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B With the advent of the first general-service radars
(CXAM, SC-Series, etc.), technicians were confronted
with strange phenomena not previously encountered in
communication systems, such as higher frequencies,
pulsed r-f energy, microsecond timing, scope presenta-
tion of returning signals, and rapid pulsing of the
transmitter, to name only a few. One of the problems
which presented itself, not only to the technicians but
to the design engineers as well, was the problem of pro-
tecting the radar receiver during the time that the high-
voltage r-f pulse was being transmitted by the trans-
mitter section of the equipment. Since the repetition

rate of all general-service radars is at least sixty pulses .

per second and usually many times more, it was evident
from the first that a mechanical switching device to

The “Magi.c Tee"

close and open the receiver r-f input section in synchro-
nism with each transmitted pulse was out of the ques-
tion. This inescapable fact led to the development of
the electronic switching method commonly referred to
as duplexing, which in its earliest stage consisted of a
spark gap placed at a critical distance from a junction
point so that when it was broken down due to a high
voltage pulse from the transmitter it would present a
high impedance at a pre-determined point, thercby pre-
venting the high-voltage pulse from entering the re-
ceiver section. This spark gap was replaced in most
cases by gas-filled tubes very early in the program, but
the principle of operation remains the same.

In the late spring of 1944 the very popular SG (sur-
face-search) radar was modified in many ways, one of
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which was the introduction of a second gas-filled tube
in the r-f section. This tube was called the anti-dnplex-
ing tube, and its purpose was to prevent returning
echoes, which were relatively weak in comparison to the
letgoing pulses, from being attenuated by leaking back
into the r-f section of the transmitter. There were
other reasons for incorporating this anti-duplexing tube
into the system which were discussed in detail in
ELECTRON for May 1946, page 1. These duplexing and
anti-duplexing tubes later became known as the TR and
anti-TR boxes or cavities, With the passage of time,
the TR and anti-TR boxes with associated waveguide
fittings were improved in efficiency by various methods
such as more efficient tubes, keep-alive voltages, etc.
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FIGURE 1—E:line distribution in a rectangular wave-
guide, yhowing the reversal of polarity coincident with
phase -changes. View is from the narrow side of the

e @ guidé ay indicated by the dimension.*a”.

However, a1 very late development in the waveguide
duplexing field was the introduction of the magic ree.

Basically, the operation of the magic tee depends
upon the difference between the coupling of waveguide
tees in the E and H planes. From waveguide theory we
know that the energy in a waveguide is contained in
two fields, an electric or E-line field, and a magnetic or
H-line field. The E lines in a waveguide can be repre-
sented as strgight lines existing in a plane perpendicular
to the widest dimension of the guide, while the H lines
are in the form of loops formed in a plane parallel to
the widest dimension of the guide. By this geometrical
arrangement the E and H lines, and consequently the
clectric and magnetic fields, will be at right angles to
each other.

To visualize the electric field in a waveguide let us
assume a sine wave traveling along the waveguide with
the peaks (both positive and negative) bounded by the
walls of the wide dimension of the guide. In other
words, if we look at the narrow dimension of this guide
we will see the rise and fall of the sine curve as a single
line with the electric field intensity at its maximum at
the peaks of the curve as shown in figure 1. Obviously
this field would reverse in polarity with each reversal in
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FiGure 2—FElectromagnetic or H lines in a rectangular

wavegnide as viewed [rom the wide dimension indicated

by “b”. Note that maximum H field occurs simultane-
ously with minimum E field as shown in figure 1.

phase of the sine curve. If this field were plotted by
arrows representing the E lines at right angles to the
side walls of the guide there would be few at the null
point of the sine curve and a gradually increasing num-
ber as the field approached a maximum, with the polar-
ity (indicated by arrow heads) changing direction in
the guide as the curve swings through its complete
cycle. “This action is repeated rapidly thus developing
the electric ficld in the guide.

An'H field may be visualized as a series of closed
loops formed in a plane parallel to the wide dimension
or side walls of the waveguide, as shown in figure 2.
From fundamental theory we know that in transmission
of r:f ¢nergy through a transmission line the electric
and magnetic fields are inseparable but will be displaced
from each other by ninety degrees in both space and
time. Therefore, if we combined figures 1 and 2. it
will be shown that the maximum electric field occurs
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FIGURE 3—W avegnides connected to form an E-plane
T junction.

during the minimum magnetie field and vice versa.
When two picces of waveguide are joined as shown in
figure 3 they are said to form an E-plane T junction.
If they are joined as shown in figure 4 they form an
H-plane T junction. It is an established fact that when
energy is fed into a T junction with matched loads on
the branch arms, the energy will divide between the
two branches. However, a fact which is often over-
looked is the phase relationship between the electric
fields in the two branches in reference to the junction
point. This depends upon whether an E- or H-plane
junction is employed.

Referring to figures 1 and 3 let us explore the trans-
fer of energy from the branch arm into the two sections
of the main wavegnide. As can be seen from figure 1,
the E lines are following a sinusoidal pattern as the
wave approaches the end of the branch arm. As has
been explained in preceding paragraphs, the polarity of
the E lines will be changing as the wave progresses
down the guide, with the result that the heads of the
arrows will be reversing direction in the guide simul-
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FIGURE 4—Waveguides connected to forn: an H-plane
T junction. Compare this type of junction with that
thown in fignre 3.

tancously with the changes in polarity. Figure 5 is a
cut-away view of the E-plane junction looking at the
narrow dimension of the guide. It can Le szen from
this figure that as the E lines reach the end of the
branch arm they tend to bend outward, forming curved
lines which eventually will join the opposite wall of the
main guide. However, in so bending and progressing
out Ih:: two arms of the main guide, their phases will
be reversed making them 180° out of phase but identi-
cal in amplitude at any point equidistant from the
junction.

On the other hand, if we consider figures 2 and 4 the
transfer of energy is of a different naturc. In figure
2, which is a side view of the waveguide, we see the H
lines formed in loops in the waveguide, parallel to the
sides of the guide. As stated previously, for each series
of H-line loops there will be a series of E lines, com-
bined as shown in figure 6, which is a side view of the
guide. To better illustrate the division of E-line energy
and the resultant identity of polarity in the branches,
only four E lines are shown in this figure. As the H
loop approaches the junction, it will start to divide into
two H loops with accompanying E lines. Since our
reference in this explanation is the E lines or field, we
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FIGURE 5—Transfer of energy from a branch to adjacent

arms through an E-plane junction resulting in oul-of-

phase electric field conditions in the adjacent arms.
Dimension "4’ is the narrow side of the gi/.r'z/e.

can therefore state that the division of energy will result
in no change in polarity of the E lines in the loops of
H lines proceeding out the two branches. Therefore,
we have established that E-plane junctions will result in
clectrical energy proceeding out the branch arms 180
degrees out of phase, while H-plane junctions will result
in electrical energy proceeding out the branch arms in
phase.

A simple rectangular magic tee is a four-branch net-
work consisting of the main waveguide, an E-plane junc-
tion and an H-plane junction, as shown in figure 7. In
this type of tee, if power is sent into any arm or branch
with matched loads on the other three, the power will
divide between the two adjacent arms and no power
will go into the opposite arm, as illustrated in figure 8.
We see then that energy transmitted into the H-plane
branch (magnetron input) will go out the two branches
comprising the main waveguide (toward the two TR’s)
but no power will go out the E-plane branch (antenna)
since the H-plane energy excites only an even-function
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FIGURE 6—Transfer of energy from a branch arm into

adjacent arms through an H-plane junction resultin g in

an in-phase electric field condition in adjacent arms.
Dimension “b" is the wide side of the guide.

wave about the plane of symmetry, whereas it takes an
odd symmetry to excite the E-plane branch. Conversely
cnergy sent into the E-plane branch will not couple to
the H-plane branch for E-planc energy excites only an
odd-function wave about the plane of symmetry, and
it takes an even symmetry to excite the H-plane. Of
course if there are reflections in either or both of the
branches adjacent to the E or H planes which will alter
the phase of the outgoing wave, the opposing side arm
(either E or H junction) will be excited by these re-
flected waves. On the other hand, reflected waves from
equal mismatches in the adjacent branches at points
equidistant from the junction result in a wave converg-
ing on the junction with the same symmetry as the
diverging wave, so that the reflected waves can only
excite the side arm from which they were originally fed.

By the reciprocity theorem it is established that energy

coming in from the two adjacent branches will only go
into one of the junctions, either the E-plane or the H-

H

FIGURE 7—Twe views of a conventional rectangular magic tee showing both an
E- and H-plane junction with the main wavegnide extremities indicated by L and R.

plane, depending on the phase of the two when they
arrive at the plane of symmetry. For example, if energy
is originally transmitted through the E branch it will
proceed out the adjacent arms out of phase. Upon re-
turning to the junction this energy will proceed out the
E branch, provided the phase rclationship has not been
changed due to a mismatch some place in the system,
thus tending to bring the two waves into phase. If this
mismatch should be placed in the system to bring these
waves in phase, they would proceed out the H plane
since the in-phase condition would excite the H planc
but would not excite the E plane.

For most applications of the magic tee it is desirable
to have some matching transformers added to the tee.
The only restriction on these matching devices is that
they do not upset the symmetry of the waves at the
junction. If the two ends of the main waveguide are
terminated in matched loads and energy is sent into the
E-plane branch a mismatch will be found which may
be cancelled out by the addition of a suitable iris or
other device in this branch. Similarly, one may produce
a match for energy fed into the H-plane branch.

A magic-tee duplexing system is shown in figure 8,
in which the orientation of the H, E, L, and R arms of
the two magic tees corresponds with those in figure 7.
The distances from the junctions to the two TR boxes
differ by a quarter wavelength, but the total distance
from the lower magic tee to the upper magic tee is the
same through both paths.

Magnetron power goes out the arms in which the TR
tubes are located, the two waves being in phase since
they are fed in on an H-plane junction. These waves
are reflected from the fired TR tubes and come back to
the magic tee out of phase since one wave has had to
travel a half wavelength farther than the other. They
then will go out the antenna arm since it is an E-plane

junction and will be excited by the out-of-phase com-
ponents arriving at the junction. The leakage powers
of the fired TR tubes arrive at the upper magic tee
junction in phase and thus go out into the dummy load
if the TR boxes are identical. When the system is re-
ceiving a signal, the received power comes in the an-
tenna arm, divides and goes out through the arms with
the TR boxes in them, passes through the TR tubes and
arrives at the upper magic tee junction out of phase,
Upon arrival at the upper magic tee out of phase they
will excite the E-plane branch which goes to the re-
ceiver, thus transferring the received energy to the re-
ceiver rather than to the dummy load.

MAGNETRON

FIGURE 8—Schematic diagram of a magic tee duplexer
atilizing two rectangular magic tees and two TR tubes

beet 1o anti-TR tube.
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The main advantage of this type of duplexer is the
elimination of the anti-TR boxes. Since in a magic tee
there is no coupling between the opposite arms with
equal loads on the adjacent arms, no received power will
be lost into the magnetron. In the X-band model the
total anti-TR loss (loss into magnetron, reflection out
antenna, and power into dummy load) is less than 0.5
db over a 129 band for all possible magnctron im-
pedances. Another advantage is the cancellation of the
leakage power of the two TR boxes. Any received power
leaking into the magnetron is either absorbed in the
magnetron or reflected by the magnetron and reaches the
second tee in such a phase that it will not go out the
mixer arm.

The main disadvantage of this type of duplexer is its
size. Another disadvantage is the fact that the TR tubes
must dissipate 1.4 times as much power as they would
if they were mounted in an ordinary duplexer. Since a
TR is a gas switch, the voltage across it when fired is
essentially constant regardless of the power level. The
power dissipated in a tube is proportional to the current
through it. Let us assume that we mount the tube on
the top face of the guide. Then the power dissipated in

it is equal to 1. In a magic tee, the power in arms L or
R traveling toward the TR tube is half that in the main
guide. Therefore, the amplitude of the current wave is
equal to 1/~/2 or 0.707 times the main line current.
The TR tubes present a short circuit which is the cur-
rent maximum and the magnitude of the current at the
TR tube is 2 times that in the main line, so that the
power dissipated is 2 times that in a normal duplexer.
A third disadvantage is that the leakage power which
gets into the mixer from high-level signals coming in
the antenna is the sum of the leakage from two TR
tubes instead of one as in a normal duplexer. For this
reason leakage tolerances on the TR tubes must be
minimized.

The rectangular magic tee has many applications such
as (1) a variable phase-delay device, more commonly
known as a line stretcher, (2) an impedance transformer
for matching various devices to a matched line, (3) a
balanced mixer, (4) the magic tee duplexer as described
previously in this discussion, (5) a balanced mixer
plus automatic frequency control, and (6) a double
balanced-mixer.

Multi-Channel Two-Tone
Radio Telegraphy . .

by L., C. ROBERTS,

Bell Telephone Laboratories

B During the late war, the armed forces needed greatly
expanded communication facilities between a multitude
of widely separated points. This need was filled to a
large extent by the use of radio-teletype circuits, em-
ploying the two-tone or frequency-shift type of trans-
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One of the main factors which led to this
widespread use of teletypewriters on radio circuits was
the success of the Multichannel Two-Tone Radio Tele-
graph System, which was used by the Navy and the
Army for long-distance communication. These fre-
quéncy-shift radio circuits were used as the backbone

mission.

- links in a world-wide network of communication facili-
. ties.

Shortly after Pearl Harbor, the armed forces were
confronted with the neced for increased telegraph com-
munication between the United States and many dis-
tant parts of the world. At the same time, many of
the radio-telephone terminals of the Bell System were

.not fully used either because the distant terminals were

in enemy country or because of Government restrictions
on overseas telephone conversations. Representatives of
the American Telephone and Telegraph Company,
aware of this situation and of the need for additional
facilities, pointed out that many additional telegraph
circuits could probably be provided by applying voice-
frequency carrier-telegraph systems to radio-telephone
circuits. It was requested that arrangements be made
to investigate this possibility, and it was decided that
tests would be made by engineers of the American
Telephone and Telegraph Company and Bell Telephone
Laboroatories. The demand was urgent. There was no
time to develop devices particularly suited to the pur-
pose, and thus equipment already in production had to
be adapted, if possible

An obvious starting point for the tests was to try the
operation of a standard VF (voice-frequency) telegraph
system (similar to the Navy Model UN Equipment de-
scribed on page 12, ELECTRON for April, 1946) on a
channel of a twin single-sideband radio system. It was
surprising to no one, however, that a very brief trial
indicated this was impracticable. The received tone of
one channel of a VI telegraph system operating over
such a radio channel fluctuates over a range of many db
from instant to instant. At one moment it may be re-
ceived at normal level, and a few seconds later the level:
may be 20 or 30 db lower. It might at first be thought
that an automatic volume control could be made to
compensate for such level fluctuations, and doubtless
considerable improvement could 'be obtained. In the
standard VI telegraph system, however, a single tone
is used for on-off keying of each channel, the tone being
connected to the circuit for dots and dashes (commonly
called marksy, and removed for spaces. If a volume
control were made fast enough to follow the very rapid
fading that is sometimes experienced ,the noise during
spaces would be amplified to the same level as the
signals, and thus no intelligence could be received.
This sets a limit on the possibility of improvement by
such means,
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FIGURE 1—Circuit arrangement of transmitier terminal
that supplies six hwo-tone radio-telegraph channels.

These considerations led to abandoning the attempt
to use single-tone transmission, and it was decided to
adopt two-tone transmission (frequency-shift keying)
instead. This latter method of transmission was de-
veloped by the Laboratories and, beginning in 1928,
was used for passing information by teletypewriter to
assist in handling telephone traffic over the radio-tele-
phone circuits between London and New York. For
two-tone transmission, one channel of the standard
system is used for marks and an adjacent channel, em-
ploying a tone 170 cycles higher in frequency, is used
for spaces. With such an arrangement, the amplitude
of the transmitted signal is substantially constant, and
a fast-acting gain-control device may be used without
danger of raising the noise to the level of the signal.
[See p. 5, ELECTRON for Sept. 1945]. This two-tone
transmission, however, has the disadvantage of requir-
ing two channels for each message, and thus provides
only six telegraph circuits for a twelve-channel system.

The results obtained with this two-tone system were
much better, but they were still not considered satis-
factory to meet present-day requirements. What was
needed was a limiter, a fast-acting device that delivers
a constant output for wide variations in the input signal
level.  No limiter was in production, but one had been
built at the Laboratories for some experimental work,
and this was borrowed for the tests.

With the limiter, there was a marked improvement.
The circuits were now good enough for automatic trans-
mission of International Morse code, in which the re-
ceived dots and dashes are recorded on a paper . tape,
but considerable further improvement was desired for
teletypewriter transmission, because even with the lim-
iter, deep selective fading would at times reduce the
signals below the noise level. With the former methods
of transmission, the receiving operator can use judgment
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FIGURE 2—Circuit arrangement of receiving terminal
for two-tone radio-telegraph transmission.

in interpreting the message, but a teletypewriter cannot
use judgment, and better transmission is consequently
required.

It is a well-known characteristic of selective fading
that when a signal received at one frequency has faded
so that it cannot be detected because its intensity is less
than that of the noise or static, a signal at a frequency
only a few hundred cycles away is usually being received
at a much higher level; and by the time this second
frequency has faded, the first will ‘generally have re;

turned to a usable value. It seemed reasonable, there-

fore, that if the signal were sent simultaneously on two .

frequencies, one or the other frequency could be re-
ceived most of the time.

This "frequency-diversity” system was tried and the
improvement was outstanding. The sending relays of
two channels carrying frequencies that differed by about
1000 cycles were connected at the sending end so that
the same two-tone signals were sent out simultaneously
on two pairs of frequencies. The detectors at the re-
ceiving end were connected to a single receiving relay.
Now the circuit was satisfactory for multi-channel tele-
type operation and made possible the provision of much-
needed facilities.

Standard voice-frequency carrier-telegraph equipment
was modified quickly by the Western Electric Compaﬁy
for two-tone operation, limiters were built, the equip-
ment was assembled in cabinets and delivered for ship-
ment to overseas points where it was most urgently
Single-sideband transmitters and receivers were
supplied also for locations where they were not already
The Long Department made the
necessary arrangements for the home terminals of these
systems.

needed.

available. Lines

The circuit arrangement for one channel of the sys-
tem is indicated in the first two illustrations. On a
marking pulse, the transmitting relay short-circuits the
935-cycle supply and allows the 765-cycle supply to
pass to the radio transmitter, while for a spacing pulse

the reverse action takes place. At the receiving end.

band-pass filters select the two frequencies for this chan-
nel and pass them to the limiter. At the output of the
limiter, similar band-pass filters select the two frequen-
cies and pass them to separate detectors, the outputs of
which operate the receiving relay.

From each such system, six two-tone circuits could be
obtained using the International Morse code with
Boehme recorders for receiving. To obtain teletype-
writer circuits, however, two of these two-tone circuits
had to be used for each message, and then there were
only three channels per system. The advantages of tele-
typewriters in furnishing immediate typewritten copy
and not requiring skilled operators were appreciated,

-but the attendant reduction in the number of circuits

per system to three was unsatisfactory on some routes.
Some means were therefore sought to increase the num-
ber of telegraph messages that could be transmitted over
a single radio channel.
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FIGURE 3—Transmitter terminal for multi-channel two-
tone rvadio teletypewriter transmission.

A voice-frequency telegraph system suitable for pro-
viding six two-tone circuits occupies a frequency band
less than 2000 cycles wide, while each channel of the
single-sideband system can transmit a band about 5000
cycles wide. On one radio channel there was thus space
for two voice-frequency telegraph systems, but no chan-
nel filters for frequencies above 3,145 cycles were avail-
able. To design and build them would have required too
much time. There was a channel shifter, however, that
was used on radio circuits to move the voice transmis-
sion from the lower frequencies to the upper frequencies
of one channel of 3 single-sideband circuit. By using
such a shifter, a method was designed for transmitting
six channels of the frequency diversity telegraph system
—twenty-four tones—over a single radio channel with-
out requiring much additional equipment.

The arrangement of the transmitter is shown in figure
3. Outputs of six two-tone telegraph circuits, and
a single-tone circuit used as an order wire, are connected
together and then passed through a resistance network
to a two-branch circuit—all frequencies flowing equally

into each branch. Along the upper branch they pass
directly to the radio transmitter through a low-pass filter
that passes all frequencies below about 2600 cycles.
Along the lower path, they enter the shifter circuit,
where they are modulated with the current from a 5270-
cycle oscillator. A balanced copper-oxide modulator is
employed that eliminates the carrier, -and the upper
sidebands are eliminated by a low-pass filter in the
shifter. The lower sideband frequencies, which are
higher than those in the upper branch, are then passed
through a high-pass filter to the radio transmitter.

The twelve frequencies from the six two-tone tele-
graph channels are spaced 170 cycles apart from 425
to 2295, inclusive, and the order-wire frequency is 2465.
The lower sideband frequencies resulting from the mod-
ulation of these frequencies in the shifter with 5270
cycles are spaced 170 cycles apart from 4845 to 2805.
The radio transmitter thus.transmits thirteen frequencies
spaced 170 cycles apart from 425 to 2465 cycles and a
corresponding set of thirteen frequencies from 2805
to 4845. Each teletype signal pulse is represented in
this group by two frequencies. Thus, a marking signal
for the No. 1 teletypewriter circuit is represented by
frequencies of 425 and 4845 (5270-425), while a
spacing signal for the same channel is represented by
595 and 4675 (5270-595) cycles, and so on for the
other five channels. If selective fading over the radio
path should drop out the radio frequency corresponding
to 425 cycles, the same information would nearly
always be carried on to the receiver by the radio fre-
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quer;cy corresponding” to 4845 cycles, which 1s about
4000 cycles higher.

Variations in the radio path cause large changes not
only in signal strength but also in the phases of the
alternating currents received. At the receiving end,
therefore, if the 4845-cycle current were restored to
425 cycles and combined with the 425-cycle current
transmitted directly without being shifted in frequency,
the two currents would reinforce each other at times,
but at other times they would tend to cancel each other.
To avoid this cancellation, the frequencies that were
shifted to higher values at the transmitter are restored

to frequencies differing from their original values by
. modulating with an oscillator frequency of 5610 cycles

instead of 5,270. Thus, an original frequency of 425
cycles, which is changed by the shifter of the trans-
mitter to 4845 cycles, is restored at the receiver not to
425 but to 765 cycles. The corresponding spacing
signal of 595 cycles would be restored to 935 cycles.
At the receiver, therefore, the two péirs of frequencies
for this particular channel would be 425 and 595, 765
and 935 cycles. These tones are combined in a hy-
brid coil, and amplified in a common limiter. At the
output of the limiter, they are once more selected by
band-pass filters and rectified in marking and. spacing
detectors. This.arrangement thus provides a six-channel

-frequency-diversity system without the duplication of

detectors or the development of new filters.

At the receiving end, therefore, the circuit is arranged
as indicated schematically in figure 4. At the output of

FIGURE 4—Receiving terminal for multi-channel two-tone radio teletypewriter transmission.
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the radio receiver, low-pass and high-pass filters separate
the frequencies below about 2600 cycles from those
above it. The output from this low-pass filter is con-
nected to the input of thirteen band-pass filters for the
frequencies 425 to 2465 cycles, inclusive, while that
from the high-pass filter passes to a channel restorer,
where the frequencies are modulated with the current
from a 5610-cycle oscillator. Channel filters in this
branch then separate the various frequencies, and the
pairs of frequencies from each branch corresponding to
a single channel are combined in a hybrid coil and then
amplified in a limiter. At the output of the limiter are
four channel filters. Two of them select the two fre-
quencies corresponding to marking signals and pass
them to the marking detector, and the other two select
the frequencies for the space signaling and pass them
to‘the spacing detector. Although one frequency of a
pair may have been climinated by fading, the other
will usually be present to operate the receiving relay.

This multi-channel two-tone system [Navy Model
UP Equipment] is capable of handling a large amount
of traffic over a single radio-frequency assignment with
comparatively low power per channel. Unlike other
systems of large traffic capacity, it furnishes independent
start-stop teletypewriter circuits which have maximum
flexibility in that they can be readily terminated in tele-
typewriters of types in heavy production and general
use, or extended over land lines to such machines at
different locations by simple connections which permit
use of standard forms of start-stop regenerative repeat-
ers where these are necessary. Operation with narrow
frequency bands for the individual channels was made
possible by the inherent frequency stability of the single-
sideband circuit. The system was designed and made
available quickly, utilizing for the most part standard
components already in production.

Multi-channel two-tone circuits have been used to
connect headquarters at Washington with the Armed
Forces in distant parts of the globe.  The Bell System
owned and operated one terminal of systems extending
to England, the continent of Europe, Hawaii, Australia,
and two locations in Africa The Navy and Army
owned and operated both terminals of other systems.
It is understood that their use was very satisfactory and
of great value in the prosecution of the war.

OCT FREQUENCY-SHIFT MONITOR

Reports from certain field activities indicate some
OCT's are being received in an inoperative condition.
The adjustments necessary to restore normal operation
are in some cases considered "factory” adjustments and
have not been included in the instruction book. To

assist field personnel, the noted malfunctions with the
proper correction steps are listed below.

Instability of R-F Oscillator Tuning Controls:

1—Remove oscillator oven cover and tighten thrust
bearing of main tuning control shaft.

2—Tighten coupling of main tuning control shaft
and the shaft extension carrying the main tuning knob.
A long (approx. G-inch) "Allen™ set-screw wrench is
necessary to perform this adjustment.

3—Tighten vernier tuning shaft bushing.
Excessive Distortion in Andio-Frequency Output:

1—Place a-f oscillator switch (C) S104 to EXT., the
r-f BFO switch (G) S101 to orF, and disconnect any
r-f input to connector J192 (located on rear of chassis).

2 Note current indicated on level and beat indicator
on both R-F BEAT AND TUNE and FREQUENCY-SHIFT
CHECK positions of the meter switch. This current
should be between .05 ma and .1 ma in either position.

3—Provided these currents are not between the limits
specified, remove the bottom plate from the monitor
equipment and adjust grid bias potentiometer R148
(located .in the rear right section) until the proper cur-
rent is obtained. If unable to adjust these currents to
equal and proper values, the larger current should be
set to 1 ma, then if the smaller current is less than one-
half this value a different tube should be substituted for
V105 and the above procedure repeated.

Reminds me of them nutating dipoles the EO
was telling us about.
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If you are receiving too many copies of
Electron, or if there are not enough to go
around, let us know about it. Or you may
drop us a line anyway, just to let us know
how you like the magazine.

Address: Editor, BuShips ELECTRON,
Bureau of Ships. Code 993-b,
Navy Department,
W ashington 25, D. C.
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