and Equipment
Power Plant, No. 410A .
T'ransmission Measuring Set

Teletypewriter Systems
Adjusting Holding Magnet ( Picture)
General Features .

Holding-Magnet Selector
Page Teletypewriter, No. 26

[13]
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Meacham Jan~111, 138

Knowlton
Freile

Swenson .
Stacy .

de Kay
Ross .

Fllwoad .
Gustafson

Seacord .
Kahl .
Murphy .
Ruehle

Foley .

Huxham

Miller

Larew

Hearn

I atson .
Lang .
Swezey

285

14
301

16
379
353

363
111

145

93
97

334

306
254

202

347
320

52
302
212
158

170
177
265

314
224

33
53
281

257
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Television Pick-Up Over Telephone Cable Pairs
Testing (see Measurements and Testing)
Time

Announcement System

Clock, Precision, for ']el(phone llme
Reference IFrequencies, Generation of

Toll Systems and Equipment
Attenuation, High-Frequency, on Open Wire Lines .
Balancing Networks for Toll Cables
Conference System, Long-Distance .
Crystal Filters for Broad-Band Carrier H\xr(ms
Electrical Features
Physical Features . .
Filters for H-1 Carrier ] elephone S\xremx .
Four-Wire Circuits in Retrospect .
Inductometer, High-Frequency
Lockout in Long Telephone Circuits .
Noise Prevention in Telephone Circuits .
Power Plant for Toll System, No. j10A
Regulator, No. 2B
Return-Loss Test Set ( Picture)
Spacing for Telephone Wires . ..
T'ime Intervals in Telephone Conversation . ..
Transmission-Measuring Set, Portable High-Frequency,
No. 30A
Type-K Carrier System
Characteristics of System between New York and
Charlotte
Crosstalk Balancing
Crosstalk Poling
Longitudinal-Noise Filter
Power Plant, No. 420A .
Regulation
Repeaters . e
Suppressing Noise and Lm\\t 1H\
Tool for Amplifiers, No. 554A .
Twist Regulator ( Picture) .
Vacuum-"1"ube T'est Set for Carrier \\'xrvms

’l‘()()].\‘
Coaxial-Cable Cutter ( Picture)
Type-K Amplitier Tool, No. 554 .
I'ranscontinental Line, First .
T'ransformers, Magnetic Shields for
Transmitters, Radio (see Radio)
Transmitters, Improved Mouthpieces for Operators ( Picture)
Transoceanic Radio (see Radio)
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Edwards
Terry

Meacham Jan~111, 138

Curtis
Etheridge
Ftheridge

I illis
Ziegler
Israel .
Bouton
Herborn .
Horton
Shetzline
Larew

Carr

Aurphy .

Dickinson

Hockgraf
Amberg .
Rounds
Spencer
Drooks
Hilson

Aikens

Lutomirski .

Gustafson

131
272

121
17
181

66
45
116
351
249
34
314
285
398
106
85

385

229
185
191
297
245
160
148
206
151
137
310

140
151
350

97
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vacuum T'ubes
Coating Filaments ( Picture)
No. 268A (100 Kw.)

Nos. 312A and 322A for bupple\\m (xlul \[odulatmn .

No. 356A for Ultra-High Frequencies (Picture)

Rectifier T'ubes for 50 Kw. Transmitter (Picture) .
Vitamin BB, and Scientific Endeavor .
Voder, The

Description .

The New York l imes Ldltmml

Picture at New York World’s Fair .
Vogad for Radio-Telephone Control Terminals .

W

Wires and Wiring
Identifying Cable Wires
Inside Wiring Cable (Picture)
Spacing for Telephone Wires
Switchboard Wiring ( Picture)
World's Fair (see New York)

X
X-Ray Diffraction Apparatus (Picture)

[15]
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Green

Doba .

Crisfield

Carr

Jan.—T,

170
177

49

155

302

100
20

308
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