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ABSTRACT

The AN/ARC-19 (XN~1) Ultra High Frequency Airborne
Communication Equipment was designed at the Naval Re-
search Laboratory for use in Naval aircraft. This equip~
ment uses only seven crystals including one guard channel
crystal and provides 876 channels spaced 200 kc apart
throughout the frequency range of 225 to 400 Mc. The fre-
quency stability is maintained within #£5.8 kc under all
service conditions. All 876 channels are available to the
operator at the control box and, in addition, provision
has been made for any ten of these channels to be pre-
selected without tools at the control box and made avail-
able on a preset basis. 4all ten preselected channels can
be set up in less than three minutes. The power output of
the transmitter is greater than 4 watts over the entire
frequency range and the receiver sensitivity is 20 micro-
volts or less. The current drain from the 26.5-volt
supply is less than 20 amperes.

This equipment provides many desirable features and
with modification could be made suitable for use in Naval

Aircraft.
PROBLEM STATUS
This report concludes the work on the AN/ARC-19 (XN-1)

phase of Problem No. 36RO1-05. Work is continuing on the
XCU~1 phase of the problem.



PART I

Equipment Development

INTRCDUCTION

The Model AN/ARC-19 (XN-1) is an airborne multichannel communications
equipment operating in the frequency range of 225 to 400 Mc and providing
876 channels spaced 200 kc apart throughout this range. This equipment is
the model developed from the initial proposalé* for the design and develop-
ment of an equipment of this type based upon thie principles of the British
TR 1407 multichannel VHF communications equipment (100 to 130 Mc).”

This report includes development information, results of tests conduct-
ed to determine the operational characteristics of the completed equipment,
evaluation of the equipment, and a recommendation for an improved system.

The chief advantage of this multichiannel system over former systems is
the great reduction in the number of crystals necessary to provide the
equivalent of crystal control on all channels in a multichannel band. The
AN/ARC-19 (XN-1) provides complete coverage of all 876 channels in the band
from 225 to LOO Mc plus the 25 channels from 220 to 225 Mc using a total of
only seven crystals including one guard channel crystal. The other six
crystals are used in the frequency monitor. A separate crystal was requir-
ed for each channel in former systems.

Another advantage of this system over former systems is the ease with
which preselected channels can be set up. The entire operation of setting
up ten preselected channels requires less than three minutes.

The flexibility of this equipment is an advantage over former systems.
The operator has all 876 channels available at the contrcl box at all times
and the ten preselected channel settings can be changed without tools at
the control box while the equipment is in operation in the air. No adjust-
ments or alignments are necessary in order to change preselected channel
settings since all circuits are tracked and coupled to a common motor-
driven tuning assembly.

The AN/ARC-19 (XN-1) is pressure sealed to bvercome the difficulties
of operation at high altitudes. This seal also provides protection against
dust, fungus, and humidity. A porous cartridge containing a desiccant
is mounted inside the case to remove moisture from the internal air.

* References d through n, page 150,

** References a, b, and ¢, page 150,

1l



2 ''HE AN/ARC-19 (XN-1)

The AN/ARC-19 (XN-1) is the first equipment of its kind covering such
a wide range of frequencies and the first of its kind in this frequency
band; for this reason it was designed to operate only with equipments hav-
ing a comparable stability and the same channel spacing.

The original design and construction of the pre-engineering model of
this equipment was done entirely at NRL. The design and construction of
the preproduction models was done at NRL with the exception of the r-f
circuits, motor-driven tuning assembly, and control box, whicl. were design-
ed end built by Bendix Radio, Division of Bendix Aviation Corporation of
Towson, Maryland, using the principles evolved at NRL. The case was con-
structed by General Communications Corporation of Boston, Massachusetts.

FREQUENCY TOLERANCE

The frequency tolerances of the various circuits and components influ-
encing the overall frequency stability of the equipment are shown on Table
I. For each item, the highest frequency involved, the tolerance at the

-

monitor frequency, and the tolerance at the operating frequency are given.

The crystals for t he crystal oscillators are temperature controlled by
ovens, The ovens, crystals, and circuits are so designed that when the cry-
stal has been initially trimmed to the correct frequency, its frequency
thereafter will not change more than plus or minus 0,001 percent under Ser-
vice Oonditions. This tolerance includes drift due to tube changes and
tube aging.

The crossover frequency of the discriminator may change due to four
causes. The first cause is change intemperature. This change is listed in
the table as "drift" and must be held within plus or minus 0.l percent or
plus or minus 32 cycles. The second cause is tube aging, circuit variation,
or change in input level. This change is listed in the table as "shift".
The third and fourth possible causes of change are initial adjustment .nd
changing polarity. These two changes are lumped together and listed on
Table I as "adjustment error'.

The discriminator slot width is the range over which the master oscil-
lator can drift in frequency before the monitor causes the tuning motor to
return the master oscillator frequency back to a point that is within the
control range of the reactance tube.

Vhen all of the muximum deviations are added it is secen that under the
worst possible conditions of drift the maximum error for cne equipment is
plus or minus 13 kc at the output frequency.

RECEIVER I-F SELECTICN

I» order to determine the receiver passband assume that both the re-
ceiver and transmitter have drifted to the maximum deviation of 13 ke in



EQUIPMENT DEVELOPMENT 3

TABLE I FREQUENCY TOLERANCES AN/ARC-19 (XN-1)

Maximum permissible
Highest deviation
freq. |Percent |[Cycles at} Kc at
involved monitor |operating
freq. freq.
Reference Freq. Crystal 15 Mc | ¥0.001| ¥ 150 3.0
Harmonic Spectrum Crystal 5 Mc| ®#0.001| * 50 $1.0
I Total Crystal Drift * 200 %,.0
Liscriminator Crossover:
Drift 32 ke | ¥0.10 t 32 0,64
Shift 32 ke | $0.10 32 $0.64
Ad justment error 32 ke | t0.11 t 36 *0.72
II Total Liscriminator Error * 100 2,00
III Total Monitor Error I plus II * 300 +6,0
Discriminator Slot Width t 350 7,0
IV Total Frequency Tolerance T 650 +13.0

opposite directions and that 4 kc modulation of the transmitter is used.
The half bandwidth of the receiver at 6 decibels becomes the sum of 13 kc,
13 kc, and 4 ke, or a total of 30 kc. The total passband must then be 60
kc at the 6-decibel points.

Since the same oscillator is used for both the transmitter and the re-
ceiver, and the frequency of this oscillator is controlled by the monitor,
all that is necessary in order to switch from transmit to receive is to
change the crossover frequency of the discriminator in the monitor unit.
The oscillator frequency must be changed by one-fourth of the receiver i-ft,
and this change cante accomplished in the discriminator only if the i-f
center frequency is placed at a low enough value. Hence, it was found de-
sirable to use a low intermediate frequency. The use of a low i-f preclud-
ed the accomplishment of any attenuation of the image response in the r-f
section of the receiver and made it necessary to select an i-f which would
cause the image response to fall between channels.

The i-f first chosen for the An/ARC-19 (XN-1) had a mid-irequency of
45 kc. This choice was a compromise to eliminate excessive microphonics at
the low-frequency end of the passbznd and yet allow sufficient attenuation
of the adjacent channels at the high frequency end of the passband. The
image frequency existed between the operating chunnel and the adjacent chan-
nel. The i-f 6-decibel bandwidth was 60 ke to assure reception even under
the worst conditions of drift of both receiver and transmitter. A model of
this i-f was designed and constructed and tests were conducted to determine
the performence characteristics. The frequency allocation is shown graph-
ically in Figure 1 for this i-~f., Tests indicated that an i-f of this low
freqwency is not practical for a unit of light weight and smsll size. This
is discussed in detail in a succeeding section of this report.

In order to avoid the undesirable features of the 45-kc i-f it was ae-



cided to locate the i-f at a higher fre
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quency such that the image would fall

between the adjacent channel (n+1) and the next adjacent channel (n+2).
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Figure l.-Frequency Allocation
for Receivar with 45-kc I-F

will equal 180 kc and 120 kc. The mexi

This system has all the desirable fea-
tures of the first system, and avoids
some of the difficulties, The fre-
quency allocation is shown graphically
in Figure 2 for this system.

The center frequency of the i-f
characteristic must be determined in
such a way that a practicable attenu-
ation ratio of the skirts is obtained.
The attenuation ratio on each side of
the selectivity curve is defined as
the ratio of the absolute frequencies
.t the 6-decibel and 80~decibel points.,
suppose, first, that the image is
placed midway between channel (n+1)
and channel (n+2). The imagze fre-
quency will then be 300 kc sbove
channel n, and the i-f must oe 150 kc.
The frequencies at the 6-decibel
points will be 150 kc % 30 kc¢ which
mum transmitter drift plus modulation

is plus or minus 17 kc, and the maximum receiver oscillator drift is plus or

minus 13 kec.

Since the channel spacing is 200 kc, the total space available

for placing the image is therefore (200-17-17-13-13) kc or 140 kc under the

worst possible conditions of drift of t
maximum 80-decibel bandwidth is % 70 ke
and the 80-decibel points on the i-f
selectivity curve will thus be 150 kc
70 kc which will equal 220 kc and 80 ke
The attenuation ratios in this case
will be 220 - 120 - 1.5.

Tgo - L2 end 5 T
Hence, the center frequency of the i-
is not symmetrically placed between
the 80-decibel points so as to produce
equal attenuation ratios on either side
of the selectivity curve.

f

To determine the proper center
frequency of the i-f so that the atten-
uation ratios are equal, the atten-
uation ratios must first be expressed
as a function of the center frequency.
The proper center frequency of the i-f

ransmitter and receiver. Hence, the
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EQUIPMENT CEVELOPMENT 5

can be determined by equating the attenuation ratios. Refer to Figure 2
and assume that the receiver is operating on channel n. The image will be
placed between channel (n+l) and channel (n+2). The center frequency of
the i-f is designated as f; hence, the distance from channel n to the image
is 2f, ' The oscillator frequency tolerance is plus or minus 13 kc at the
output frequency. Therefore, the image frequency tolerance may be plus or
minus 13 ke. The transmitter frequency drift plus modulation is plus or
minus 17 kc. First, assume that a transmitter is operating on channel
(n#1). The difference frequency between channel (n+l) and the image center
frequency is (2f-200 kc). However, to allow for the 17-kc¢ maximum drift
plus modulation of the transmitter on channel (n+l) and the 13-kc maximum
drift cf the image, this frequency difference is reduced to (2f-200-17-13)
kc or (2f-230) kc below the i-f center frequency. This must be the lower
80~-decibel point of the selectivity curve. Since the 6-decibel points have
been set at (f plus or minus 30) kc, the attenuation ratio of the low fre-
quency side of the curve is £-30 . Next, assume that & transmitter
T-(2£-230)
is operating on channel (m#2). The difference frequency between the image
and channel (n42) will be (400-2f) which will be reduced by the maximum
13-kc receiver drift and the maximum 17-kc transmitter drift plus modulation
to be equal to(400-2f-13-17) kc or (370-2f) kc. The upper 80-decibel point
on the selectivity curve must then be f +(370-2f) ke, and the upper attenu-
ation ratio will be f#{370-2f) . These attenuation ratios are set equal
£ #30

and solved for f, as:

£-30 = _f+(370-2f
£-(2£-230) f430

.f - lh3t33 kc.

This shows that in order to place the image between the adjacent chan-
nel and the next adjacent channel and maintain a practicable design of the
i-f transformers, the center frequency of the i~-f should be 143.33 kc.

FACILITIES PROVIDED

The AN/ARC-19 (XN-1) uses a total of seven crystals including one
guard channel crystal and provides 901 preset channels spaced 200 kc
apart from the lowest frequency channel (channel number 100) 220 Mc, to the
highest frequency channel (channel number 1000) 400 Mc. The limits of the
allocated frequency band are 225 Mc and 40O Mc. Hence, only 876 of these
channels are within the allocated frequency range.

The channel numbering system is a decade system with channel 000 at
200 Mc. This system was chosen for simplicity and for convenience and
speed in channel selection. The monitor was designed to cover all channels
from channel number 000 (200 Mc) to channel number 1000 (400 Mc), but in



6 THE 4N/ARC-19 (XN-1)

this equipment channels below channel number 100 (220 Mc) are outside of the
tuning range of the r-f circuits and a mechanical stop in the control box
prevents the selection of these channels by the operator. A visible indi-
cation is given at the control box when the operator attempts to select one
of these channels.

All 876 channels are available to the operator at the control box, and,
in addition, rrovision has been made for any ten of the 876 channels to be set
up by a channel preselector control. One of the ten preselected channels
has been labeled G for guard channel transmission and one labeled M for man-
ual selection of any one of the 876 channels desired.

A separate, fixed-frequency, guard channel receiver is provided to per-
mit monitoring of the guard frequency while the main channel receiver is
tuned to another frequency. A switch on the control box enables the oper-
ator to select either the guard channel or the main channel receiver separ-
ately or both simultaneously. ‘

The sensitivity of the main channel receiver is 20 microvolts or less
over the entire band.

An altitude gain control is incorporated to provide a continuous in-
crease to six decibels in audio gain for a change in altitude from sea level
to 30,000 feet. This control consists of two potentiometers which are ad-
justed automatically for changes in amospheric pressure by means of a bellows.
One potentiometer controls the input to the grid of the final audio amplifier
in the receiver and the other controls the input to the grids of the diiver
stages in the transmitter modulator.

A table of dimensions and weights of all components is included in this
report ( page 107). The complete equipment is shown in Figure 3. This fig-
ure shows t he complete equipment consisting of the transmitter-receiver unit,
antenna, junction box, two headphone-microphone jack boxes, control box, micro-
phone, headset, and all cables. The additional outlet on the junction box
is for radio relay operation.

The transmitter-receiver unit is shown in Figure 4. The case consists
of two parts: the head, containing the dynamotors, blowers, heat exchanger,
power relay, antenna relay, transmit-receive relay, altitude gain control,
and external plugs; and the cover, which covers the r-f assembly, motor
drive, modulator, monitor, i-f amplifier and guard channel. The head and
the cover are fastened together by means of four,self-locking, lever-action
fasteners, and a pressure seal is obtained by using a rubber gasket between
the two parts,

The cover is fabricated of sheet aluminum except for the lip where the
cover and the head fit together. This lip is cast aluminum and is welded to
the fabricated cover. This lip and the guide rails which hold the unit in
place inside the case canbe seen in Figure 5. This figure shows the com-
plete transmitter-receiver unit with the cover removed. The r-f assembly,
monitor, receiver i-f, modulator, and guard channel r-f unit are all sepa-



Restricted EQUIPMENT DEVELOPMENT 7

rate sub-assemblies. These units are mounted on the main deck. Figure 6

shows the unit from the right side. The receiver i-f chassis is mounted on
the main deck on this side by means of four Airlock fasteners, and a dis-

connect is provided for electrical connections.

Figure 7 shows the bottom of the main deck where the r-f circuits, motor
tuning drive, modulator, and guard channel are mcunted. These units are sub-
assemblies and can be easily removed. All of the tuned circuits driven by
the motor are mounted on the same casting with the motor and tuning drive
assembly.

The left side of the unit is shown in Figure 8. The monitor unit is
mounted on this side opposite the receiver i-f chassis. The method of
mounting the monitor chassis is the same as that used for the receiver i-f
chassis.,

The top view of the unit is shown in Figure 9. This figure shows the
edge of the receiver i-f chassis and the edge of the monitor chassis. These
two chassis are mounted on opposite sides with the tubes to the inside. This
was done to facilitate servicing and simplify cooling.

The main deck is mounted at right angles to a plate which is fastened

to the head by four screws. This plate is provided with two disconnects.
The four-terminal disconnect is for dynamotor voltages. The large discon-

TRANSMITTER-RECEIVER UNIT

ANTENNA

JUNCTION CONTROL BOX AND
BOX INDICATOR UNIT

J ACK BOX ES

Figure 3.-Complete Equipment
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10 THE AN/AKC-19 (XN-1)

nect is for all electrical connections between the head and the main deck.
The dynamotors are shock mounted on the bulkheau plate and the internal blo
er rotor is mounted on the receiver dynamotor shaft. This blower cperates
at all times that the equipment operates. Figures 10 and 11 show the head
unit and the main deck separated to show the dynamotor disconnects and the
method of mounting.

The heat exchanger is welded into the head unit. An internal blower
circulates the air inside the case through the inner surfaces of the heat
exchanger, while an external blower circulates the outside air through the
external surfaces of the heat exchanger. The external blower is controlled
by a snap-action thermostat mounted at the rear of the main deck. When the
temperature of the air inside the cuse at the rear of the main deck reaches
LO® C, voltage is applied to the external blower through the thermostat
switch., The external blower and the external view of the heat exchanger are
shown in Figure 12.

The altitude gain control is shown in Figure 12. This control is a
plug~in unit and is held in place by a hinged strap which is fastened with
a screw. A sensitivity control consisting of a screwdriver adjustment, is
provided on the front panel. This control adjusts the screcn voltage on
the second stage of the i-f,

A power plug and the plug for connections to the control box are pro-
vided on the head. There are also two coaxial cable connectors provided.
Cne of the coaxial connectors is for the antenna and the other is to permit
the use of an AN/ARR-2 Homing Receiver on tie same antenna. A filter is
provided inside the head to prevent interference between the AN/ARC-19
(XN-1) and the AN/ARR-2 receiver. All plugs on the head are pressure tight.

A valve is provided on the head as a safety precaution to permit the
release of any pressure inside of the case before opening the fasteners.

Figure 13 shows the interior of the head. The desiccant cartridge is
shown in the air flow channel at the top of the figure. A filter box is
shown mounted in the head at the bottom of the figure and housing is pro-
vided for the leads from the disconnect to the head and from the disconnect
to the external plugs. The filter box is mounted by means of four screws.
Individual filters are provided in this filter box for each external lead
coming into the unit through the main plug. Separate filters are provided
for the dynamotor input. In the lower right hand corner of this figure are
the transmit-receive relay and the power relay.

The main channel receiver r-f circuits are shown at the top left in
Figure 1l4.

Figure 15 shows the main deck with the monitor chassis and the receiver
i-f chassis removed. There are two spring loaded guide pins mounted at the
rear of the main deck which hold main deck in place when the cover shell is
in position.
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SENSITIVITY

CONTROL: HEAT

EXCHANGER

EXTERNAL
BLOWER—

INPUT TO,
AN/ARR-2

ANTENNA

ALTITUDE GAIN CONTROL —y

Figure 12.-Front View of Head Unit with Cover Plate Removed

Figure 16 shows the top view of
the receiver i-f chassis. The dis-
connect is shown at the lower center
of the chassis, Figure 17 shows a
top view of the receiver i-f chassis
with the relay box cover removed,

The wiring side of the receiver
i-f chassis is shown in Figure 18.
Handles are provided to facilitate
removal of the chassis from the main
deck., These handles also prevent
damaging the components when the
equipment rests on the wiring side.

The top view of the monitor
chassis is shown in Figure 19, A
similar view of the monitor chassis
with the relay box cover removed is
shown in Figure 20, The wiring side
of the monitor chassis is shown in Figure 13.-Rear View of Head
Figure 21, Unit with Cover Plate Removed




THE AN/ARC-19 (XN-1)

12

peaowey JeA0) xog ABTey
Y3TM STISBYY J-I Jo MeTp dol-*,T ean3ig

paAowey Syssw) J-] pus
STSSBY) JOITUON WITM Fooq UTBR=-*GT eandryg

STes®) 4-I Jo MeTA dol-*97 exn3ty

Xoeq Jg-¥-*$T oan3tg




13

EQUIFMENT DEVELOPMENT

ST88BY) JOFTUOR JO MOT) W0330g=-°*T2 oInITg

8T1898Y) JO0}TUON Jo meTp dog-*g1 8.In31yg

pPoAomey 194070 xog A®Tey
U3 T4 STSSBYD J03TUOR Jo meTA dof-°0z ean3ty

ST8SBYD J-1 JO MOTA Wo3jog-°gl e.n3 iy




1 THE AN/ARC-19 (XN-1)

The guard channel and modulator are shown removed from the main deck in
Figure 22. The guard channel is held in place by three screws. A sensitiv-
ity control consisting of a screwdriver adjustment, is provided on the guard
channel. The modulator is held in place by four screws and is mounted at the
rear on the main deck.

Figure 23 shows the main deck with the r-f circuits removed. The r-f
circuits are mounted on the casting for the motor and tuning drive assembly.
This complete unit is held in place by six screws. The underside of the
modulator and the guard channel are shown in Figure 23.

The control box is shown in Figure 24 with the channel indicator attach-
ed. All 876 channels in the 225 - 400-Mc band are available at the control
box at all times. Ten preselected channels are provided and may be selected
by turning the knob until the number of the desired preselected channel ap-
pears in the window labeled "preselected channel." The actual channel number
(100 to 699) is shown in the three windows of the channel indicator unit. A
volume control is provided on the control box at the upper left hand corner.
This control varies the input to the grid of the final audio stage in the re-
ceiver. The three-position switch at the lower left-hand corner labeled
"main-guard-both" permits the operator to select the guard channel receiver
output or the main channel receiver output separately or both simultaneously.
A switch is provided to enable the operator to select voice or tone trans-
mission or to turn the equipment off., A squelch disable switch and a ready

RECEIVER AND TRANSMITTER R-F ASSEMBLY

O B uaRD QI-A\ANNEL R-F

Figure 22.-R-F Assembly with Guard Channel Receiver and Mod-
ulator Unit Detached.
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Figure 23.-Bottom View of R-F Assembly, Guard Channel Receiver,
and Modulator Unit.

light test switch are provided.

The channel indicator is a separate unit and can be placed anywhere in
the plane or geveral can be used at different positions if desired. Figure
25 shows the control box and the chamnel indicator unit separated. Both of
these units were designed in such a way that they can be mounted in a con-
sole rack. The control box and indicator unit are pressure sealed and a
desiccant cartridge is inclosed, see Figure 92.

TRANSMITTER DEVELOPMENT

The initial development of the AN/ARC~19 (XN-1) transmitter was con-
ducted at the Laboratory and a unit was constructed breadboard style with
each stage individually tuned. The original unit consisted of four stages:
oscillator, first doubler, second doubler, and power amplifier. Lumped-
constant circuits were utilized in the oscillator and first doubler stages,
but cavity resonators were used in the second doubler and final amplifier
stages.

The power output over the entire frequency band was well in excess of
the specified minimum value. However, tracking problems had not yet been
encountered since the circuits were individually tuned.
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It was necessary to gang all the variable tuned elements of the
AN/ARC-19 (XN-1) to a common motor drive system, In addition, a remote-
control box with a complicated planetary
gear system was required. Shop facilities
of the Laboratory were inadequate to pro-
vide the necessary machined components of
the motor drive system, the remote-control
box, and the r-f unit within the time limit
of the AN/ARC-19 (XN-1) development schedule.
Hence, it became necessary to let a contract
to an outside firm--Bendix Radio, Division
of Bendix Radio Coporation, where facilities
were available for the rapid construction of
these units,

Bendix Radio redesigned the transmit-
ter and constructed the variable cpndensers
and the transmitter cavities. A complete-
ly new chassis layout was made to fit all
of the r-f components, modulator, and the
motor drive system in the allotted space
below the deck and behind the bulkhead.
Figures 7, 14, 22, and 23 show the completed
r-f unit, The final design of the transmit-
ter consists of the following r-f circuits
and the corresponding tubes:

Master Oscillator 2 type.6C4's

in push-pull
Figure 24.-Control Box and First Doubler 1 type 2039
Second Doubler 1 type 2C39
Indicator Unit Final Amplifier 1 type 2C39

oY) *\

1%
IERNY

Figure 25,-Control Box with Indicator Unit Detached
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Figure 26.-Transmitter Block Diagram.
The modulator consists of the following circuits and tubes:

Amplifier (or tone oscillator) 2 type 6BA6 (in push-pull)
Modulator 2 type 6435 (in push-pull)
Speech Limiter 1 type 6AL5

A block diagram of the transmitter is shown in Figure 26, and the schematic
is shown in Figure 27.

The master oscillator and the first doubler circuits are tuned by a
condenser gang having three dual sections. (The third section is used in
the frequency divider circuit.) 4 separate condenser gang *unes the cavity
resonators of the second doubler and final amplifier stages. Both variable
condensers are coupled to the motor drive through a worm drive. The master
oscillator is continuously variable by means of the motor drive, between
55 and 100 Me, and the actual tuning is controlled by the monitor unit. A
conventional push-pull circuit is used for the oscillator. Coupling from
the oscillator to the first doubler state is obtained through a mica con=-
denser. The first doubler is coupled by a coaxial cable to the second
doubler which is mounted on another chassis. The output of the second
doubler is loop-coupled to the cathode of the final amplifier which is loop-
coupled to the antenna relay.

The modulator employs a push~-pull amplifier and a push-pull modulator
output stage. A double-diode connected to a secondary winding on the modu-
lation transformer converts a small amount of the modulator output into a
negative d-c grid bias for the amplifier stage. A positive delay voltage



THE AN/ARC-19 (XN-1)

18

17 : 3
, wT 1294 &0 nt £ st
| ads

(224 W ‘vosy

o 3 £
£ wan £ s K ,.U&.i
res> 7
|
P £
£ a4 ‘w 2z

Lrquessy J-Y

Jo weaSetq STIEPWSYOS~°/LZ aInTT4

TN s

1L

mwmw

Ez

 >i5eh |Lova £ ora
45
£ -l
A w4 > wrn
e atfy
<
w24 R=x
55 sl '
TN NI FTLIISNETL

ook 1.5




EQUIPMENT DEVELCPMENT 19

on the cathode of the rectifier was adjusted to a level which prevented a
bias voltage from being developed until a predetermined modulation level was
reached,

The above system permitted the use of a high gain modulator unit with-
out producing modulation levels in excess of 100 percent. 4An aneroid control
in the grid circuit of the modulator amplifier increased the amplifier gain
with increase in altitude. However, the effect of the altitude gain control
was greatest at low modulator input levels where the speech leveler had not
yet caused reduction of modulator gain. The altitude gain control (Figure
12) is located in the head of the AN/ARC-19 (XN~1) unit where a change in
external pressure will operate the bellows to produce a change in potentio—-
meter setting.

RECEIVER DEVELOPMENT

The AN/ARC-19 (XN-1) equipment was designed to receive signals on any
main channel, on the guard channel, or on both channels simultaneously.
Tentative specifications required a sensitivity of 5 microvolts with a sig-
nal-to-noise ratio of six decibels when using a 30-percent modulated input
signal. It was necessary to provide a flat receiver bandwidth of at least
60 k¢ while maintaining a 140-kc bandwidth at the 80-decibel level. It was
possible to simplify the design of the monitor unit by using a low frequency
i~-f. Since with a low intermediate frequency no image rejection could be
realized in the r-f circuit, it was decided to locate the image between the
operating frequency and the next adjacent channel. This choice predetermined
the center frequency of the i-f to be 45 kc as shown previously in this re-
port.

An i-f amplifier was designed and constructed to meet the bandwidth re-
quirements. Overall dimensions were 4" x 5" x 18", and the weight was 10
pounds. It consisted of three i-f stages coupled into a conventional diode
detector. The detector was followed by a Wasmansdorf-type noise limiter,
and audio filter. The additional audio circuits included a squelch tube and
a power amplifier which fed into two 600-ohm headsets in parallel. A delayed
AVC system was also included. The i-f stages were coupled with band pass
filters composed of one and one-half sections of constant "K" and a half
section of series "M" derived to hold constant input impedance over the pass

band of 15 to 75 kc.

Operationt of the composite i~f audio strip showed that inherent de-
ficiencies would prevent its use in the AN/ARC-19 (XN-1) receiver. Micro-
phonics presented a serious problem in the design of such a low-frequency
i-f system. Distortion of the i-f carrier was severe since harmonics up to
the fifth were passed without attenuation when the i-f carrier frequency was
near the low-frequency end of the pass band. Carrier distortion was excess-
ive even at 45 kc. Although the modulation distortion was not excessive, the
effective modulation percentage was increased with increase in input signal
through the i-f amplifier until a one-volt 30-percent modulated signal at
the input became a 100-percent modulated signal with excessive distortion
at the detector. The i-f carrier distortion began at about 5000 microvolts
and became increasingly worse at higher input levels.
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Since the i-f carrier could be as low as 15 kc it was imperative to in-
clude an audioc filter to prevent this low frequency from overloading the
audio amplifier. At such a frequency the filter components were physically
large and the size and weight were prohibitive for a compact airborne unit
of this type. Similarly, the components in the i-f filter units were large
and could not be easily constructed in compact form.

The overall transient response was poor due mainly to the ringing of
the complicated audio filter. However, the transient response of the i-f
stazes alone was fair and the i-f would pass a 300-cps square-wave modulated
signal with very little distortion.

The many defects of the 15 to 75-kc i-f pass pand led to the choice of
a higher center frequency where the defects could be overcome. Since the
monitor design required that the i-f be kept at a low frequency, the next
higher usable frequency was calculated to be 143.3 kc. The derivation has
been shown previously. This frequency was determined as the one which will
cause the image frequency to fall between the adjacent channel (n+l) and the
next adjacent channel (m+2), yet maintain equal attenuation ratios on both
sides of the i~f selectivity curve. It was again necessary to provide a band-
width of 60 kc at the 6-decibel points and 140 k¢ at the 80-decibel points.

A model was designed and constructed. The circuits included three stages
of i-f amplification, a diode detector, a delayed AVC, a noise limiter, a
squelch, and an audio amplifier. All but the i~-f stages were similar to the
first model. The overall dimensions of this model were 2" x 3" x 143", and
the total weight was 2.55 pounds. The decrease in size and weight from the
original model was appreciable,

The i~f transformers are triple~tuned. The transformer design lent it-
self to small size and the transformer could be conveniently mounted in a
shield can 1% inches in diameter and 2 inches high.

The operation of this i-f amplifier at high input levels was considerably
better than the lower frequency one described previously. Here the i~f center
frequency was high enough that under no condition could harmonics of the i-f
carrier be passed by the amplifier without attenuation. This allowed oper-
ation with signal input levels of two volts without serious distortion of
the modulation. The modulation percentage did not increase as rapidly as in
the 45-kec i-f and would allcw the operation of a clipping noise limiter in
the audio circuit to function satisfactorily over a much wider range of in-
puts. The frequencies within the i-f bandwidth were considerably higher
than the highest audio frequency and could be filtered at the detector with
a simple resistance-capitance circuit,

The main cause of the poor transient response had been eliminated in
this design; hence, the overall transient response was good.

Microphonics were eliminated since the i-f frequency was considerably
above the lower frequency band in which microphonics were prevalent.
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A model of the guard channel receciver was designed and constructed at
the Laboratory. The entire r-f portion, including oscillator-tripler, doubler,
mixer, and r-f amplifier was mounted on a chassis 1-3/4" x 2-3/4" x 7i". A sensi-
tivity of five microvolts was obtained with a signal-to-noise ratio of six
decibels. The mixer stage was a push-pull circuit, but the other stages were
conventional circuits. The primary difficulty wias that of excessive radiation
from the oscillator and multiplier circuits. Otherwise the guard channel
operated satisfactorily.

Construction of the r-f section of the main channel receiver was not
completed by the time a contract was awarded to Bendix Radio, Division of
Bendix Aviation Corporation.

The r-f portions of the receiver were redesigned and constructed by the
contractor under the contract which included all r-f circuits. The i-f, a-f,
and voltage-regulator circuits were designed and constructed at the Labora-

tory.
The tube complement of the receiver is as follows:

Main Channel r-f Amplifier 6FL

Main Channel Mixer 64K5
Guard Channel r-f Amplifier 6AK5
Guard Channel Mixer 6AKS
Guard Channel Oscillator 6AK5
Main Channel 1lst i-f Amplifier 6AK5
Guard Channel 1lst i-f Amplifier 6AK5
Second i-f Amplifier 6AK5
Third i-f Amplifier ' 64K5 .
Detector and Noise Limiter 6AL5
First a-f Amplifier 6AK5
a-f Output 25L6
AVC Diode and Squelch Diode 6ALS
Rough Regulator 6J6

Squelch d-c¢ Amplifier 6AK5
Squelch and Radio Relay 6J6

Gas Regulator (150V) 0A2

Regulator d-c Amplifier 6AK5
Regulator (150V) 25L6
Regulator (150V) 25L6

The receiver block diagram is shown in Figure 28, and the schematic is
shown in Figure 29.

The main channel receiver is tuned by a three-gang condenser composed
of three dual sections. Two of these were incorporated in the input circuit
of the r-f stage while the other section was used in the input of the mixer
stage. The mixer tube is a pentode but the plate and screen were connected
together to provide triode operation. The mixer circuit is unusual in that
subharmonic injection is used. The oscillator voltage is obtained from the
master oscillator and applied directly to the mixer cathode across an r-f
choke. The r-f signal input applied to the control grid is mixed with the
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24 THE AN/ARC~-19 (XN-1)

fourth harmonic of the oscillator frequency to provide the i-f difference
frequency. The fourth harmonic of the oscillator frequency may be above or
below the channel frequency by the i-f of 143.3 kc, depending upon the
channel number. Subharmonic injection was found to rroduce a better signal-
to-noise ratio than when using a conventional mixing frequency.

The guard channel is fixed-tuned, but may be trimmed over the frequency
range of 275 to 285 Mc by a screwdriver adjustment of trimmer condensers. It
is necessary to use a crystal oscillator with a crystal oven to provide a
sufficiently stable local oscillator signal to the guard channel mixer. The
crystal must be changed in order to change the guard channel frequency. Sub-
harmonic injection is used in a circuit similar to the main channel mixer,
but the sixth harmonic of the crystal oscillator frequency is used in the
mixing action.

Both main and guard channel mixer stages are coupled to separate first
j-f stages through triple-tuned transformers. The i-f consists of three
stages, the second and third stages being common for both r-f inputs.
Triple~tuned transformers are used as coupling between i-f stages and as
coupling from the last i-f to the detector. The coil construction as shown
in Figure 30, is identical in each of the triple-tuned stages. The trans-
formers were fixed-tuned before assembly, then covered with three coats of
Glyptol baked on sepgrately.

¥-32 TAP_ ZPHENOLIC ROD
\\
[ FIBER WASHER
T g STACKPOLE C3 —T-
i S 7 sk-1 SLUG
¥
— OUTPUT COIL
Ry— —Rg
PHENOLIC PLUG  CI e
" F LUM. CAN 15 x
17 12 x 243
) T2 X 27
NOTE:

ALL THREE COILS HAVE

520 TURNS #39 SSE,

3/8" I.D., 1/4" CAM

3.4 MH WITHOUT IRON CORE

Figure 30,~I-F Transformer Assembly
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A low frequency iron slug insures overcoupling of the coils and permits
mounting in a small size shield can. The input and output transformers differ
slightly from the interstage transformers. The input transformers have
across the input coil a condenser of such size that the total capacity of
the mixer output circuit, the cable, and the condenser will equal that value
used on the other transformers. The ocutput transformer differs electrically
from the interstage transformers only in the resistor loading of the coils.
The input and output coils of each t ransformer are loaded with one-half watt
carbon resistors.

The i-f output stage is connected to three diodes. Coupling is made to
the cathode of the detector tube, and to the plates of the squelch and the
AVC diodes to divide the loading to each half of the modulation envelope.

The audio circuits which follow the detector consist of a Wasmansdorf
series diode-type noise limiter, an audio amplifier, and a power amplifier.
The output transformer is matched to a 300-ohm load which would be approxi-
mately equal to the load of two headsets in parallel. A pressure operated
aneroid gain control forms a part of the plate load of the a-f voltage
amplifier and causes a six-decibel increase in the voltage supplied to the
grid of the power amplifier when the ambient pressure changes from that at
sea level to that at 30,000 feet. The grid circuit of the power amplifier
contains the audio volume control potentiometer.

The AVC diode is operated with a delay voltage of ten volts to prevent
the reduction of receiver gain at the low input levels. To prevent feed-
back difficulties, the AVC circuit impedance was reduced. The AVC bias
voltage is applied to the grid circuits of the r-f amplifier and the first
and second i-~f stages,

The output of the squelch diode is amplified through a d-c¢ amplifier
and fed to the grid of the squelch tube., If the grid voltage is sufficient
to overcome the positive cathode bias voltage, the tube will be brought into
conduction and the plate ciraiit relay will be energized. A squelch disable
switch in the cathode circuit of the d-c amplifier opens the cathode and pre-
vents the flow of current in this tube. In this case the squelch tube has
sufficient positive grid voltage to cause the plate cirait relay to be
energized. The relay has two functions; squelch action and mdio relay oper-
ation. The low side of the audio output transformer is connected to one con-
tact of a S.P.S.T., normally open set of contacts. The other is grounded.
When the relay is energized the contacts close, the audio circuit is com-
pleted to ground, and the audio signal may be heard in the headset.

Radio relay operation may best be described by reference to Figure 31.
When two AN/ARC-19 (XN-1) equipments are located in one aircraft, the radio
relay may be used. It is required that four leads be coupled between unit
# 1 and unit # 2 as shown in Figure 31. It is necessary that the remote
boxes be set for voice operation and that unit # 1 and unit # 2 be on
different channels. The radio relay may then serve as a link between two
stations and increase the range of communication considerably over line-
of~sight distances.
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A 5.F.D.T. set of relay contacts are used for radio relay control. any
signal of sufficient strength to cause operation of the relay will ground the
radio relay lead. If the relay of unit # 1 is energized and the radio relay
lead grounded, the T-R mic lead of unit # 2 will be grounded and this unit
will transmit. The receiver unit # 1 audio output supplies the modulation
for the transmitter (unit # 2). Once unit # 1 has received a signal and
relay K202 has closed, unit # 2 will continue to transmit until the message
has been completed and relay K202 of unit # 1 again is opened. The possi-
bility of receiver noise closing the relay K202 in unit # 2 has been elimi-
nated by removing the plate and screen voltages from the i~f amplifier
during transmission. Hence, no irregular control operation is anticipated.
The reverse operation is similar to above. Unit # 2 may receive a signal and
cause unit # 1 to transmit.,

R-F DIVIDER DEVELOFMENT

The r-f divider is incorporated in the equipment to reduce the oscillator
frequency by a factor of five so that the master oscillator frequency range of
55 to 100 Mc becomes 11 to 20 Mc at the divider output. The divider consists
of two stages which are ganged and tuned with the master oscillator. The
tuning condensers are mounted on the same condenser gang with the master oscil-
lator and first doubler stages.

The mixer tube of the divider circuit (V402) is Type 6AS6 and the master
oscillator output is condenser coupled to the supressor grid of the mixer
tube. The plate of the mixer is tuned to a frequency which is one-fifth of
the master oscillator frequency by a circuit composed of inductor L403, tuning
condenser C402B, and capacitive trimmer C406, Output from this tank circuit
is capacitively coupled to the grid of a quadrupler tube V401 which is a
triode, Type 6J4. The plate circuit of the quadrupler is tuned to four times
the input frequency or four-fifths of the master oscillator frequency by in-
ductor L40l1, tuning condenser CLO2A, and capacitive trimmer C403. This plate
tank frequency is fed back to the control grid of V402 through C405. This
input of four-fifths the master oscillator frequency combines with the master
oscillator frequency to produce a difference frequency of one~fifth the
master oscillator frequency. The divider output is obtained by link coupling
to inductor L403. The coils of both mixer and divider plate circuits may be
tuned by iron slugs for tracking and alignment purposes.

R-F DIVIDER, TRANSMITTER, AND RECEIVER ALIGNMENT

R-F Divider

The r~f divider must be properly aligned so that the tuned circuits
track at one-fifth and at four-fifths the master oscillator frequency. Be-
fore the alignment procedure can be started on an equipment, the motor drive
mechanism must be disabled. This is done by disconnecting the clutches
which is done by removing the leads from terminals 4, 7, and 8 of the terminal
strip, located on the r-f deck, and by unsoldering one lead from the motor.
In addition, the EFC lead must be grounded. Before power is applied to the
equipment the motor driven condenser gangs must be returned to the low-fre-
quency end of the band in order to operate the low-frequency limit switch.
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A hand crank may be attached to the main shaft of the motor drive system for
this purpose. Power is then applied and after tube warm-up the shaft is
rotated to set all condenser gangs to the high-frequency end of the tuning
range. Tuning the condenser gangs to the high-frequency end of the band
after energizing the low limit switch will cause the H and T steppers in
the monitor to step to their finish positions. The steppers must be in this
position to cause voltage to be applied to the receiver i-f and to permit
the transmitter dynamotor to be operated by the mic button. A G.R. Type
726A Vacuum Tube Voltmeter is connected to the link output coupling of the
divider mixer stage, and an oscillograph is connected across filter #310
in the monitor unit.

Adjustment of the capacity trimmers C403 and C4LO6 is made for a peak
reading on the voltmeter. The motor drive is then returned to the low-
frequency end of the tuning range and inductive trimmers L4Ol and L403 are
adjusted for maximum voltmeter reading. At this point the divider output
is temporarily shorted to determine if the divider will go into operation
the instant the short is removed. If not, the inductive trimmers must be
readjusted until the divider operates the instant the short is removed.
Next, rotate the motor drive shaft to tune through the entire frequency
range and observe that the voltmeter reading remains in excess of 1.5 volts
and that there is a signal present at all times on the oscillograph pre-
sentation. If the divider output drops out at any frequency in the range,
it is necessary to make slight adjustments of the oscillator tuning to pro-
vide tracking of the oscillator and divider circuits. It might also be
necessary to replace aged first doubler, master oscillator, or divider
tubes to prevent loss of divider output.

Transmitter

Alignment of the transmitter may be made after the frequency divider
and master oscillator circuits are aligned and tracked over the required
range as previously described. The transmitter is first set to the high-
frequency end of the band where the capacitive trimmers of the first doubler
(V406), second doubler (V407), and final amplifier (V408) are adjusted in
that order for maximum power output. The equipment is then cycled to a
low-frequency channel where the inductive trimmers of the second doubler
and final amplifier are tuned for maximum power output. 1t is necessary
to observe the output at several intermediate points in the frequency band
to insure that the tracking is satisfactory. If it is not, and low power
output is observed at some intermediate point in the frequency band, the
inductive and capacitive trimmers must be readjusted until the tracking is
satisfactory.

keceiver Alignment

The antenna input, r-f amplifier grid circuit, and the mixer grid
circuit of the main channel receiver must be aligned for proper operation.
The i-f stages are fixed-tuned and require no adjustments. The only ad-
justment required in each r-f circuit is that of a single trimuer con-
denser. The equipment is set at the high- frequency end of the band. A
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signal generator is fed to the antenna input and tuned to the frequency of
the receiver. The capacitive trimmers of the r-f tank circuits are adjusted
for maximum receiver audio output. The signal generator output must be kept
as low as practicable during the trimming procedure. The signal generator
should be retuned and the trimming adjustments repeated.

Alignment of the r-f unit of the guard channel receiver is similar to
the above method. The trimmers are in different ciraiits but the method of
alignment is the same as above. However, it is necessary to adjust LéOL of
the crystal oscillator tuned circuit until maximum d-c¢ voltage is read at
test point TP601. Then L60L is adjusted to the gentle slope side of the
resonance curve until approximately three-fourths of the maximum d-c¢ volt-
age is observed at the test point. This completes all receiver adjustments.

PCWER SUFFLY

A block diagram of the power supply system is shown in Figure 32. Two
separate dynamotors, located in the head of the equipment case, provide
supply voltages of approximately 225 volts for the receiver and monitor, and
aprroximately 400 volts for the transmitter and modulator. Also located in
the head of the equipment case are the main power relay and the T-R relay
for operating the receiver dynamotor and transmitter dynamotor, respectively.
All leads of the external cables are filtered before entering the bulkhead
plug. A schematic diagram of the circuits in the head unit is shown in
Figure 33. The output of both dynamotors is fed to a rough regulator which
limits the output voltage variations caused by changes in the primary supply.
The 400-volt supply is used directly from the rough regulator, but the 225-
volt source is filtered before use in any circuits. A regulator system
follows the 225-volt filter to produce an accurate regulated 150-volt supply
for the critical circuits of the monitor unit. The voltage remains within
three volts of 150-volts for all changes of primary supply voltage and for
changes in load conditions ceaused by switching from 'receive'" to "trahsmit
voice" or "transmit tone." A potentiometer is provided to adjust the re-

COUGH séﬁgi /50 v/ 150 v /50
CEGULAT:
ULATOR s CEGULRTOR PEGULATOR AU TER
Z;Os d BEGLLATIOM
BEGLLATOR AMPLIFIER
]
200V, SUPPLY 225V FUTECED 150V REGULATED
oQUTRPUT FITERCED ouvTAUT

Figure 32.-Block Diagram of Power Supply and Filters.
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gulated voltage to the desired voltage level during the initial adjustments
of the equipment. The 150 volts is effectively filtered before use in the
monitor circuits.

The rough regulator stage coneists of a triode having a regulated 150
volts applied to the cathode, the 225-volt dynamotor output applied to the
plate through a 6500-ohm, 10-milliampere relay, and a d-c¢ supply on the grid
derived from a voltage divider across the 225-volt dynamotor output. The
position of the grid tap on the voltage divider determines the dynamotor
voltage level at which the triode grid voltage will approach the cathode
bias and cause the triode to conduct. When the primary supply voltazge is
increased, the dynamotor output voltage is increased. A point is reached
where the triode plate current is sufficient to energize the plate circuit
relay. Operation of the relay causes a 220-ohm resistor to be inserted
between the 225-volt dynamotor and the load and an 82-ohm resistor to be
inserted between the transmitter dynamotor and its load. The operation
characteristic is shown in Figure 34. The current drawn from tha receiver
dynsmotor is relatively independent of the receiver dynamotor voltage. The
addition of the low value resistor in series with the receiver load causes
the rough regulator output voltage to parallel approximately the dynamotor
output voltage but at a lower level after the relay has been energized. The
current load of the transmitter dynamotor is dependent upon the dynamotor
voltage and increases with increase of voltage. At the instant the relay
is energized, and the resistor is inserted in series with the transmitter
dynamotor load, the dynamotor voltage is suddenly increased and the rough
regulator output voltage is suddenly decreased. This is caused when the
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decrease in voltage at the transmitter reduces the current drain and less
voltage drop appears across the dynamotor.

The 225-volt filter consists of a wm section, low pass, L-C filter. The
regulation of the filter was found to be such that the large currents drawn
by the type 25L6 audio amplifier caused a ripple on the filter output of a
frequency coinciding with the frequency of modulation. The plate supply of
the amplifier was changed from the output to the input side of the filter and
the filter operation was then satisfactory. The ripple on the input of the
filter had negligible effect on the operation of the audio power amplifier,

The fine regulation of the 150-volt supply was accomplished by the use
of a gas regulator tube in conjunction with a conventional voltage regulator
circuit. The gas regulator provided a sufficiently constant 150-volt source
to stabilize the screen voltage of the regulator amplifier., A 470,000-ohm
plate load of the regulator amplifier develops the control voltage for the
grids of the type 25L6 tubes which are coniected essentially as triodes.

The grid bias of the regulator amplifier is obtained from the regulated 150-
volt output bus through a voltage divider. Any slight change in the re-
gulated 150-volt output will cause a corresponding change in the current of
the regulator amplifier which will then control the grid voltage of the type
25L6 tubes to counteract the initial voltage error (Figure 29).

MONITOR DEVELOPMENT

The monitor is the heart of the AN/ARC-19 (XN-1). It performs two vital
functions. First, the monitor causes the transmitter-receiver to tune to the
channel frequency selected at the control box. Second, after the transmitter
and receiver are set on a channel, it minimizes any tendency of the trans-
mitter and receiver to drift from the selected channel frequency. The moni-
tor performs these two functions through its ability to control the frequency
of the master oscillator. It exercises this control over the master oscilla-
tor by means of a motor-driven, three-speed, gear-reduction system, and a
reactance tube. The first means constitutes a rough ¢ontrol over the master
oscillator and is known as the Mechanical Frequency Control (MFC). The
second means is a fine control over the master oscillator and is called
Electronic Frequency Control (EFC). The system block diagram of Figure 35
indicates the electrical and mechanicul connections between the receiver,
transmitter, monitor, and the control box.

The master oscillator is a self-excited oscillator which tunes from
55 to 100 Mc. This oscillator provides excitation fur the remainder of the
transmitter and also provides a local oscillator injection voltage for the
first mixer of the reciever. All r-f circuits in the receiver, transmitter,
and divider are ganged and tracked on a common shaft and are driven by the
motor gear-reduction system. Therefore, it is obvious that if the master
oscillator is caused to be driven to a selected frequency by the monitor,
all other r-f circuits will also be tuned to the proper frequency. 1t is
in this manner that the monitor, through its ability to control the master
oscillator, causes the transmitter and receiver to drive to the selected
channel frequency. It is apparent that the accuracy with which the trans-
mitter and receiver assume the selected channel frequency is dependent upon
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the accuracy of the master oscillator frequency which in turn is entirely
dependent upon the action of the monitor.

The precise method by which the monitor causes the transmitter and re-
ceiver to drive to the selected channel frequency, and the method thereafter
by which the monitor causes the transmitter and receiver frequency to be
maintained at the selected channel frequency within fixed narrow limits,
will be outlined in the succeeding paragraphs.

The first function the monitor is called upon to perform is that of
causing the motor to drive the transmitter and receiver from one channel
frequency to any one of the 876 that might be selected. This channel change
must be accomplished in a minimum of time and with the least complicated
circuits. The number of quartz crystals employed is especially impcrtant.
Freferably, the number of crystals should be reduced to a minimum and the
crystals in all equipments should be identical so that they are completely
interchangeable from one equipment to another.

The problem the monitor faces in carrying out its first function is to
know where each channel is located within the band of frequencies covered
by the transmitter and receiver. A logical solution would be to place
markers at appropriate points in the band and count markers, beginning at
a fixed starting point at one end of the band, until the selected channel
is reached. A marker could be placed at each channel frequency, but the
numoer of counts required to be registered for the higher channel numbers
would be great. Therefore, a system involving fewer counts is more desir-
able. Since the total number of channels is less than 1,000, a three-digit,
decade counting scheme would be suitable, With this scheme every hundredth
channel is marked and after the proper number of hundreds have been register-
ed, the hundreds-markers are removed and tens-markers are substituted marking
every ten channels. In the same fashion the tens count and the units count
can be registered. At the conclusion of the counting process,'the trans-
mitter and receiver have been driven to the proper channel by the motor
drive, and the monitor is switched to the automatic frequency control (AFC)
position. The monitor is then prepared to perform its second function, that
of continuously monitoring the transmitter-receiver frequency and applying
suitable correction to maintain this frequency within narrow limits.

The adoption of the decade counting system will reduce the maximum
number of counts which must be registered from 876 to 27. This figure can
be reduced to 18 by not counting units, but rather selecting them directly.
Such a method will be described later. This arrangement shortens the
channel selection time to a minimum. An example will illustrate how the
channel counting system operates. First, assume that channel number 100
has been selected. Starting at the low—frequency end of the band, one
hundreds-marker will be counted, no tens-markers will be counted, and the
units digit selected directly. Second, assume that channel number 995 has
been selected. Nine hundreds-markers will be counted, nine tens-markers
will be counted, and the proper units digit will be selected directly. 1t
should be pointed out here that the speed of the motor drive system is
reduced ten to one between the hundreds count and the tens count so that
the two counts will be made at the same rate. A further reduction of 25-
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to-one in shaft rotation speed occurs between the tens count and the AFC
position., This reduction is necessary to reduce the tendency of the motor
to hunt.

The hundreds and tens counting is done with separate l2-positions rotary
step switches., These switches are wired so that at the completion of any
counting operation they always end up at the same position which is called
the finish position. With this arrangement it is, therefore, recessary at
the bezinning of each counting operation to preset each rotary stepping
switch a number of positions equal to 12 minus the number te e re.istered.
The reason for establishing a finish position on each of the two rotary
switches is to make it possible tc do certain necessary switching at the
completion of the hundreds count and also at the end of the tens count. A
third rotary sterping switch is used in the monitor to select the units digit.
This switch, however, is preset directly to the desired position.

The block diagram of Figure 35 shows that the gutput frequency of this
ecuipment extends from 225 to 400 Mc. The master oscillator operates at one-
fourth this frequency or from 55 to 100 Mc. The uiagram indicates an r-f
divider circuit between the master oscillator and the monitor. The master
oscillator drives this divider to produce a frequency of one-fifth the master
oscillator frequency supplying the monitor with a signal varying from 11 to
20 Mc. This reduction in frequency was provided to simplify the monitor de-
sign. 1t is therefore eviaent that the monitor operates on a signal which
is exactly one-twentieth of the equipment output frequency. The channels are
thus spaced 200/20 = 10 k¢ apart at the monitor operating frequency. Ten
channels will occupy 100 kc of the band and 100 channels will occupy 1.0 Mc
of the band.

Channel number 100 corresponds to 220.0 Mc at the output frequency and
to 11.0 Mc at the monitor frequency. Since the channels are spaced 10 kc
apart and channel number 100 corresponds to 11.0 Mc, all of the remaining
channels will fall on integral 10-kc points throughout the band beginning
at 11.0 Mec.

Figure 36 shows a simplified block diagram of the monitor. Only those
circuits necessary for the hundreds count are indicated. The spectrum gen-
erator supplies two sets of markers. The markers in the first set are spaced
exactly 100 channels apart and in the second set the markers are spaced ten
channels apart, that is, 1.0 Mc and 100 k¢ apart, respectively. These mark-
ers begin at 1.0 Mc and 100 ke, respectively, and extend in frequency beyond
five Mc. The spectrum and the signal from the r-f divider are fed to the
first mixer. The output from the first mixer goes to a 15-Mc i~-f amplifier
and then to the second mixer. It is desired that the combination of the r-f
divider output with either the hundreds or tens spectrum produce a 15-Mc
beat frequency signal for every 1l.0-Mc or 100-kc point in the range of 11
to 20 Mc when the divider output signal varies over the 11l to 20 Mc range.
For example, if the r-f divider output is 11 Mc and the hundreds spectrum
is switched on, the first mixer output will contain a series of beat fre-
quency signals which are the sum and difference frequencies of the svec-
trum markers and 11 Mc. They are: li+5=16 Mc, 1144 ®15 Mc, 1143 =14 Mc,
etc. to 11=5 equals 6 Mc. Since the i~f amplifier has a resonant frequency
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of 15 Mc, the only signal to pass through this amplifier will be the 15-Mc
beat frequency; all others will be rejected. Similarly, if the r-f divider
output is 12 Mc, one of the beats will be 12 + 3 }c or 15 Mc and will pass
through the amplifier. Therefore, it is apparent that for every integral
megacycle between 11 and 20 Mc, a beat will be produced in the mixer which
will pass through the 15-Mc i-f amplifier. If the i-f amplifier has a band-
width of 200 kc and the r-f divider output is varied from 10.5 to 20.5 Mc,
the i~f response characteristic will be traced out at every integral mega-
cycle point and the i-f amplifier output will appear as shown on Figure 37.
This figure indicates the frequencies which add or subtract to produce the
15-Mc beat frequency which passes through the 15-Mc i-f amplifier. Every
hundredth channel is therefore marked, and a response will be obtained from
the i-f amplifier for every marker when the master oscillator is driven
from one end of the band to the other.

The output of the i~-f amplifier is coupled to the second mixer where
this output is mixed with a signal from a refereunce oscillator. This nscil-
lator is crystal controlled and operates at a frequency of 15.025 Mc, this
frequency being one of five operating frequencies. The two signals mix to
produce an audio output which varies from & high audio frequency through
zero beat and back to a high audio frequency as Figure 38 indicates. The
envelope of the audio response is identical to that of the i-f amplifier.

The i-f amplifier output has not been converted to an audio frequency and a
response will be obtained for each megacycle point in the band as the divider
frequency sweeps from 10.5 to 20.5 Mc as shown in Figure 39. The audio
signal is next amplified in the audio
stage and then rectified. The recti-
fied d-c voltage is applied to the
grid of a tube which has two relays
in its plate circuit. A set of con-
tacts on one relay actuates the hun-
dreds rotary stepping switch (stepper)
Each closure of the pair of contacts
causes the stepper to progress one p s Py 2ob v AUDIO FREGUENGY
position forward. Thus it is possi- I xe
ble for each audio response to posi-

tion the stepper one position forward
and to register each hundreds-marker Figure 38,-Second Mixer Audio Output

OUTPUT VOLTS,AC

as the divider output frequency sweeps Response Characteristics
2
g
32
[«]
32
LN N DN DN NN
1 12 13 14 17 1) 19 20

OIVIDER OUTPUT

14 IBMC. 16
FREQUENGY IN MC.

Figure 39.-Second Mixer Audio Cutput Response vs [Divider
output Frequency.
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from the low to the high-frequency end of the band . The tube with the relays
in its plate circuit (trigger tube) is biassed so that the rectified audio
signal must rise to about 12 volts before the relays will close. Figure 40
indicates the rectified audio signal that is applied to the grid of the trig-
ger tube. The level at which the relays operate is also shown. Therefore,
the cross-hatched areas are a measure of the length of time that the relays
are energized.

The speed at which the markers are registered is important. This speed
should be as high as possible with reliable counting so that the equipment
channelization time shall be a minimum. The factor which limits the count-
ing speed in this system is the steppers. The l2-position rotary steppers
manufactured by Price Brothers Company have a maximum speed at aoout 20
positions per second when driving a load of two or three wafer switch stacks
and when being energized by a 50-percent duty cycle. A decrease in the duty
cycle of the stepper driving voltage or an increase in wafer load will reduce
the positioning speed of the steppers. Therefore, the percent duty cycle
should be kept as near 50 percent as possible and the wafer load kept small
for maximum positioning speed. Since the steppers are the limiting factor
in counting speed, the monitor must be aesigned around this limiting factor.

The i~-f amplifier bandwidth determines the duty cycle cf the audio
signal which actuates the stepper because the amplifier bandwidth determines
the length of time during which the audio response is present as each hun-
dreds-marker is passed. Ideally, the amplifier bandwidth should be 500 kec.
This bandwidth would result in a 50-percent duty cycle for the audio si.nal
which then would be present for half the time as the r-f diwvider output fre-
quency changed from one megacycle point to the next.

The speed at which the motor drives the master osciliator from the low-
frequency end of the band towards the high—frequency end during the hundreds
count must also be controlled. This speed must not exceed 20 megacycles per
second at the monitor frequency or the steppers will not rollow reliably.
The gear reduction ratio between the motor and fast speed for the hundreds
count can be determined with regard to this limitation. Assume the mctor
speed to be 10,000 rpm and that 180 degrees rotation of the master oscillator
tuning condenser will include the total band of frequencies. Also, aszume
that instead of counting 20 markers per second, only 10 markers per second
be counted to insure reliable counting even under adverse conditions of
temperature and primary voltage. Ten markers will be passed for one-halfl

DG VOLTAGE TO
TRIGGER TUBE GRID

1 1
DIVIDER OUTPUT
' 2 13 14 15 16 FREQUENGY IN MC.

Figure 40.-Gignals at Trigger Tube Grid.
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revolution of the master oscillator condenser gang. Therefore, the gear
ratio is 10,000 _ 333,

60 x ;
This is the reduction in speed which must exist between the motor shaft and
the master oscillator condenser shaft during the hundreds count to insure
reliable counting.

At the completion of the hundreds count, the hundreds stepper has reach-
ed its finish position, and the necessary switching to conduct the tens count
is done by the wafer switch stacks driven by the hundreds stepper. Figure 41
is a simplified block diagram of the monitor which shows the circuits neces-
sary for the tens count as well as those used for the hundreds count. Before
the tens count is begun the exact frequency in the band to begin this count
must be determined. Since the audio signal generated by the hundreds count-
ing process cannot give this information, some other means of determining
this point in the band must be added to the system. A discriminator will
fill this need. The crossover frequency selected was 25 kc, This low cross-
over frequency was chosen because a low discriminator frequency results in a
small frequency drift in cycles per second for temperature variations. There
also is another reason which will become apparent in the following paragraphs.
The block diagram shows that a 50-kc¢ low-pass filter, an audio amplifier, a
100-kc low-pass filter, and a discriminator have been added for the tens
counting process. The discriminator is conventional except for a modifi-~
cation which causes it to develop a voltage far beyond crossover in either
direction as shown in Figure 42. This result is obtained by rotating the
axis of a normal discriminator curve as shown in Figure 43.

The transition from the hundreds count to the tens count cannot take
place simultaneously with arrival at that point in the frequency band. Some
anticipation of that event must occur such as slowing the rotational speed
of the condenser shaft. Certain switching is also performed previous to the
transition. The preparation for the transition occurs at the time the next
to the last hundreds-marker is counted. The switching is done by the wafers
driven by the hundreds stepper and takes place when the stepper is stepped
to the position once removed from the finish position (Figure 41). Switches
SWl, SW2, and SW3 are shown connected for the hundreds count. Switch SW3
is switched after the next to the last hundreds count in preparation for the
tens count. The master oscillator condenser shaft rotation speed is reduced
by a factor of 10 at the same time. This change in speed is brought about
by a relay-operated clutch which changes the motor drive gear ratio. The
audio signal from the hundreds count is now fed to the discriminator through
the 100~kc low-pass filter. Figure 44 shows the hundreds count signals
appearing at the trigger tube grid for a channel between channel number 300
and channel number 400, Since the channels are numbered from channel number
100 must coincide with 11.0 Mc. Also, since the channels are spaced 10 kc
at the monitoring frequency, one hundred channels will occupy 1.0 Mc of the
band and channel number 200 will therefore coincide with 12 Mc, etc. It is
apparent from Figure 44 that for a channel number between 300 and 400, three
hundreds-counts will have to be registered, the last hundreds-count being
at 13.0 Mc. The d-c signal at the grid of the trigger tube for the first
two hundreds-counts will be a rectified audio signal, and, at the
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DISCRIMINATOR OUTPUT

EQUIPMENT DEVELOPMENT W1
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Figure 42,-Modified Discrimina- Figure 43.-Criginal Discriminator

tor Characteristics. Characteristics.

finish of the next-to-the-last count, the grid will be switched to the dis-
criminator output. The waveform shown for the last hundreds-count is the
discriminator curve traced out twice. The curve is traced out twice be-
cause the audio beat note begins at a high audio frequency, 500 kc, passes
through zero beat, and again increases in frequency. The bias voltage on
the trigger tube is indicated on the diagram. The counting relay does not
operate until the signal at the grid exceeds the bias voltage. The counting
relay will close at points a, b, and ¢ on the three counting impulses. The
relay, however, is connected so that it de-energizes the stepper when a
signal is present. The stepper is energized at the beginning of the counting
and is de-energized only in the presence of a signal. Uf course, at the com-
pletion of the counting process the stepper is agaln de-energized. This is
done because the stepper positions the wafer stack only when power is re-
moved. This fact is especially important at point ¢ because sufficient time
must be given the stepper to release and move the rotors of the hundreds
wafers to the finish position so that the tens counting can begin at point
d which is 13 Mc. The condenser shaft speed is reduced to medium speed at
point b, but the tuning speed in kilocycles per second is still great enough
so that the spacing between ¢ and d must be an appreciable amount. The high
frequency audio response is cut off at 100 k¢ by the filter preceeding the
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(CHANNEL 300)
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Figure 44.-Hundreds Count Signals vs Divider Frequency.
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Figure 45.-Signals at Trigger Tube Grid for Hundreds ana Tens Count.

discriminator. The filter therefore fixes the space between point ¢ and
zero beat at 100 kc and the distance between ¢ and crossover at point d as
75 kc. The audio signal could have been fed through the 50-kc filter to the
discriminator. The distance between ¢ and d would then have been 25 kc.
This was tried but resulted in miscounting because the hundreds stepper did
not have sufficient time to step the last count to the finish position. The
miscounting was particularly bdd when even hundreds channels were selected
such as channel number 300. When such & channel is selected, no tens are
counted, and the monitor is switched directly to AFC when the hundreds
stepper reaches the finish position. Therefore, if the hundreds stepper is
not given sufficient time to operate, point e will be reached before the
hundreds stepper moves and a miscount will occur.

When the hundreds stepper arrives at the finish position, SW1l and SW2
of Figure 41 are switched, This operation substitutes the tens-markers for
the hundreds-markers and feeds the audio output of the second mixer through
the 50-kc filter and then through the tens audio amplifier to the discrimi-
nator. Figure 45 illustrates the signals present at the grid of the trigger
tube during the hundreds count and also during the tens count. The transi-
tion from the hundreds waveform of Figure 45(a) to the tens waveform of
Figure 45(b) takes place shortly after passing point ¢. Therefore, since
the tens waveform replaces the hundreds waveform, the points ¢ ¢, d, and ¢ also
may be transferred. Several audio frequencies will be present in the second
mixer output due to the fact that the i-f amplifier has a bandwidth greater
than 100 kc. The tens-markers are spaced 100 kc apart; therefore the beat
frequencies from two or more markers will pass through. The 50-kc filter
was placed at the input of the tens audio amplifier to reject all but the
primary audio beat frequency. This beat frequency will vary from 50 kc
through zero beat back to 50 kc, and this cycle will repeat for each tens-
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marker. The cycle actually begins at 25 k¢, because when the divider output
frequency and a marker frequency beat to produce an i~f signal of exactly 15
Mc, the audio output frequency will be equal to 25 kc and the discriminator
will be at its crossover voltage or zero voltage. This condition, of course,
was desired and was obtained by making the reference frequency 15.025 Mc.,
The complete cycle will be as follows: 25 kc - O ke - 25 ke - 50 ke - 25 kc.
Point d on Figure 45(b) is the starting frequency for the first tens count.
The audio frequency is 25 k¢ and corresponds to the divider output frequency
of 13.000 Mc and channel number 300. Cne complete tens-count cycle will end
at point f. This channel will thus be number 310 and will correspond to a
divider output frequency of 13,100 Mc. The tens stepper is energized at the
start of the tens count.

When the trigger-tube grid is driven positive in voltage the tens stepper
is de~energized and the tens wafers positioned one step forward. The shaded
area of each tens cycle indicates the time during which the tens stepper is
energized, Point e is the frequency at which the tens wafer is moved one
step forward. For example, if channel 340 were selected, four tens-cycles
would have to be counted. The first tens count would be registered at point
e and the fourth count at point g. The fourth count will bring the tens step-
per to its finish position where appropriate circuits are switched to permit
the monitor to automatically control the frequency of the master oscillator
by means of a reactance tube and motor drive mechanism. The switch SW4 of
Figure 41 connects the discriminator output to the reactance tube controlling
the master oscillator and to the trigger tube. The motor leads are also
switched to the two relays in the trigger tube plate circuit. One relay
closes at 5.0 ma of current and the other closes at 6.0 ma. The trigger tube
and relays are shown in the circuit diagram of Figure 46. The cathode bias
of the tube type 6AK5 is adjusted so that at zero grid voltage the tube will
draw about 5.5 ma of plate current causing the 5-ma relay to close and leaving
the 6-ma relay open. From inspection of the motor circuit of the diagram it
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Figure 46.-Trigger Tube Circuit



Ll THE AN/ARC-19 (XN-1)

is evident that if both relays close, the motor will drive forward, and if
both relays open, the motor will drive in the reverse direction. However, if
one relay remains open while the other remains closed, the motor will not be

energized. The polarity of the discriminator cutput voltage thus governs the
direction of motor rotation.

At the moment that the tens stepper reaches its finish position and
switches the monitor functioning from channelization to AFC, the divider out~
put frequency will be somewhere between point g and point h. The discrimina-
tor output voltage will be positive and will cause the motor and reactance
tube to change the divider output irequency to point h or 13.400 Mc. If the
divider output frequency should over-shoot peint h and approach point m, the
discriminator will produce a negative output voltage which will cause the
motor and reactance tube to reverse and again return the divider output fre-
quency to point h. The same action will occur if the master oscillator
should drift off frequency. The reactance tube will return the master oscil-
lator for small drifts in frequency. I1f the drift should be large the motor
will aid in the correction. The monitor has been so designed that the
automatic frequency control is stable at point h where the slope of the dis-
criminator characteristic curve is negative. In other words, the master os-
cillator will be driven towards point h no matter where its frequency may lie
if this frequency is anywhere between g and m. On the other hand, one-half
cycle away at point m where the slope of the discriminator characteristic
curve is positive the AFC control is unstable. The divider output freguency
will always be driven away from this point, the direction depending on whether
the frequency was above or below the point.

The process by which the monitor tuned the transmitter and receiver to
any tens channel has been described. The process began with the motor drive
returning the master oscillator to the low frequency end of the band where it
reversed direction and drove the master oscillator up in frequency again.

The counting procedure took place between the low frequency end of the band
and the channel selected. However, the counting procedure allows only every
ten channels to be selected. The process by which the units channels are
selected will be described in the following paragraphs.

With the example previously cited where it was shown how channel number

340 was obtained, assume channel number 341 has been selected. Since channel
number 341 is now desired, some means must be found to move the divider out-
put frequency 10 kc higher. The units are not counted as were the tens and
hundreds. This shift in divider cutput frequency can be accomgplished by a
change in the reference oscillator frequency. If the reference oscillator
frequency is shifted, the divider output frequency must shift a like amount
because the AFC circuits and discriminator demand that the audio beat fre-
quency always be 25 kc. I1f the audio signal is not 25 ke, the automatic fre-
quency is 25 kc. Figure 47(a) shows the fourth tens-count cycle of Figure
L5(b) enlarged several times. Point h corresponds to channel number 340 in
both figures. Chennel number 340 was obtained with a reference frequency

of 15,025 Mc. 1f this frequency is made 15,035 Mc, the divider output fre-
quency will also have to shift 10 kc so that it will then be 13.410 Mc. which
is channel number 341 and point j on Figure 47(a). The remaining units chan-
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nels from channel numbers 341 through 349 can be obtainea in a like manner

by increasing the reference frequency in steps of 10 kc. The reference fre-
quency oscillator is crystal controlled and the 10-kc steps in frequency are
obtained by switching in new crystals. It can be seen that ten separate
crystals will be needed for the ten 10-kc steps in frequency. This is an ex-
cessive number of crystals and the number can be reduced to five by an addi-
tional circuit. Five crystals ranging in frequency in 1lO-kc steps from 15.025
Mc through 15.065 Mc will allow channel numbers 340 through 344 to be selected.
Now, should the discriminator output voltage be reversed in polarity as

shown on Figure 47(b), the stable point will no longer be point h but will
become point m due to the fact that the slope of the discriminator character-
istic curve through these two points has changed in sign. This means that the
stable point has been moved 50 kc up in frequency or five units to channel
number 345 for a reference frequency of 15,025 Mc. If the same crystal ref-
erence frequencies are again used channel numbers 345 through 349 can be
obtained.

In order to make the channelization process clearer, two examples will
be given. If channel number 341 is selected, the units stepper will immedi-
ately be positioned so that it connects reference crystal number two, which
is a 15.035-Mc crystal, to the reference oscillator and so that it also
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switches the discriminator output to have a positive polarity. The tens
stepper will be preset so as to have only four more steps to go to reach the
finish position. The hundreds stepper will be preset so as to have only
three steps left to the finish position., After the three steppers have been
preset channelization takes piace. The master oscillator is driven from the
low-frequency end of the band to the selected channel. First, the hundreds
markers are counted at high speed, second, the tens markers are counted at
medium speed, one-tenth high speed, and then at the completion of the tens
count the master oscillator arrives within 50 kc of the selected channel and
the monitor is switched to AFC. The master oscillator condenser shaft rota-
tion speed for AFC is reduced in speed by a factor of 25 from medium speed.
If channel number 346 is selected, the same channelization process occurs.
The only difference is that this time the units stepper reverses the dis-
eriminator polarity. It still selects the same crystal frequency.

The method by which the equipment is switched from transmit to receive
will be described in the following paragraphs. The master oscillator is used
for two purposes as previously mentioned. First, during periods of trans-
mission, it is used to excite the remaining stages of the iransmitter. GSec-
ond , during periods of reception with the three final stages of the trans-
mitter disabled, it is used to provide a local oscillator signal for the
first mixer of the main channel receiver. When the master oscillator is used
as the receiver local oscillator, it must be shifted in frequency by an
amount equal to one-fourth the receiver i-f resonant frequency. The receiver
i-f center frequency is equal to 143.3 kc; however, the master oscillator is
shifted approximately one-fourth this amount or 35 kc because it operates at
one~fourth the equipment operating frequency. No multiplier stages are placed
between the master oscillator and the receiver first mixer in order to sim~
plify the r-f circuit design. The first mixer, therefore, was designed to
operate on the master oscillator fundamental frequency. It is evident that
this has simplified the design of the local oscillator circuits. Since the
i-f center frequency is approximately 140 ke, the master oscillator needs to
be shifted only 35 k¢. This amount of change is readily obtained by means
of the reactance tube and monitor circuits . In the previous discussion it
was pointed out that the master oscillator frequency is directly dependent
upon the spectrum harmonic used, the absolute reference frequency, and the
discriminator crossover frequency. If any one of these three changes in
frequency, the master oscillator will be forced to change exactly the same
amount. Two of these parameters were in fact changed to select the tens and
units channels. Therefore, the master oscillator may be shifted the 35 kc
for receive purposes in the same manner. Only, in this case, it will be
more convenient to switch the crossover frequency of the discriminator. Be-
cause of the five-to-one r-f divider between the monitor and master oscillator,
the crosscver frequercy will have to be moved only 7 kc higher in frequency
to cause the master oscillator to shift 35 kc. The process of switching
from transmit to receive is simple. All that is needed in the monitor is
one relay to switch out fixed capacitors at the discriminator to change its
resonant frequency. The monitor causes the master oscillator to shift fre-
quency by means of the reactance tube; therefore, this shift occurs instantly.
The transition from transmit to receive involves other switching as well as
that in the monitor, such as de-energizing the transmitter dynamotor, antenna
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change over, and applying B plus to the receiver i-f stages. The frequency
stability of the receiver will be practically identical to the stability of
the transmitter since both are excited by the same master oscillator. How-
ever, the receiver i-f instability will also detract from the overall re-
ceiver frequency stability. The i-f instability for all causes will amount
to about 300 cycles at the signal frequency. This is a very small part of
the total frequency deviation allowed the receiver and for all practical
purposes can be lumped with the instability caused by the master oscillator.
The maximum permissible frequency deviation of either the receiver or the
transmitter anywhere between 225 and 40O Mc is plus or minus 13 kec.

The relationship existing between the various frequencies present in the
monitor can be better visualized by referring to Figure 48. This figure was
constructed for thé example in which channel number 340 was selected. The
divider output frequency, which is the master oscillator frequency aivided by
five, will be 13.4L00 Mc for channel number 340. This signal mixes with the
1.600-Mc marker of the tens spectrum to prouuce a 15.000-Mc signal which pass-
es through the i-f amplifier. The 15.000-Mc signal is in turn bedat with the
15.025-Mc reference frequency to give the 25-kc audio beat frequency to drive
the discriminator. 1In Figure 48 the tens spectrum with markers or beats
spaced 100 kc apart is shown as a line extending between A and B. The spectrum
begins at zerc frequency at B and extends up in frequency to five Mc at A. The
spectrum, of course, extends to the right of B as well as to the left. Point
C represents the master osciliator frequency. It may lie anywhere between
11.0 and 20.0 Mc. In this example, it is assumed to be 13.400 Mc. Point
B represents the 15.000-Mc resonant frequency of the i-f amplifier. The
point D represents the reference frequency and the distance E the discrimi-
nator 25-kc crossover frequency. The diagram shows that the discriminator
frequency and the spectrum serve as a tie between the reference and master
oscillator frequencies. The master oscillator is free to move in frequency
and its movements are governed by the monitor. Therefore, it may ve called
a disciplined oscillator. The reference frequency is fixed and it, there-
fore, serves as an anchor for the whole system of frequencies. The frequency
of the master oscillator thus depends on how much of the spectrum is used,
the absolute discriminator frequency, and the absolute reference frequency.
The diagram makes it clear how the master oscillator frequency may be moved
one channel or ten channels. Moving the reference frequency by 10 ke will
cause the master oscillator to go one channel higher or lower and setting the
master oscillator on one less spectrum marker will cause the master oscilla-
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nel Number 345.
tor to change 10 channels. Figure 49 illustrates the 50-kc shift in master
oscillator frequency when the discriminator polarity to reversed.

Figure 48 also illustrates the factors which will determine the fre-
quency stability of the master oscillator when the monitor is in the AFC
position. Since the master oscillator is tied to the reference frequency by
the spectrum and discriminator, the master oscillator stability will be a
function of the stabilities of all three. Therefore, particular attention
must be given to the design of these three circuits to insure an acceptable
overall equipment frequency stability. The design precautions taken to in=~
sure acceptable stability of these three circuits will be pointed out when
the monitor schematic is discussed.

The maximum frequency deviation permitted for either the transmitter or
the receiver at its output frequency has been calculated and found to equal
plus or minus 13 kc. This figure has been broken down and allocated to the
three frequency stubility determining parameters of the equipment. The
maximum deviation at the monitor frequency will be plus or minus 13 kc divided
by 20, which is equal to plus or minus 650 cycles. It has been assumed pos-
sible to hold the two crystal oscillators within plus or minus 0.001 percent
in frequency. Therefore, since the highest spectrum frequency used is 5.0 Mc,
the spectrum stabilizing crystal oscillator has been allowed a maximum error
of plus or minus 50 cycles at 5.0 Mc. Likewise, since the reference crystal
oscillator operates at 15.0 Mc, it has been allowed a total frequency error
of plus or minus 150 cycles. This leaves a total of plus or minus 450 cycles
out of the original plus or minus 650 cycles. This remainder is allocated to
the discriminator and neutral position of the AFC controls. These allocations
of maximum permissible freguency error include frequency errors due to all
causes,

DESCRIPTION OF MONITOR CIRCUITS

The following paragraphs will describe the monitor circuits and the con-
siderations that entered into their development. Figure 35 is a complete
equipment block diagram which indicates the monitor's position with relation
to the other components of the system. Figure 50 is a system schematic which
shows all circuits of the equipment and their electrical interconnections.

¥Figures 50 and 168 are enclosed in back cover of report.
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The block diagram of Figure 51 indicates each component of the monitor and
the schematic diagram of Figure 52 shows the electronic circuitry of these
components.

The circuits of tubes V301 through V306 comprise the spectrum genera-
tor. The generator can supply markers spaced either 1.0 Mc apart or 100 kc
apart extending in frequency to beyond 5 Mc. Switch S301 on the hundreds
stepper determines which set of markers appears at the first mixer tube. A
blocked-grid oscillator is used to generate both sets of markers. This
oscillator consists of tube V305, transformer T30l, and a means of synchro-
nizing the oscillator at a repetition rate of either 1.0 Mc or 100 kc. Trans-
former T301 is critically damped. The coupling coeffieient, turns ratio,
distributed capacity, and inductance of the transformer were so selected
that the oscillator output pulse had a width of 0.15 us at its base when a
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plate voltage of 150 volts was applied. Under these conditions the amplitude
of the positive output pulse of the oscillator is about 45 volts.

The repetition rate of the blocked-grid oscillator must be either 1.0
Mc or 100 ke. Since the precision of the spacing of the markers is a con-
tributing factor in the overall equipment frequency stability, it is impor-
tant that the two repetition rates, especially the 100-kc repetition rate,
be held within predetermined limits. This limit, as mentioned previously,
has been set as plus or minus 0.001 percent of the operating frequency.
Since the blocked-grid oscillator is synchronized with an external signal,
the stability of the oscillator's repetition rate will be equal to the fre-
quency stability of the synchronizing signal. A logical source of a syn-
chronizing signal, stable to better than plus or minus 0.00l percent in fre-
quency, is a crystal-controlled oscillator. The frequency of the crystal
oscillator could be either 100 kc or 1.0 Mc; however, either choice of fre-
quency would necessitate a multiplication of ten or a division of ten to
supply synchronizing signals at both repetition rates, Circuits that permit
a multiplication or division by ten are not wholly satisfactory at these
frequencies, Therefore, to improve reliability it is desirable that the
multiplication and division factor be less than ten. A crystal oscillator
frequency of 500 kc was selected as the best compromise., Crystal oscillators
500 ke and higher in frequency almost always oscillate readily with the
application of supply voltages. This is not always true with oscillators
lower in frequency. This fact is important because the crystal oscillators
must always commence operating immediately without fail when the equipment
is turned on,

The oscillator, including tube V301, is arranged so that the crystal
operates at its series resonant frequency. The crystal is silverplated and
wire mounted in a type HC-6 can. The crystal is a type CT cut with the nose
of its temperature characteristic curve centered at 70° C. The erystal with
holder is enclosed in a small oven which maintains the crystal temperature
at 70°%5° C under Service Conditions. The small single-unit oven is shown
in Figure 53 together with the larger five-unit oven for the five reference
crystals. Figure 54 shows a disassembled view of the small oven, Both the
single-unit oven and the five-unit oven were obtained under developmental
contract from Sommerset Laboratories, When this project was started, no
small crystal ovens with suitable characteristics were available, so a
contract was let to develop ovens for this equipment.

Variable capacitor (312 allows the crystal oscillator frequency to be
adjusted to exactly 500 kc. This adjustment is necessary to overcome the
small differences in the natural resonant frequencies of the crystals as
they come from the manufacturer and also the variations in oscillator cir-
cuit characteristics from one equipment to the next.

The selection of 500 ke¢ as the crystal oscillator frequency requires
that a division of five be made in frequency to synchronize the blocking
oscillator at the 100-kc repetition frequency and a multiplication of two
in frequency to synchronize the same blocking oscillator at 1.0-Mc repetition
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Figure 53.-Crystal Ovens

frequency. The circuits providing the two synchronizing signals are fairly
simple as a result of the reduced multiplication and division factors,

Tube V302 is a combined amplifier and doubler stage. It also serves

as a stage of isolation between the load and the crystal oscillator. Com=-
ponents 1303 and C322, in the plate circuit of the amplifier, are resonant
at 500 ke. Components 1302 and C319, located in the screen of the amplifier,
are resonant at 1.0 Mc, This circuit is the source of the 1.0-Mc synchro-
nizing signal used at the blocking oscillator. The capacitor C321l couples
the signal from the 1.0-Mc resonant tank circuit to the grid winding of the
blocking oscillator through switch S301,

Stray capacitance to ground plus C321 and resistance R31), determine the
natural repetition rate of the blocking oscillator. This repetition rate is
set somewhat lower than 1.0 Mc so that the blocking oscillator may be syn-
chronized at 1.0 Mc. The 500-kc signal at the plate of V302 is coupled to
cathode follower V303 which drives the five~to-one divider tube V304. The
divider has a relatively low input impedance. To insure reliable operation

Figure 54.-Model 1 Crystal Oven - Disassembled.
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of the divider it was necessary to match the high output impedance of V302
to the low input impedance of the divider with the cathode follower.

The divider circuit is conventional. Capacitor C326 and resistor R316
connected in parallel determine the natural repetition rate of the blocking
oscillator when switch S301 connkcts the divider with the blocking osciliator.
Cne end of C326 and R316 is tied to the high side of (325 and the other end
is connected through S301 to the grid winding of the blocking oscillator
transformer. The natural repetitionrate is approximately 60 kc. When the
blocking oscillator has fired, C326 will be charged negatively and the
positive charge on C325 will be completely removed. However, the double
diode prevents C325 from being charged negatively, During the quiescent
period between pulses a positive charge is built up in progressive steps in
C325. Each cycle of the input signal applied to the double diode, V304, adds
to the positive charge on C325. The blocking oscillator will be triggered
when the algebraic sum of the positive voltage in C325 and the negative
voltage in C326 is sufficiently positive to cause V305 to conduct current.
The ratio of capacity between C324 and (325 determines the number of cycles
required to build up a sufficiently positive charge in C325. Hence, a very
convenient control of the division ratio can be had if capacitor C324 is
made variable. This capacitor is adjusted so that five cycles of the 500-kc
input signal are required to trigger the blocking oscillator. Thus the
repetition rate will be one-fifth 500 kc or 100 kc.

A positive 45-volt pulse 0.15 mus wide at the base is coupled from the
blocking oscillator to the clipper-cathode follower tube V306, This tube
is cathode biased so that a positive voltage in excess of LO volts is re-
quired to cause the tube to draw plate current. Since the input pulse is
essentially triangular in shape, the output of this stage will consist of
a pulse considerably narrower than 0.15 pus with an amplitude of only a few
volts. It is desirable that the 100-kc¢ spectrum be as uniform in voltage
amplitude as possible throughout the utilized range of 100 kc to 5.0 Mc.
This range includes harmonics up to the 51lst harmonic.

The amplitude of the harmonics in the spectrum decreases with increas-
ing order of harmonic until this amplitude is reduced to zero at the end
of the first loop. 1t is obvious that if the first 50 harmonics are to be
reasonably uniform in amplitude they must constitute a small portion of the
total number of harmonics enclosed in the first loop of the spectrum. The
number of harmonics enclosed in the first loop is a function of the pulse
width. The base width of the pulse output of the clipper-cathode follower
is equal to approximately 0.03 us. Thus the first loop will extend

1 - 1 = 33.3 Mc or to the 333 harmonic,
pulse width in us 0.03

The pulses are capacitively coupled from the clipper-cathode follower
to a low-pass filter, 3 306, with a cutoff frequency of 5.0 Mc. The char-
acteristic impedance of the filter is 1000 ohms which necessitated the use
of a cathode follower as a driver stage. The characteristic impedance was
made as large as possible while maintaining practical values for the filter



54 THE AN/ARC-19 (XN-1)

components. The filter consists of two m-derived half sections connected to
the ends of a prototype filter section. Capacitors C334 and C333 are variable
capacitors which allow the cutoff frequency of the filter to be accurately
adjusted after the filter is connected in the circuit. The two capacitive
trimmers were necessary since it was very difficult to estimate or measure
accurately the various stray filter capacitances and also because the filter
condenser values were only a few times greater in value than the stray capac-
itances. 1n any quantity production of this monitor the final capacity of

the t rimmers could, of course, be measured and fixed capacitors substituted.
The output of the filter is loaded with a 1000-ohm resistance to eliminate
reflections, The filter characteristic is shown in Figure 55.

There are two reasons for using this filter. It minimizes a spurious
response in the hundreds-count signals and one in the t ens-count signals either
of which, if not suppressed, could cause tie monitor to miscount and conse-
quently tune the equipment to the wrong channel. The two spurious responses
are due to spectrum harmonics above 5.0 Mc, Since the monitor utilizes spec-
trum harmonics only as high as 5.0 Mc, the filter was, therefore, designed to
cut off sharply at this frequency. The spurious response occurring during the
hundreds-count was due to the second harmonic of the divider output frequency
mixing with spectrum harmonics above 5.0 Mc. For example, if the divider
frequency is 10.5 Mc its second harmonic will be 21.0 Mc. This signal mixeaq
with the 6,0-Mc spectrum harmonic will result in a beat frequency of 15.0 ke
which would, if not filtered, pass through the i-f amplifier producing an out-
put identical to a normal hundreds-count response except for amplitude, The
same phenomenon would likewise take place at 11l.5 Mc, 12.5 Mc, and 13.5 Mc
until at 1l4.5 Mc the spurious response has disappeared. The cause of the
disappearance of the spurious response is apparent when it is remembered that
the higher order spectrum harmonics diminish rapidly in amplitude. These
spurious responses would cause the hundreds-counts to be registered every
half megacycle instead of every full megacycle in the lower half of the band;
however, the filter completely removes these spurious responscs and the hun-
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Figure 56.-Miodel 2 Crystal Oven, Disassembled

dreds counting is normal. The spurious response occurring during the tens
count was due to the 15.0-Mc harmonic feeding through to the second mixer
where it mixed with the reference frequency. An audio beat frequency would
be produced which would cause an unvarying d-c voltage output from the dis-
criminator. This was true if the spectrum and reference crystul oscillators
were not exactly on the design frequency. The crystal oscillators are not
necessarily on the exact design frequency since each may drift plus or minus
0,001 percent in frequency. The unvarying d-c voltage could cause premature
counting and thus miscounting. Here again, filter 3306 attenuates the 15,0-Mc
spectrum harmonic to such an extent that the spurious response is eliminated.

The output of filter %306 is directly coupled to the control grid of the
first mixer, V307. The level of the spectrum at this point is about 50 mv.
The divider output frequency from the master oscillator is fed to the sup-
pressor grid of the first mixer. The level of the signal is maintained at
one volt rms over the band by the network of R366 and C335. The amplitude
of this signal may change plus or minus 0.5 volt without undesirable effects.
Components L307 and C337 in the plate circuit of V307 are resonmant at 15.0 Mc.
The first mixer is capacitively coupled to the 15-Mc i~-f amplifier, V308,
and this amplifier is likewise coupled to the second mixer, V309. The gain
of the i-f amplifier was purposely reduced to prevent over-driving the
second mixer. It was not possible to eliminate the i-f stage because the
total monitor gain requirements were such as to make it desirable to obtain
a portion of the gain at the i-f frequency.

The i-f signal is coupled to the control grid of the secord mixer and
the reference frequency is fed to the suppressor grid. The reference fre-
quency is developed in tube V310, which is a double triode. Cne triode is
a crystal oscillator and the other a frequency doubler. The drystal oscil-
lator is conventional. Components L310 and C308 in the plate circuit of
the oscillator triode resonate at 7.5125 Mc. There are five crystals, any
one of which may be connected to the grid by S312 on the units stepper. The
crystals vary in frequency in 5-kc steps from 7.5125 to 7.5325 Mc. The
crystals are silver plated and wire mounted in modified HC-6 cans. The
five crystals are plugged into a small five-unit oven shown in Figure 53.
Figure 56 shows the internal construction of this oven. The oven maintains
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the crystal temperature at 70° 4+ 5° C. under Service Conditions. The crystals
are a tyge CT cut with the plateau of their temperature characteristic center-
ed on 70 C. No precautions have been taken to temperature stabilize the fre-
quency of this oscillator other than to oven control the temperature of the
crystals. Separate trimmer capacitances in parallel with each crystal have
been provided to allow each crystal, when connected to the oscillator, to be
adjusted precisely to the design frequency. The reasons for the trimmers are
the same as those set forth for the spectrum crystal oscillator. Components
L309 and C307 in the plate of the doubler triode resonate at 15 Mc, which is
twice the oscillator frequency. Both the oscillator and doubler tank circuits
are sufficiently broad-banded that little loss in signal amplitude occurs from
one crystal frequency to another. Tube V309 is cathode biased two volts pos-
itive. The d-c¢ circuits of the control and suppressor grids are returned to
ground. The signal level at the control grid normally is not large enocugh to
cause a d-c¢ back bias to develop. The signal level at this point is about 0.5
rms volts. This condition holds true for all divider output frequencies from
11 to 20 Mc. with the exception of 15 Mc. It is obvious that when the divider
output frequency at the first mixer is 15 Mc, this signal will pass directly
through the 15-Mc i-f amplifier, impressing a signal of approximately 5 volts
rms on the grid of the second mixer. As a result, a back bias is developed

on this grid which reduces the gain of the mixer for small signals, reducing
the amplitude of the desired beat frequency.

This phenomenon is not serious enough to cause monitor miscounting under
Service Conditions on the test bench. The cause of the difficulty, of course
is due to the fact that the i-f frequency lies within the range of 11 to 20
Mc. The i-f frequency could have been placed outside the band, but a spec-
trum of markers extending to 10 Mc would then have been necessary and very
difficult to obtain. The selection of the i-f frequency was thus a compro-
mise, There are several ways to minimize the back bias. OUne means is to
reduce i-f gain., This was done and carried Lo a practical limit. The use of
an AVC voltage is not a solution. The application of an AVC voltage to the
i-f amplifier on first mixer will merely aggravate the condition because, in
effect, the back bias on the control grid of the second mixer is an aVC volt-
age. Another solution to the difficulty would be to insert attenuation to
15 Mc between the r-f divider and the first mixer. The attenuation character-
istic should be similar to that of the i-f band-pass characteristic. With
this arrangement the 15-Mc signal would be attenuated by the same amount as
it was amplified in the i-f and an essentially constant voltage of 0.5 volt
rms would be fed to the second mixer for all divider frequencies from 11 to
20 Me. The attenuation was not inserted because the harmful effects of the
back bias were not serious enough to cause miscount of the monitor on the

test bench.

The audio output of the second mixer is fed to 3309 and to one~half of
tube V31l. Capacitor C348 by-passes the i-f component of the output. Filter
2309 is a low-pass, m—derived, three-section filter with a cutoff freguency
of 50 ke, Figure 57 illustrates the filter characteristic curve. The filter
was designed to have a characteristic impedance of 27,000 ohms. Fiiter 3309
is directly coupled to the grid of the second triode section of V311l. This
section is the tens-count audio amplifier and the first section is the hun-
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dreds~count audio amplifier. Either

amplifier may be cut off by switch S306 °
on the hundreds stepper by the removal ‘*\‘\\

of plus 26.5 volts d-c from the appro-
The audio output of the hundreds ! K'l{

priate grid return. The cathode of the N WeLD
tube is tied directly to the plus 26.5~ CONSTANT AT 5
volt d-c¢ primary power supply. There- 4*

fore, if the 26.5 volts is removed from
the grid return, that amplifier will be
biased well beyond cutoff.

OUTPUT RMS VOLTS

amplifier is coupled to one-half of
the double diode V312. The regtified o - —
d-c voltage from this diode is run to FREQUENGY - K.

switch S303 on the hundreds stepper.

A typical hundreds-count response Figure 57.-50-ke¢ Filter Response
appearing at the rectifier is shown on

Figure 58, The response curve is identical to the i-f band-pass character-
istic. The irregularities of the curve are due to 3309 changing input im-
pedance with frequency. They cause no harm since they are well above the
trigger tube operating voltage. Figure 59 shows the d-c voltage amplitude
of each hundreds response in the band from 9 to 21 Mc. The 9-Mc and the 21~
Mc responses have been attenuated by the spectrum filter &306.

The audio output of the tens amplifier is coupled to #310. The hundreds
amplifier is likewise coupled to this filter because the discriminator must
be driven by the hundreds amplifier during the last hundreds count and by
the tens amplifier during the tens count and during aFC conditions. Filter
2310 is a low-pass, two-section, m-derived filter with a characteristic as
shown in Figure 60. It has a characteristic impedance of 27,000 ohms. The
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Figure 58,-Typical Hundreds Count Response
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Figure 59.-Amplitude of Hundreds Figure 60,-100-kc
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filter output is directly coupled to the discriminator grid, tube V314,
through resistor R351. The cathode of the second half of the double diode
V312 is connected to the grid of V31l4. The cathode of the diode and the grid
of V314 combine to clip or square the top and bottom of the input audio sine
wave. The positive and negative points at which squaring occurs are deter-
mined by the cathode bias on V3l4. Resistors R359 and R360 fix this bias at
plus four volts. Consequently, the audio voltage at the grid of V314 rises

to 3.0 volts rms and thereafter remains constant for increasing audio output
from 2310. The reason for sharply limiting the audio input to V314 is to
prevent changes in the discriminator crossover frequency. Appreciable amounts
of crossover shift in frequency were noted without limiting. With the limit-
ing provided, the shift in crossover frequency has been reduced to less than
25 cycles for a variation of audio input of 3 to 15 volts rms. The normal
level of the audio output of %310 is ten volts rms. Figure 61 shows that this
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Figure 61.-Amplitude of Tens Audio Signal
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level varies less than 1.5 volts from one end of the band to the other ex-
cept at 15 Mc. Previously it was pointed out that it was desirable to main-
tain the spectrum reasonably uniform in amplitude for it is the spectrum
which determines the magnitude of the audio signal. The audio signal must
always be greater than three volts or serious crossover frequency deviations
will result.

Since the spectrum, and thus the t ens audio level, were found to be so
uniform and more than three times greater than the minimum required voltage
it was decided that it would be unnecessary to apply AVC to the monitor.
Simplification of design resulted. The figure also indicates the effective-
ness of the spectrum filter 2306. The tens audio response is cut off sharply
below 10 Mc and above 20 Mc.

Tube V31lh, discriminator transformer T302, and dual diode V315 comprise
the discriminator circuit. Components R354 and C372 cause the rotation of
the characteristic curve axis. Figure 62 and Figure 63 show typical curves
for a 25-kc crossover frequency and a 32-kc crossover frequency.

Relay K310 causes the master oscillator to be changed from transmit to
receive frequency. It accomplishes this change by shifting the discriminator
crossover frequency from 25 to 32 kc as previously mentioned. Capacitor
C367 in the primary of T302 and C369 in the secondary tune the discrimire tor
to 32 ke. Capacitor C370 is a trimmer capacitance in parallel with C369 to
align the discriminator to exactly 32 kc. The relay parallels C375 with C367
in the primary and C371 with C369 in the secondary to tune the discriminator
to 25 ke. Capacitor C373 is a capacitive trimmer to align the discriminator
to exactly 25 kc. The primary of the discriminator is tuned to exactly one-
half the secondary frequency. This was found necessary to eliminate cross-
over frequency shift with changes in input signal amplitude. This precaution
was required in addition to limiting at the discriminator input. Both the
positive and negative leads of the discriminator are brought to switches
5315 and S316. These switches reverse the discriminator polarity making it
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positive for units digits O through 4. It reverses discriminator output
polarity by grounding the appropriate discriminator lead and connecting the
remaining lead to switch S303., Capacitor C317 by-passes the outgoing lead of
S315 and S316 to ground., It effectively swamps out changes in switch capacity
and wiring capacity from one switch position to the next. This measure was
necessary to minimize discriminator crossover frequency shift when the output
polarity is reversed. The shift in crossover frequency is large without by-
passing. With by-passing it has been reduced to less than 25 cycles. The
discriminator output voltage or EFC voltage is run from S315 and 5316 to S303
and also through contacts 1 and 2 on relay K303 to the reactance tube in the
transmitter assembly. Relay K303 disconnects the reactance tube grid from
the EFC voltage and grounds it during counting. Switch S303 on the hundreds
stepper connects the trigger tube grid, tube V313, to either the hundreds
rectifier output or the discriminator output.

The trigger tube and relays K301 and K302 perform the same functions as
the circuit previously described with the aid of Figure 46. Relay K301 is
the reverse relay and K302 is the counting and forward relay. They cause the
tuning motor to either reverse or run forward. However, K302 performs a
second function. It also serves as the stepper-actuating relay during the
hundreds and tens count.

TOLERANCES OF MONITOR COMPONENTS

All resistors and capacitors have a tolerance of plus or minus 5 percent
or greater., All filter inductances are plus or minus 5 percent tolerance.
The value of inductances in the resonant tank circuits must be close enough
to the design value to bring the resonant frequency within the range of the
capacitive or inductive trimmers. The six crystals must be near enough to
the design frequency so that they may be pulled by means of a trimmer to the
exact design frequency. The crystal tolerances have been set as plus or
minus 0,001 percent in frequency. The monitor will operate normally with
tubes operating within the JAN specifications for vacuum tubes.

MONITOR POWER REQUIREMENTS

The heaters of all monitor vacuum tubes are connected in groups of four
in series from plus 26.5 volts to ground. They crystal ovens also operate
from plus 26.5 volts. This voltage may vary plus or minus 10 percent.without
undesirable effects., The plus 150-volts supply is regulated and maintained
within plus or minus 3.0 volts. 1t supplies plate voltage to all the spectrum
generating circuits, the reference crystal oscillator and doubler, and to the
screens of the discriminator tube V314 and trigger tube V313. The purpose
of employing a regulated voltage on these circuits is to prevent any appre-
ciable shift in the spectrum frequency, the reference frequency, and the dis-
criminator crossover frequency. The plus 225-volt bus supplies the plate and
screen voltage of the remaining tubes. This voltage may vary from plus 180
to plus 300 volts without harmful effects,
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MONITOR ALIGNMENT

The monitor may be aligned with a test bench setup or in the equipment.
The test bench setup is preferable and will be described here; however, the
monitor may be aligned in the equipment by following the test bench procedure.

The test bench setup consists of a motor driven, reactance=tube-con-
trolled, master oscillator operating from 10.5 to 20 Mc, a control box, a
monitor, a power supply, and an electrical harness to connect all four units.
Three test instruments are necessary: an oscilloscope, a vacuum tube volt-
meter, and a signal generator to provide one volt rms of r-f signal at the
divider output frequency of 1C to 20 Mc. This completes the test setup, and
alignment may commence,

Since it is desired to align the monitor and not to operate the motor
drive, the motor must be disabled by disconnecting one lead. Power then is
applied to the setup. The first circuits to be aligned are the two crystal
oscillator plate tank circuits. The procedure for trimming the crystals to
their exact design frequencies will be described later. The 500-kc crystal
oscillator has a fixed-tuned tank circuit 2303 rescnant at 700 k¢ which does
not need aligning. However, z304 and 2305 in the doubler amplifier stage,
V302, do require alignment. Circuit 3305, resonant at 500 kc, is peaked
while observing the deflection obtained on the oscilloscope when it is direct-
ly coupled to the cathode of V303. Likewise, 2304, resonant at 1.0 Mc, is
aprroximately peaked with the oscilloscope connected to the switch side of
C321., It will not be possible to accurately peak 2304 at this point because
the capacity of the oscilloscope lead is not isolated from the circuit as it
was for 2305, However, 3304 will be accurately peaked later in the procedure.
The reference oscillator tank circuit is aligned next. Any of the reference
crystals may be switched into the oscillator. A vacuum tube voltmeter is
connected to the grid of the oscillator and #302, resonant at 7.5 Mc, is
adjusted on the gentle slope side of resonance until the voltmeter reads two-
thirds of the peak negative voltage. Resonant circuit 2302 is detuned from
the peak reading to insure stable oscillator.

The next step of the procedure is to set the control box, if it is not
already set, on a number several hundred channels high. This operation pre-
pares the monitor to register a number of hundreds counts. Since the motor
is inoperative it permits the hundreds wave forms to be observed at leisure
with the signal gzenerator replacing the master oscillator. The first mixer
tuned circuit, #307, the i~f amplifier tuned circuit, 2308, and the reference
frequency doubler tank circuit, 2301, can now be aligned. The oscilloscope
is connected to the output of the hundreds rectifier and the signal generator
is tuned to an integral Mc point such as 12,0 Mc., It is tuned so that the
audio signal at the hundreds rectifier is slightly off zero beat, about 100 cps
to get a maximum scope deflection yet not be so far off zero heat to cause
misalignment of the tank circuits. With this setup, 2307, 2308, and 2301 can
be peaked for a maximum oscilloscope deflection. The d-c voltage at this
observation point should equal about 50 volts. Next, the signal generator
is tuned to 10.5 Mc and 3304, readjusted until the spurious response obtained

at this frequency disappears. LResonant circuit 2304 is then aligned to
exactly 1.0 Me.
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The spurious response will be obtained when 4304 is misaligned because
the tank circuit then will not present maximum attenuation to the 500-kc
signal on the plate of V302, and appreciable amounts of 500-kc signal will
be present in the 1.0~Mc output. The blocking oscillator will tend to syn-
chronize at 500 kc as well as 1.0 Mc, producing a spurious response at the
half-megacycle points in the band., All the circuits involved with the hun-
dreds count now have been aligned. The amplitude and wave shape of the hun-
dreds responses at the hundreds rectifier can be compared with Figure 58 and
Figure 59 to determine if the response is normal. The voltage at which the
counting relay operates can also be checked. This triggering voltage should
equal about 10 volts d-c.

The circuits utilized in the tens counting are aligned next. The signal
generator is tuned over the band .ntil a sufficient number of hundred-markers
are registered to step the hundreds stepper to its finish position. The
monitor is then prepared to count tens. The oscilloscope is connected to the
output of 3310, The division ratio of the spectrum generator divider can now
be adjusted by means of trimmer C324. The signal generator is tuned through
one megacycle in frequency and the number of tens-count cycles which appear
as the signal generator is tuned, are noted. 4f there are not ten cycles
present in the one-megacycle tuning range, the divider must be readjusted
until there are ten present in this range. Once the correct division ratio
has been found, the limits of the capacitive trimmer setting can be deter-
mined by rocking the t rimmer to either side and noting when the oscilloscope
audio signal pattern begins to jitter. This trimmer can be rotated about
%+ 30 degrees before the five-to-one division ratio will be upset. The
trimmer is set in the middle of the 60-degree range. Once this adjustment
is made, the divider division ratio will not change under Service Conditions.
Filter 2306 is next aligned. The signal generator is tuned to 9.5 Mc, and
trimmers C333 and C334 are adjusted so that no signal appears on the oscil-
loscope. The signal generator is next tuned to 10 Mc, where the audio signal
displayed on the oscilloscope should be of the same amplitude as the signal
from 11 to 15 Mc. If it is not, the trimmers should be readjusted. The
monitor has now been aligned for the t ens count signals and the response at
the output of Z310 should be as shown in Figure 61,

The discriminator must be aligned to 25 k¢ and to 32 kc. These two
adjustments must be made with precision. The procedure will be described
in subsequent paragraphs together with the procedure for trimming the spectrum
and reference crystal oscillators.

The counting and forward (C and F) relay and the reverse relay con-
nected in series in the plate of the trigger tube, V313, must also be adjusted.
The operation of this circuit was described in cthnjunction with Figure 46.
The output d-c voltage of the discriminator is fed to the trigger tube and
also to the reactance tube V405 which is coupled to the master oscillator.
When the equipment is in the AFC position the master oscillator is shifted
either higher or lower in frequency in unison with the polarity of the dis-
criminator output d-c¢ voltage by means of the r eactance tube and also by
means of the motor drive controlled by the trigger tube. The reactance
tube continuously forces the master oscillator frequency back towards the
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channel frequeney whenever it drifts off. However, the reactance tube is
unable to force the master oscillator back to the exact channel frequency
because it does not commence to be effective until a voltage is applied to
its grid. This voltage is not developed at the discriminator until a shift
or error in the master oscillator frequency occurs. Consequently the
reactance tube and discriminator always operate with a small error signal.
The magnitude of this error signal is a function of the magnitude of the
master oscillator drift. The greater this drift, the greater is the dis-
criminator output voltage. The master oscillator may drift so far in fre-
quency that the reactance tube becomes ineffective. It is the purpose of

the trigger tube and motor drive to avoid this condition. This circuit
should be adjusted so that the motor will retune the master oscillator to

its exact channel frequency whenever the reactance tube becomes unable to
return the master oscillator to within predetermined limits of the channel
frequency. These predetermined limits in frequency are known as the monitor
neutral position or monitor slot width. It is, of course, the range of
frequencies in which the motor tuning drive is quiescent. The slot width

of the monitor has been set as plus or minus 50 cycles which remains constant
anywhere between 11 and 20 Mc. At the signal frequency, anywhere between 225
and 400 Mc, the slot width is 20 times greater or #£1000 cycles. It is
apparent that the slot width should be as narrow as possible because it is
one of the factors which determines the overall frequency stability of the
equipment. The slot width is determined by the adjustment of the reverse
relay and the C and F relay located in the plate circuit of the trigger tube.
When the master oscillator is plus or minus 50 cycles off channel frequency
the discriminator will develop plus or minus 1l.4 volts of output. In this
condition the master oscillator, discriminator, and reactance tupe system
are in balance. JSince the reactance tube circuit is capable of shifting the
master oscillator }4C ke with 1.4 volts on its grid, it stands to reason
that under the above condition the natural master oscillator frequency must
have been % 40,050 cycles off channel frequency and that the reactance tube
forced it back to within *50 cycles. If the natural master oscillator fre-
quency should drift beyond #40,050 cycles, the system balance point will
exceed 50 cycles and 1.4 volts and the motor will retune the master oscillator.
Figure 64 shows the trigger tube grid voltages at which the reverse and C
and F relays open and close. When the grid voltage is more negative than
1.8 volts, both relays will be open and 2

the motor will be energized driving F
the master oscillator back, or reverse,
to zero volts. Likewise, when the
trigger tube grid voltage exceeds plus
one volt both reluys will be closed
and the motor will drive the master
oscillator forward in frequency until
the discriminator output voltage is
zero again. The motor is quiescent
only when the reverse relay is closed
and the C and F relay is open as
previously explained. It is obvious
that this quiescent position is dif-
ferent depending upon the direction
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Figure 64.-Reverse C and F
Relay Adjustment
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in which the master oscillator approaches the frequency where the discriminator
output voltage is zero. Point a is the grid voltage at which the reverse re-
lay opens when the voltage is increas1ng in a negative direction. Point, b
is the voltage at which- this relay closes when the voltage is becoming more
positive. Likewise point ¢ is the decreasing positive voltage at which the

C and F relay opens and point d is the increasing positive voltage at which
this relay closes. Therefore, when the master oscillator frequency approaches
the correct frequency from the negative voltage side of the discriminator
characteristic the motor will cease running at point b and will not be re-
energized again until point d is reached. Normally, the motor drive will not
coast to point d, but will stop at about the zero bolt point en the diagram.
Once the point b has been passed, the slot becomes the distance a to d in-
stead of b to d “because the reverse relay will be closed and the C and F
relay will be open in this area. A sindilar condition exists when the master
oscillator frequency approaches the correct frequency from the positive volt-
age side of the discriminator characteristic. The motor will be de~energized
at point ¢ and will be re-energized if point a should be reached. Once point
c is passed the slot width again becomes the distance a to d. The adjustment
of the relays determines the slot width and the tendency of the motor to hunt,
The opening and closing currents of the relays are set by adjusting spring
tensions, armature gaps, and shunting the coils with resistance. The zero
voltage axis is set midway between a and d by the appropriate cathode bias.
Motor hunting is reduced by making the distances ¢ toa and b to d as great

as possible without sacrificing slot width. If huntlng still per31sts it may
be eliminated by increasing the slot width at the sacrifice of equipment
frequency stability.

The slot width of the AN/ARC-19 (XN~-1) is adjusted as shown in the figure
just discussed. The slot width is equal to 2.8 volts or % l.4 volts which is
equivalent to #£50 cycles or a total of 100 cycles. The actual frequency of
the master oscillator is never in error more than %50 cycles. In other
words, the AFC and EFC circuits are responsible for only %50 cycles of fre-
quency error regardless of the amount of error introduced by the spectrum
crystal oscillator, the reference crystal oscillator, and the discriminator
crossover frequency. In previous discussions the slot width error is con-
sidered to be a part of the t otal discriminator frequency error.

There is one other slot width which may be considered and that is the
mechanical slot width. Since the reactance tube pulls the master oscillator
plus or minus 40,050 cycles back toward channel frequency before the motor
begins to operate, the mechamnical slot thus is 80.1 kc wide. This means
that the natural master oscillator frequency can be anywhere in this range
before the motor will retune it.

The procedures and considerations entering into the alignment and ad-
justment of all monitor circuits have been discussed with the exception of the
method used to trim the spectrum crystal oscillator, the reference ascillator,
and the discriminator to their design frequencies. This procedure requires a
precise frequency measuring setup. This setup together with the aligning
procedure will be described in the succeeding paragraphs.
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FREQUENCY MEASUREMENT

In aligning the AN/ARC-19 (XN-1) monitor and determining its frequency
stability characteristics, a precise method of measuring frequency is re-
quired. It is the purpose of this portion of the report to describe the
equipment and methods used by the Laboratory for making the necessary fre-
quency determinations.

There are three points in the monitor where frequency measurements must
be made. These points are at the crystal controlled spectrum oscillator,
the reference frequency oscillator, and the r-f divider output. The spec-
trum oscillator which operates at 500 kc is checked at the output of the
blocking-grid oscillator which generates the harmonic spectrum. In order
to facilitate frequency measurement, the 10-Mc harmonic of the spectrum is
used. The five crystals of the reference frequency oscillator are checked
at the doubled frequencies of 15.025, 15.035, 15.045, 15.055, and 15.065 Mc.
At the output of the master oscillator divider, the frequencies to be
measured range from 10.993 to 19.997 Mc. Since these frequencies are at
one-twentieth of the output channel frequencies, they are spaced one-twen-
tieth of the 200-ke¢ channel spacing, or 10 kc apart. When the monitor is
placed in the transmit position, the frequencies fall on integral 10-kc
points 11,000 to 19.990 Mc; whereas, when in the receive position, the
frequencies shift 7 kc below or above those points. For unit digits of the
channel numbering from O to 4, the shift is below; for 5 to 9, above.

In order to obtain the necessary accuracy in measuring these frequencies,
the method used by the Laboratory involves a Secondary Harmonic Frequency
Standard which is constantly monitored against WWV. The accurately known
frequency from the Frequency Standard is beat against the signal to be
measured, and the resulting note is used to determine the actual deviation
of the signal from the true frequency. By this method, high precision
measurement is possible with a Standard of average stability. Accuracies
within 0,00001 percent are readily obtained. The difference between this
accuracy and that of WWV, which is held to within 0.000002 percent, is
attributed mainly to instrumental errors. Besides allowing spot frequency
measurements, the setup may also be used to provide a continuous record of
frequency deviation such as required in a long duration temperature run of

- the equipment.

The block diagram for the frequency measuring setup is shown in Figure
65. It consists of a Harmonic Frequency Standard, two standard communication
receivers, two electronic frequency meters, two Esterline-Angus Recorders,
an interpolation oscillator, an audio mixer, and two low-pass filters. The
Harmonic Frequency Standard delivers a spectrum of 10-kc¢ harmonics which
extends well above the highest frequency (20 Mc) tobe measured in the monitor.
Receiver Number 1 is a standard communication type receiver used for mixing
the 5-Mc signal of WWV (This frequency was chosen for its stability of re-
ception at the Laboratory location) and the 5~Mc harmonic (500th harmonic of
10 k¢) from the Frequency Standard. Capacitor C2, shown on Figure 65, is
adjusted for an optimum beat note at the output of the receiver. A speaker
connected to the receiver assists in this adjustment. Any modulation, in-
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cluding speech announcements made every hour and half-hour on WWV, is elim-
inated by means of the O to 200 cps low-pass filter, allowing a pure beat
note to be fed to Electronic Frequency Meter Number 1 {Hewlett Fackard Model
500A) which is set on the 0 to 200 cps
uc) range. Previous to measuring a fre-
:7 enequency 1o quency, the oscillator trimming con-
—_— ' denser on the Frequency Standard is
v W o i adjusted so that the 5-Mc harmonic
KR is shifted to some frequency between
50 and 200 cps above WWV. This shift
- is indicated on Electronic Frequency
receiver Januonc ReGEIVER fwrewosmon| Meter Number 1 and may be continuously
no.! STANOARD no-2 osewtarer | pecorded on Esterline-iAngus Recorder
1 C o~ | No. 1. The actual procedure for
o %' ' measuring a frequency is divided into
Lowrass aseinz— | s | wen | three cases which will be described
l WL - subsequently. These three cases cover
l L —t="" all the necessary measurements made on
ELECTRONI 0-800 cPs the monitor.

R LOW-PASS
rn::ou‘ers FILTER

1 j Case 1 - Measurement of Frequencies
Falling on Integral 10-kc¢ Points,

ELECTRONIC

E-A
FREQ. METER
RECORDER NO 2

NO.{

In measuring the frequency of a
1 signal that falls on an integral 10-
o ke harmonic point, the particular set-
wo.2 up used is indicated as Case 1 on
Figure 66. Two examples of frequencies
falling in this category are: first,
the channel frequencies from the r-f
divider when the monitor is placed in
the transmit position, and second, the output from the spectrum oscillator

which is checked at the 10-Mc harmonic.

Figure 65.-Block Diagram of
Frequency Measuring Setup

The signal to be measured is picked up in Receiver Number 2 by means of
a loosely coupled probe. In checking the channel frequencies, the probe may
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10 KC. HARMONICS /
FROM FREQUENGY
STANDARD. —=—g |
=—— 10 KG ———e—t=a —— 10 KC——w=| 10KGC ———emteat—— 10 KC——am
4,990,I00CPS 5,000,100 GPS 5,010,100 CPS 9,990,200 GPS  10,000,200GPS 10,010,200 GPS

Figure 66,-Frequency Measurement, Dase 1
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be placed near the grid of the first mixer in the monitor where the output

of the r-f divider is introduced. For checking the spectrum oscillator,

the probe is placed near the plate of the blocking oscillator in the monitor.
The signal thus obtained is mixed in Receiver Number 2 with the output of the
Frequency Standard and the resulting beat note is fed through the O to 500
cps low-pass filter to Electronic Frequency Meter Number 2, set on the O to
500 cps range, and its corresponding Esterline-Angus Recorder MNumber 2. This
range was found to be sufficiently wide for all measurements made on the
monitor. Capacitor C,, shown on the block diagram on Figure 65, is adjusted
for an optimum beat amplitude from Receiver Number 2, To obtain the exact
frequency of the measured signal, the beat note indicated on Frequency Meter
Number 2 must be corrected by the amount the Frequency Standard has been
shifted (as indicated on Frequency Meter Number 1) from the known frequency
(i.e. WWV). The amount of correction depends on the frequency of the signal.
For example, consider that the Frequency Standard is shifted so that its 5-Mc
harmonic is 100 cps above WWV as indicated on Frequency Meter Number 1 and
the frequency of the signal to be measured is exactly on 10 Mc. The 10-Mc
harmonic from the Frequency Standard is then actually 200 cps above the true
frequency or at 10,000,200 cps. This harmonic beating against the signal at
exactly 10 Mc gives the 200 cps beat indicated on Frequency Meter Number 2.
It follows that by assigning a negative sign to the reading on Frequency
Meter Number 2, and adding it algebraically to the positive value on Fre-
quency Meter Number 1, converted to the measured Irequency (in this example,
‘multiplied by 10/5 or 2) the actual deviation of the signal is obtained. The
frequency relation of the above example is illustrated in Figure 66. From
the example, it may be seen that for any frequency falling on integral 10-kc
points, the following equation may be used for obtaining the frequency devi-
ation: £ AL
F.D. (l)= (dfF.S.)( 58 ) - (Equation 1)

where: F'D'(l) = Frequency deviation in c¢ps from fgs.

AfF 5. = Frequency shift in cps of the Frequency Standard above WWV at
e 5 Mc as indicated on Frequency Meter Number 1.
Afg Exact design frequency in Mc of the signal to be measured,

st = Beat frequency in cps betweeh signal and harmonic from the Fre-
quency Standard as indicated on Frequency Meter Number 2.

It may be noted that if the signal to be measured happened to be
10,000,400 cps instead of exactly 10~Mc, a 200 cps note would also result
from beating with the 10,000,200-cps harmonic of the Frequency Standard. In
order to verify that this is not the case, it is necessary merely to rotate
the oscillator trimmer of the Frequency Standard back and forth and note the
change in the beat frequencies from the two receivers: If the signal is on
the proper (i.e. low) side of the harmonic from the Frequency Standard, the
beat frequencies will vary in the same direction.

By using the Esterline-Angus recorders, a continucus frequency stability
run may be made on the measured signal. Points may be taken from the two
charts and by the use of Equation 1, graphs of frequency deviation against
time may be plotted. In a similar manner, records may also be obtained for
Cases 2 and 3 which are described in the ensuing paragraphs.
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wWv FREQUENCY BEING MEASURED
(5 MG) (15.025 MG)
= 4850~ 5|50 =
4 4 r
AN
10KC. : 1O KC. ett——— [0 KC.———o=f=s—— |0 KC.———w=
4.990,0506PS 5,000,050 CPS 5,010,050 CPS 15,020,130 CPS 15,030,I50CPS  15,040,i50 CPS

Figure 67.-Frequency Measurement, Case 2,

Case 2 - Measurement of Frequencies Midway Between 10-Kc¢ Harmonic Points

For measuring frequencies midway between 10-kc harmonic points, such as
the output from the reference oscillator, the same setup described in Case
1 is used. In this case, however, two beat frequencies of approximately 5
ke are produced between the signal to be measured and the adjacent upper and
lower 10-kc harmonics of the Frequency Standard. The tuning of Receiver
Number 2 is adjusted to allow these two beat frequencies to beat with each
other to produce a third low frequency. The frequency of this beat is de-
pendent upon the amount of shift of the Frequency Standard from WWV. For
example, assume that the Frequency Standard is adjusted so that the 5-Mc
harmonic is 50 cps above WWV and that the signal to be measured is exactly
15.025 Mc. Consequently, the harmonics beating with the 15,025-Mc signal
are 15,020,150 cps and 15,030,150 cps producing 4,850-cps and 5,150-cps
beats. These two frequencies in turn beat together to give the 300-cps low-
frequency beat which is indicated on Frequency Meter Number 2. The higher
audio frequencies are filtered out by the O to 500 cps low-pass filter, and
therefore do not actuate the frequency meter. The frequency relationship
of this example is shown in Figure 67. It follows that the frequency
deviation of any measured frequency falling into this category may be found
by the following formula:

s (L fs ) -at

Frequency deviation in cps from fg .

F.Do(2) = (24af (Equation 2)

where: F.D.(2)

Af? 5. = Frequency shift in cps of the Frequency Standard
e above WWV at 5 Mc as indicated on Frequency Meter
Number 1.
fq - Exact design frequency in Mc of the signal to be
measured.
Afg = Resultant low-frequency beat in cps as indicated on

Frequency Meter Number 2.
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In 2 manner similar to that described in Case 1, the trimmer on the
Frequency Standard should be rotated to determine whether the beat fre-
quencies from Receiver Number 1 and Number 2 vary in the same direction.

Case 3 - Measurement of Frequencies Between 10-kc Harmonic Points

In this case, assume & frequency 7 kc below or above the 10-kc harmonic
points, such as channel frequencies from the output of the r-f divider when
the equipment is in the receive position. As shown in Figure 68, the setup
for measurements in this category requires, in addition to the existing
equipment, an interpolation oscillator (G-R Type 617C) and an audio mixer.

The frequency to be measured is mixed, as in the previous cases, with
the 10-kc¢ harmonics of the Frequency Standard. In this case, beat frequen-
cies of approximately 3 kc and 7 kc result from the signal to be measured
beating with the adjacent 10-kc harmonics. Receiver Number 2 is tuned so
that the approximate 3-kc frequency is predominant and is mixed with the
exact 3-kc signal from the interpolation oscillator by means of the audio
mixer. At the output of the mixer is a third auaio note, the frequency of
which is dependent on the deviation of the measured signal from the 7-kc
points and on the initial shift of the Frequency Standard. For instance, if
the measured signal is exactly 10.993 Mc and the Frequency Standard is
shifted 100 cps above WWV at 5 Mc, the measured signal would then beat with
the 1,099th harmonic (10,990,220 cps) of the Frequency Standard to produce
a beat freguency of 2780 cps. Since this freguency is mixed with the 3-kc
signal from the interpolation oscillator, the resulting beat frequency
indicated on Frequency Meter Number 2 is 220 cps. The freqguency relation-
ship for this example is shown in Figure 68, Hence, the following equation
may be used to determine the frequency deviation of any signal in this
category:

F-D-(B) = (a fF.S.) ( £f5 ) ~Af (Equation 3)
5
where: F.D.(3) = Frequency deviation in cps from £s.
wWyv FREQUENGY BEING MEASURED
(MG (10.993 MC))
-
= T
3000CPS —
(umsapon.mon) 2780 cPs
OSGILLATOR
4 {
7 /
10K 10KE—— —=——10 KOG 10KG
4,990,100CPS  8,000,I00 GRS 5,010,100 CPS 10,980,220CPS  10,990,220GPS 11,000,220 GPS

Figure 68.-Frequency Measurement, Case 3.
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tfﬁ 5= Frequency shift in cps of the Frequency Standard above WwV at
*¥* 5 Mc as indicated on Frequency Meter Number 1.

f

s Exact design frequency in Mc of the signal to be measured.

Resultant low-frequency beat note in cps as indicated on Fre-
quency Meter Number 2.

At

As in Cases 1 and 2, the trimmer on the Frequency Standard should be
rotated and the two frequencies indicated on Frequency Meters 1 and 2 noted
for same direction of change.

ALIGNMENT OF THE DISCRIMINATOR AND SLOT WIDTH DETERMINATION

In the measurement of the channel frequencies with the equipment in the
transmit and receive positions as described in Cases 1 and 3, it was assumed
that the discriminator of the monitor had already been properly aligned. 4if
this is not the case, the frequency measuring procedures described in these
two cases may be used for discriminator alignment in the following manner.
First, the spectrum oscillator and reference oscillator are set on frequency
as described in Cases 1 and 2. Then, the monitor is placed in the receive
position and a channel is selected at the control box. The deviation on
Frequency Meter Mumber 2 is obtained as described in Case 3. Now, the master
oscillator is slightly detuned by the slow introduction of some external
capacity, such as the hand in the vicinity of the master oscillator tuning
condenser. When sufficient capacity has been introduced to exceed the control
range of the EFC, the motor is energized to correct for the frequency shift.
At this instant, the reading on Frequency Meter Number 2 is noted while the
frequency offset of the Frequency Standard is maintained constant at 100 cps
as shown on Frequency Meter Number 1, Then, as the external capacity is
slowly withidrawn, at a given point the motor will again recorrect. The
reading on Frequency Meter Number 2 is again noted. The difference between
this value and the one previously obtained is the slot width., For proper
alignment, the 32-kc¢ trimmer on the discriminator is adjusted so that the
center of the slot lies 7 kc below or above (depending on the channel selec~-
tion) one-twentieth of the channel frequency, i.e. the center of the slot is
such a value on Frequency Meter Number 2 as to yield zero frequency deviation
according to Equation 3.

To adjust the 25-kc trimmer, the monitor circuits are switched to the
transmit position and the procedure described in Case 1 is used to obtain
the frequency deviation. The center of the slot is again determined by a
procedure similar to that used in adjusting the 32-kc¢ trimmer. For proper
alignment the center of the slot should be exactly on one-twentieth of the
channel frecuency according to Equation 1.

In a long duration stability run, the shift of the channel frequency
within the slot width is normally not accounted for. However, by the
attachment of a motor driven external condenser plate that momentarily
detunes the master oscillator at regular intervals, it is possible to obtain
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a continuous record showing the position and width of the slot throughout
the run. In this report, the channel stability curves showing the slot
width were obtained by this means.

Use of Equipment for Measuring Other Frequencies

The frequency measuring setup described herein is not necessarily
limited to determination of frequencies within the monitor. It may be
seen in the description of Case 3 that by setting the Interpolation Cscil-
lator to other values, it is possible to determine accurately any frequency
up to the highest harmonic detectable in Receiver Number 2 from the Harmonic
Frequency Standard.

Description of the Harmonic Frequency Standard

The Harmonic Frequency Standard consists essentially of a crystal
controlled oscillator, two frequency dividers, and a harmonic generator.
The oscillator operates at a frequency of 500 k¢ which is divided down to
10 kc by a 5:1 divider and a 10:1 divider. The crystal in the oscillator
is temperature controlled to aid in its stability.

Photographs of the standard are shown in Figures 69, 70, and 71. In
Figure 72 is shown the schematic diagram of the circuit. Tube VI is the
crystal controlled oscillator, using a Type 6AK5 tube. The buffer amplifier
V2, also a Type 6AK5 tube, follows to feed the Type 6J6 tube (V3) cathode
follower. Following V3 is the 5:1 frequency divider using a blocked-grid
oscillator which is keyed when the step voltage developed across the 20uaf
condenser connected between the cathode and plate of V4 reaches the level
to allow conduction in V5. This step voltage counteracts the cutoff bias
voltage developed across the 1000up f grid condenser by a preceding cycle
of operation. The positive voltage across the 20uu f condenser is built

| HaRwoms F
| REQUE]
b xggv SrANDARD

Figure 70,-Frequency Standard
Figure 69.-Frequency Standard with Case Removed
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up from successive charging cycles through V4, the Type 6AL5 tube. The fre-
quency division ratio depends on the number of cycles of charging required
before the blocking oscillator goes into conduction, and is adjusted by
varying the capacity of the 3-45pp £ coupling condenser between V3 and Vi.
An oscilloscope connected between point A and ground will show the step
voltage which should have 5 steps for proper operation. Since the crystal
oscillator is operating at 500 kc, the frequency at the output of the first
divider is 100 kc.

Following the 5:1 divider is a Type 6J6 tube (V6) cathode follower feed-
ing the 10:1 divider (V7 and V8), a circuit similar to the first one. They
differ in that the blocking oscillator of the 5:1 divider acquires its cut-
off bias in the grid circuit whereas in the one for the 10:1 divider it is
developed in the cathode circuit by the cathode current and a bleeder from
the plate supply. The latter circuit results in a slightly better stability
for the higher division ratio. The division ratio of the 10:1 divider may
be checked by connecting an oscilloscope between point B and ground.

Figure 71.-Bottom View of Frequency Standard with Case Removed
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The output of the second blocking oscillator is a sharp voltage pulse
recurring at the rate of 10 ke. By feeding this pulse to the Type 6AK5 tube
(V9) clipper cathode-follower, a high order of 10-kc harmonics is realized at

the output.

A single-pole double-throw switch at the grid of the clipper cathode~
follower allows the selection of either the 10-kc¢ or 100-kc spectrum of
harmonics. The 100-kc spectrum is generated at the output of the first
blocking oscillator (i.e. in the 5:1 divider stage). In measurements of the
monitorfrequencies, the 1l0-kc spectrum was used throughout.

Calibration of Instruments

In the frequency measuring setup described, it is necessary to calibrate
some of the instruments in order to realize the high degree of accuracy de-
sired. Instruments requiring calibration are the interpolation oscillator,
the two electronic frequency meters and the two Esterline-Angus recorders.

In order to calibrate the frequency meters and Esterline-Angus recorders, the
interpolation oscillator is first calibrated at 220 cps by mixing that fre-
quency with the L440O-cps signal of WWV, when the oscillator is properly ad~
Justed Lissajous figures of the two voltages on an oscilloscope should show a
2:1 ratio. After this ipitial calibration, the frequency meters and
Esterline-Angus recorders are calibrated from the interpolation oscillator.
When using the interpolation oscillator at 3000 cps as in Case 3, it should
be calibrated close to this frequency. This is accomplished by adjusting

the zero-set dial of the interpolation oscillator while the main dial is set
to 3080 cps and the output compared on an oscilloscope with the 4L4O-cps
standard from WWV. The oscilloscope should give a 7:1 Lissajous figure when
the proper adjustment is reached.

MONITOR FREQUENCY STABILITY

The monitor determines the overall %ransmitter and receiver frequency
stability therefore, it was necessary to determine how the monitor reacts
to non-standard conditions of voltage and temperature. For these tests the
monitor was placed in a temperature chamber and the frequencies of the master
oscillator, reference frequency oscillator, and the spectrum frequency oscil-
lator were measured with the setup described in the previous paragraphs. All
supply voltages were maintained at normal values. The temperature was varied
from room temperature.to -50° C then to #+50° C and back to room temperature.,
A continuous record of frequency deviations was kept on the Esterline-iAngus
charts and plotted on the graphs for the cyclic temperature variation.

The first frequency stability run was made on the spectrum frequency
oscillator of monitor Number 2. The results of this run are shown in Figure 73.
PTemperature is plotted in degrees and frequency deviation in parts per million.
As can be seen the maximum deviation of this oscillator is 3.5 parts per
million. It will be noted that the frequency deviates from zero beat only
during periods of rapid temperature change. At other times it returnms to zero
beat. The oscillator was temperature compensated to obtain this effect. How-
‘ever, the temperature of the compensating condensers lags the temperature of



EQUIPMENT DEVELOFMENT 75

other circuit components during rapid temperature changes, leaving bumps in
the curve at points of rapid change. Capacitances C311 and C310 were changed
from zero coefficient to negative coefficient capacitors to obtain the com-
pensation. It is evident that the oscillator remains well within the plus or
minus 0,001 percent frequency tolerance,

The next frequency stability runs were made on the reference frequency
oscillator. Three runs were made, one each with crystals number 1, 2, and 3.
Three runs were made to see if the crystal position in the five-unit crystal
oven affected the stability of the oscillator. Figures 74, 75, and 76 show
these three runs. No great difference is apparent between the three curves;
therefore, crystal position is of little consequence in the large oven. The
greatest frequency deviation obtained was 4.5 parts per million at -50° ¢,
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Figure 73,<Frequency Deviation vs Time during a Cyclic Temperature Run
on Spectrum Crystal Oscillator of Monitor Number 2
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This oscillator is again well within the plus or minus 0.001 percent fre-
quency deviation permitted.

Four frequency stability runs were made on the master oscillator in the
transmit position for channels number 100, number 105, number 550, and number
990. These channels were selected for the purpose of revealing the individual
effects of each of the three frequency stability determining circuits on the
overall equipment frequency stability, i.e., the master oscillator. On chan-
nel number 100, frequency errors of the spectrum frequency oscillator and the
reference frequency oscillator subtract to make the master oscillator stability
look better. Channel number 105 shows the effect of reversing the discriminator
polarity. At channel number 550 very little of the spectrum is used so that the
error introduced by the spectrum frequency oscillator at this frequency is neg-
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Figure 75.-Frequency deviation vs time during cyclic temper-
ature run on reference oscillator of monitor number 2, with
crystal number 2 in position number 2,
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Table II Frequency Deviation of Channels 100, 105, 550 and 990 in the
Transmit and Receive Positions for Monitors 1 to 5

Monitor |Channel | Channel Frequency Deviation
No. No. Frequency Transmit Receive
Mc (Parts/ (Parts/

Ke Million) Ke Million)
1 100 220 | 40,60 +2.73 |+0.20 +0.91
1 105 221 | +0.12 +0.54 |-0.98 —hobh
1 550 310 | 40.90 +2,90 | +1.80 +5.81
1 990 398 | +1.00 +2,51 | +1.80 +4.52
2 100 220 | -0.52 -2.36 |-0.20 -0.91
2 105 221 | +0.18 +0.,81 |+0.54 ~2.45
2 550 310 | -1.90 -6.13 | +0.40 +1.29
2 990 398 | -0.70 -1.76 |+0,20 40,50
3 100 220 | -0,60 2,73 |-0.20 -0.91
3 105 221 | +1.02 +4.62 [+0.42 +1.90
3 550 310 | -0.60 -1.94 | -0.40 -1.29
3 990 398 | +1.10 2,76 |-0.20 -0.50
b 100 220 | -0,20 -0,91 |+0.80 +3.64
4L 105 221 | 41,22 +5,52 (40,62 +2,80
L 550 310 | 40,20 +0.65 |+0.80 +2,.58
b 990 398 | 40,20 +0.50 |+0.40 +1.00
5 100 220 | 40.40 | +1.82 |-0.40 -1.82
5 105 221 | 41.02 +4.62 |-0,18 -0.81
5 550 310 | 40,20 0,65 | 41,00 +3.23
5 990 398 | -0.80 2,01 {-0.20 -0.50

Notes: (ag Measurements made at standard temperature and voltage.
(b) Frequency deviations in ke are at the channel frequencies,

ligible. On channel number 990 the frequency errors of the two crystal os-
cillators add. Figures 77, 78, 79 and 80 show the runs on these four channels
for monitor number 2 of five which were built. The width of the slot is also
indicated on these curves. The curves are plotted in parts per million which
can be converted to the channel frequency by multiplying by the appropriate
number of megacycles. The error will then be in cycles at the channel fre-
quency. The maximum frequency deviation for each channel is as follows:

Channel number 100 - 2.0 ke
Channel number 105 - 3.3 ke
Channel number 550 - 2,7 ke
Channel number 990 - 2,0 k¢

The above runs were made in the transmit position only, Table II shows
spot checksof frequency deviation for the receive position of the master
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oscillator frequency as well as the transmit position frequency. These checks
were made on the above four channels on all five monitors. The purpose of
these checks was to determine if the master oscillator receive frequency was
maintained with the same accuracy as the transmit frequency. The checks were
made at room temperature. The ambient temperature was not cycled because

the identical monitor circuits are used to maintain the master oscillator re-
ceive frequency as are used to maintain the transmit frequency. Therefore,
the master oscillator receive frequency should be as stable over the same
temperature cycle as the master oscillator transmit frequency. The table
shows that the receive frequencies were maintained with an accuracy comparable
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Figure 77.-Frequency deviation vs time during a cyclic
temperature run at channel 100, on monitor number 2, with
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to that of the transmit frequencies. The greatest deviation from an.allc-
cated channel frequency was 1.9 kc at 310 Mec.

Five identical monitors were built. Figures 81, 82, 83, and 84 show
the results of one run of frequency deviation vs temperature on each of the
other four monitors. The freguency stabilities obtained for these four
monitors are comparable to those of the first monitor tested. Thus the
curves are evidence that it is possible to reproduce the temperature stability
obtained with monitor Serial Number 2 without difficulty.

= TEMPERATURE

5 25 e = = 50 0
2 20 H A 400
% / \ oﬂj
[T A &
[ Yt T D R e 30'_‘_1
5 Y / o
s 9 \ f 20,
- \ SLOT WIDTH J o ©
5 = — = o >
: =Y b
& -g | Y~ [FrRequency oeviatioN /| 4= L — T 0%
[=] \ T LL’F,/”/ ’ E
5 10 T 20
z \ ;

W . 3 7 30
c h /

g -20| S 7 40
w N v

-25

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96 100 04 (08 112 16 2070
TIME (MINUTES)

Figure 79.~Frequency deviation vs time during a cyclic temperature
run at channel 550, on monitor number 2, with master oscillator at room
temperature, '
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Monitor Number 2 was also testea to determine its frequency stability
with variation of supply voltage. The tests were made at room temperature on
channel number 100. Table 3 shows the results of these tests. First, the
26,5-volt filament and oven heater supply were varied plus and minus 10 per-
cent with the other two supply voltages held normal. The monitor was allow-
ed to stabilize for five minutes at each voltase before the master oscillator
frequency was measured. No shift in frequency was noted. Second, the 150~
volt regulated supply was varied glus and minus 10 volts with the other
voltages normal. Here again, a negligible frequency shift occurred. Third,
the 225-volt supply was varied plus and minus 20 percent with the other
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Figure 8l1.-Frequency deviation vs time during a cyclic temperature
run at channel 100, on monitor number 1, with master oscillator at room
temperature.
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voltages held at normal values. In this case, the master oscillator did
shift in frequency. The shift at 220 Mc was plus 0.64 kc and minus 0.84 kc.
Finally, all voltages were varied in unison. The table shows that the fre-

quency shift at 220 Mc for this condition was minus 0.90 k¢ and plus 1.80 ke,

Since the maximum frequency deviation which is permitted for either the
receiver or the transmitter by the AN/ARC-19 (XN-1) specifications is *13 ke,
it is obvious that this monitor maintains the frequency well within speci-
fications and will do so for all channels. Since the monitor determines the
equipment frequency stability, these curves and tables are an excellent in-
dication of the performance that can be expected of the equipment as a whole.
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Figure 83,-Frequency deviation vs time during a cyclic temperature
run at channel 105, on monitor number 4 with master oscillator at room
temperature.
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TABLE III Frequency Deviation of Channel 100
Due to Voltage Variation in Monitor No, 2

A, Variation of the 26,5-volt supply with the 150-volt and 225-volt supplies
held constant:

Voltage Frequency Deviation
(Volts) (kc) (Parts/Million)
23.8 -0.20 -0,91
26,5 -0.20 -0.91
29.2 -0,20 -0.91

B, Variation of the 150-volt supply with the 26.5-volt and 225-volt supplies
held constant:

Yoltage Frequency Deviation
(Volts) (Ke) (Parts/Million)
140 +0,06 +0,27
145 +0.04 +0,18
150 +0,04 +0,18
160 +0,04 +0,18

C. Variation of the 225-volt supply with the 26,5-volt and 150-volt supplies

held constant:
Voltage Frequenc Deviation
chg (Parts/Million)

180 "00810- -3.82

240 -0,04 -0.18

270 +0.36 +1.64

300 +0.64 .91

D. Combination of voltage variation:
Voltage

26,5-volt 150-volt 225-volt Frequenc Deviation
supply m supply m supply m Zch (Parts/Million)
23.8 140 180 -0.90 -4,10
26.5 150 240 40,20 +0.91
29.2 160 300 +1,80 +8.18

Notes: Frequency deviations in kc are at channel number 100 (220 Me).
Measurements made at Standard Temperature,
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METHOD OF MEASURING CRYSTAL OVEN TEMPERATURE

The crystal ovens developed under contract for the AN/ARC-19 (XN-1)
were tested to determine if they complied with the temperature specifications
of the contract. The speclficatlons stated that the oven temperature should
not deviate more than ¥ 5° C from 70°C under Service Conditions. The succeed-
ing paragraphs will explain the temperature measuring setup used and the re-
sults obtained on two typical crystal ovens.

The equipment for testing the crystal oven temperature consisted of an
audio oscillator, audio amplifier, recording milliameter, thermistor, and
thermistor bridge as shown in Figure 85. The arms of the bridge were select-
ed to limit the current through the thermistor and to provide greater re-
corder accuracy for temperatures of 700 * 50 C, which are the operating

limits of the ovens.

It was desirable to have the calibrating point of the bridge near the
low temperature limit of the ovens; and, at the same time, it was also de-
sirable not to use the bridge null because of the difficulty of properly
setting the amplifier gain at the null. The bridge was initially balanced
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L7oo CPS ::
50-0-50

GCALIBRATE: Sl TO 560 &
ADJUST 0SC-
OUTPUT TO 50u A
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@ RECORDER. ESTERLINE - ANGUS
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THERMISTOR: BELL LABS.
NO. 163903
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Figure 85,-Thermistor Bridge Circuit for Crystal Oven Internal Temperature
Measurements
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with a resistor equivalent to the resistance of the thermistor at 50°C. The

calibrating resistor, 560 ohms, was selected to simulate the thermistor re-

sistance at approximately 65°C. This calibrating resistor caused a definite
unbalance of the bridge and allowed

080 > adjustments to be made to compensate

u for warmup of the amplifier. The

$ 70 L input to the bridge was measured with

7 1 the microammeter which permitted re-

5 [~ setting the audio oscillator. To

g e calibrate the s etup, the 560-ohm re-

- sistorvas switched in place of the

T ZOESTBEORLI‘:JOE-A?c(;useomv?:lo:so 010 thermistor, the oscillator output was

adjusted to 50 imicroamperes input to
Figure 86.~Calibration for the bridge, and then the audio am-
Thermistor Bridge plifier gain was adjusted to give

32-ma d-c output. The thermistor and
bridge were then calibrated by varying the thermistor temperature and noting
the recorder reading (Figure 86). The thermistor was mounted in a crystal
can and placed in the crystal socket of the oven. The carve of Figure 86 is
accurate to within ¥ 1/2 degree.

Curves for typical ovens are shown in Figures 87, 88, 89, 90, and 91.
Figures 87 and 88 show the warm-up of the typical ovens at room temperature
and also the variation in oven temperature with changes of ambient temperature.
Figures 89 and 90 show oven warm-up characteristics in a plus 50°C ambient
and warm~up in a minus 50°C ambient temperature. These curves also show
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