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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 Me. The fr~ 
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. All ten preselected channels can 
be set up in less than three minutes. The power output of 
the transmitter is 6reater than 4 watts over the entire 
frequency r~nge 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. 36R01-05. Work is continuing on the 
XCU-1 phase of the problem. 

vi 



PART I 

Equipment Development 

INTRODUCTION 

The Model AN/ARC-19 (XN-1) is an airborne multichannel communications 
equipment operating in the frequency range of 225 to 400 Me and providing 
876 channels spaced 200 kc apart throughout this ran5e. This equipment is 
the model developed from the initial proposals* for the design and develop
ment of an equipment of this type based upon the principles o! the British 
TR 1407 multichannel VHF communications equipment (100 to 130 Me)~~ 

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 multichannel system over former Gystems is 
the great reduction in the n~ber 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 ~overage of all 876 channels in the band 
from 225 to 400 Me plus the 25 channels from 220 to 225 Me using a total of 
only seven crystals including one guard channel crystal. The other six 
crystalsare used in the frequency monitor. A se;:;arate crystal was requir
ed for each channel in former systems. 

Another advantage of this system over former systems is the ease with 
t-Jhich preselected channels can be set up. The entire oper-ation 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 control box at all times 
and the ten preselected channel settings can be changed without tools at 
the control box while the equipment i& in operation in the air. No adjust
ments or alignments are necessar,y in order to change preselected c~annel 
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 £ through !h pag~ 150. 
~""* References .2:,, £, and .£, page 150. 
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2 '11lE AN/ ARC-19 (XN-1) 

The AN/ARC-19 (XN-1) is the first equipment of its kind coverin5 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 spacin5. 

The original design and construction of the pre-engineerinb moael of 
this equipment was done ~ntirely at NRL. The desi&n and construction of 
the preproduction models was done at NRL lvith the exception of the r-f 
circuits, motor-driven tuning assembly, and con~rol box, whicL were deai&n
ed and built by Bendix Radio, Division of Bendix Aviation Corpord~ion of 
Towson, ¥~r,yland, using the principles evolved at NRL. The case was con
structed by General Communications Corporation of Boston, Yassachusetts. 

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 hi~hest frequency involved, the tolerance at the 
monitor frequency, and the tolerance at the operatin5 frequency are &iven. 

The crystals fort he crystal oscillators are temperature controlleC1 by 
ovens. The ovens, crystals, and circuits are so desitined that when the cry
stal has be€n initially trimmed to the correct frequency, its frequency 
thereafter will not change more than plus or minus 0.001 percent under Ser
vice C~nditions. This tolerance includes drift due to tube changes and 
tube a~ing. 

The crossover frequency uf the discriminator may chan5e due to four 
causes. The first cause is chan5e inrem~erature. This ch~n5e is listed in 
the table as "drift" and must be held within plus or minus 0.1 percent or 
plus or minus 32 cycles. The second cause is tube a5in5, circuit v~riation, 
or change in input level. Thls chan.se is liated in the table as "shift". 
The third and fourth possible causes of chan&e are initial adjustmen~ ~nd 
changing polarity. These two chan5es are lumped to5ether and listed' on 
Table I as "adjustment error". 

The discriminator slot width is the ra~e over which the master oscil
lator can drift in frequency before the monitor causes the tunin6 motor to 
return the master oscillator frequency back to a point that is within the 
control range of the reactance tube. 

~llien all of the ~ximum deviations are added it is S€en 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 asswne that both the re
ceiver and transmitter have drifted to the maximum deviation of 13 kc 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 Me ±0.001 ± 150 ±_3.0 
Harmonic Spectrum Crystal 5 Nc .ZQ.OOl i: 20 *1.0 

I Total Crystal Drift Of 200 *4.0 
Discriminator Cross.over: 

±o.1o ± to.64 Drift 32 kc 32 
Shift 32 kc ±o.1o % 32 ±o.b4 
Adjustment error 32 kc ±o.11 ± 26 '*0.7_2 

II Total Discriminator Error i: 100 £2.00 
III Total Monitor Error I plus II % 300 ±6.0 

Discriminator Slot Width ± 350 *7 .o 
IV Total Frequency Tolerance ± 650 *13 .o 

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 kc, 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 transndtter and the re
ceiver, and the frequency of this oscillator is controlled by the monitor, 
all that is necessary in order to switchtrom 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-f, 
and this change canre accomplished in the discrL~inator 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 im~ge response to fall between channels. 

The i-f first chosen for the An/AHC-19 (XN-1) had a mid-frequency of 
45 kc. This choice was a compromise to elL~inate exces3ive microphonics at 
the low-frequency end of the passband and yet allow suffi'cient attenuation 
of the adjacent channels at the high frequency end oi the passband. The 
image frequency existed between the operating cho.nnel and the adjacent chan
nel. The i-f 6-decibel bandwidth was 60 kc to assure reception even under 
the worst conditions of drift of both receiver and transmitter. A model of 
this i-f v1as designed and constructed and tests were conducted to determine 
the performance characteristics. The frequency allocation is shown graph
ically in Fi5ure 1 for this i-f. Tests indicated that an i-f of this low 
freqtrency is not practical for a unit of light weight and sm:ill 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-



4 AN/ARC-19 (XN-1) 

cided to locate the i-f at a higher frequency such that the image would fall 
between the adjacent channel (n + 1) and the next adjacent channel (n +2). 

r-•oo<e 
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. 

CHANNEL 
I? 

IMAGE c~A~~EL The center frequency of the i-f 
,.__--90KC 

:i:30KC 

RECEIVER 
PASS BAND 

osc. 

~ 
RECEIVER 

IMAGE 

Figure 1.-Frequency Allocation 
for Receivar with 45-kc I-F 

characteristic must be determine;d in 
such a way that a practicable attenu
~tion 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. 
Juppose, first, that the ima5e is 
placed midway between channel (n +1) 
and channel (n + 2). The image fre
quency will then be 300 kc above 
channel .!:!1 and the i-f must oe 150 kc. 
The frequencies at the 6-decibel 
points will be 150 kc ± 30 kc \-.rhich 

will equal 180 kc and 120 kc. The maximum transmitter drift plus modulation 
is plus or minus 17 kc, and the m.axi~num receiver oscillator drift is· plus or 
minus 13 kc. 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 transmitter and receiver. Hence, the 
maximum 80-decibel bandwidth is ± 70 kc 
and the SO-decibel points on the i-f 
selectivity curve will thus be 150 kc ± 
70 kc which will equal 220 kc and 80 kc 
The attenuation ratios in this case 
will be 220 = 1.2 and 120 = 1.5. 

180 80 
Hence, the center frequency of the i-f 
is not symmetrically placed between 
the 80-decibel points so as to produce 
equal attenuation ratios on either sidE 
of the selectivity curve. 

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 

CHANNEL CHANNEL CHANNEL 

n~ ~f 200ln+ 2 

IMAGE 

2

""1l osc. 

---1 
J L J LJ L J L J L 

.t.SOKC .t.tSKC :i:t7KC :i:t3KC 2:17KC 

f 

Figur~ 2.-Frequency Allocation 
for Receiver with 143-kc I-F 
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can be determined by equating the attenuation ratios. Hefer to Figure 2 
and assume that the receiver is operating ·on channel a• The ima6e will be 
placed between channel (n+l) and channel (n+2). The center frequency of 
t~e i-f is designated as f; hence, the distance from channel a to the ima6e 
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 kc. The transmitter frequency drift plus modulation is plus or 
minus 17 kc. First, .assume that a transmitter is operating on ~hannel 
(n+l). 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 ma.xi.mum 
drift of the ima~e, this fr.equency difference is reduced to (2f-200-17-13) 
kc or (2f-230) kc below the i-f center frequency. This must be the lower 
SO-decibel point of the selectivity curve. Since the 6-decibel points have 
been Get at (f plus or minus 30) kc, the attenuation ratio of the low fre-
quency side of the curve is t-30 • Next, as~ume that a transmitter 

f-(2f-230) 
is operating on channel (n+2). The difference frequency between the image 
and channel (n+2) 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 ~r (370-2f) kc. The upper SO-decibel point 
on the selectivity curve must then be f+(37D-2f) kc, arid the upper attenu
ation ratio will be ft{37Q-2f) • These attenuation ratios are set equal 

f -+- 30 
and solved for f, as: 

f-30 
f-(2f-230) = f+(3?0-2f) 

£+30 

f = 143.33 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 tme 
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 Me, to the 
highest frequency channel (channel number 1000) 400 Me. The limits of the 
allocated frequency band are 225 Me and 400 Me. 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 Me. 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 Me) to channel number 1000 (400 Me), but in 
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this equipment channels below channel number 100 (220 Me) 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, provision 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 6Uard channel transmission and one labeled M for man
ual selection of any one of the 876 channels desired. 

A separa~e, fixed-frequency, 6Uard 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 ct,mospheric 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 d1iver 
stages in the transmitter modulator. 

A table of dimdnsions and wei~hts of all components is included in this 
report ( page 10~. The complete equipment is shown in Figure 3. This fig
ure shows the complete equipment consisting of the transmitter-receiver unit, 
antenna, junction -box, two headphone-microphone jack boxes, control box, micro
phone, heauset, 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 dYflamotors, blowers, heat.exchan5er, 
power relay, antenna relay, transmit-receive relay, altitude Jain 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 ins ide the case can be 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 seoa-
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r ate sub-assemblies. These units are mounted on the main deck. Figure 6 
shows the unit from the right side. The receiver i-f chassis i s mounted on 
the maio deck on this siJe 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 driveu by 
the motor a re mounted on the same casting with the motor and tunin5 drive 
assembly. 

The left s i de of the unit is shown in Fi5ure 8. The monitor unit is 
mounted on this side opposite the re·ceiver i-f chassis. The method of 
mountin5 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 ed5e 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 t o a plate which is fastened 
to the head by four screws. This plate is provided with two disconnects . 
The four- terminal disconnect is f or dynamotor voltages. The large discon-

JUNCTION 
BOX 
+ 

Figure ) .-Complete Equipment 



Figure 4 .-Tra.nsmi tter-Receiver Unit with Cover. Figure 5.-Right Side with Cover Removed. 

Figure 6.- Right Side with Cover Removed. Figure 7.-Bottom View with Cover Removed. 
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Figure 8.-Left Side with Cover Removed Figure 9.-rop with Cover Removad 

Figure 10.-Bcttom •ith Bead Removed Figure 11.-Top, Head Removed 
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10 THE AN/ARC-19 (XN-1) 

nect is for all electrical connections between the head and the main deck. 
The dynamotors are shock mounted on the bulkheaa plate and the internal blOl 
er rotor is mounted on the receiver dynamotor shaft. This blower operates 
at all times that the equipment operates. Figures 10 and' ll show the head 
unit and the main deck separated to show the dyna~otor disconnecto 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 throuJh the 
external surfaces of the heat exchanger. The external blower is controlled 
by a snap-action thermostat mounted at the rear of the rr~in deck. When the 
temperature of the air inside the c~se at the rear of the main deck reaches 
40° C, voltage is applied to the external blower thr6u3h the thermostat 
switch. The external blower and the external view of the he~t exchan~er 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 scre~n volta~e on 
the second stage of the i-f. 

A power plu5 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 o.nd the other is to permit 
the use of an AN/ARR-2 Homing Receiver on tr.e 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 fibure are 
the transmit-receive relay and the power relay. 

The main channel receiver r-f circuits are shown at the top left in 
Figure 14. 

Figure 15 shows the main deck with the monitor chassis and the receiver 
i-f chassis removed. There are two sprine; 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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ALTITUDE 

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 
siw~lar view of the monitor chassis 
with the relay box cover r e.100ved is 
shown in Figure 20. '!he wiring side 
of the monitor chassis is shown in 
Figure 21. 

Figure 13 . -Rear View of Head 
Unit with Cover Plate Removed 

11 



Figure 14.-R-F Deck 

Figure 16.-Top View of I-F Chassis 

Figure 15.-Main Deck with Monitor Chassis 
and 1-F Chassis Removed 

Figure 17.-Top View of I-F Chassis with 
Relay Box Cover Removed 
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Fi gure 18 .-Bottom View of I-F Chass i s 

Figure 20.-Top VieN of Monitor Chassis with 
Relay Box Cover Removed 

Figure 19.-Top View of Monitor Chassis 

Fi~ure 21 .-Bottom View of Monitor Chassis 
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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 uni.t 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 2.4 with the channel ihdicator attach
ed. All S76 channels i n the 225 - 4oo-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 999) is shown in the three windows of the channel indicator unit. A 
volume control i s 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-positior1 switch a t the lower left-hand corner labeled 
"ma.in-guard-both 11 permits the operator to select the guard channel recei ver 
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 ITTER R-F ASSEMBLY 

• ! 

() oti~GUARO C~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. 

15 

The channel indicator is a separate unit and can be placed anywhere in 
the plane or several can be used at ~ifferent positions if desired. Figure 
25 shows the control box and the· channel indicator unit separated. Both of 
these units were designed in such a way that they can be mounted in a con
sole rack. ~he control box and indicator unit are pressure sealed and a 
desic;cant cartridge is inclosed, see Figure 92. 

TRANSMITTER DEVELOPMENT 

The initial developnent 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 stagee: 
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 circui~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 ad~tion, a remote-

Figure 2.4.-Control Box and 

Indicator Unit 

control box with a complicated planetary 
gear system was required. Shop facilities 
of the Laborator,y 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 redesig11ed 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 

First Doubler 
Second Doubler 
Final Amplifier 

in push-pull 
1 type 2C39 
1 type 2C39 
1 type 2C39 

• 

l ::.: I -
·"? 

• • tn 

--N 

-.. 
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) 
Modulator 
Speech I.imi ter 

2 type 6BA6 (in push-pull) 
2 type 6hQ5 (in push-pull) 
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.) A separate condenser g~ng ~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 ~r 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 secondany winding on the modu
lation transformer converts a small amount of the modulator output into a 
negative d-e grid bias for the amplifier stage. A positive delay voltage 
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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 ~ith
out producing modulation levels in excess of 100 percent. An 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 DEVELOP!'~ 

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 3D-percent modulated input 
signal. It was necessary to provide a flat receiver bandwidth of' at least 
60 kc while maintaining a 140-kc bandwidth at the So-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 previous~ 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 1811

1 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 sq~elch 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 11K11 and a half 
section of series "M" derived to hold constant input impedance over the pass 
band of 15 to 75 kc. 

Operation of the composite i-f audio strip showed that inherent de
ficiencies would prevent its use in the AN/ARC-19 (XN-l) 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 lo~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 audio 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 ~ere 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 
stages alone was fair and the i-f would pass a JOQ-cps square-wave modulated 
signal with very little distortion. 

The ma~ defects of the l!rto 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 (n+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 kc at the So-decibel points. 

A model~as 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 14~", 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 li- inches in diameter a.nd 2 inches high. 

The operation of this i-f amplifier at high input levels was considerab~ 
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 rapid~ as in 
the 45-kc i-f and would allcw the operation of a clippin5 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 ~hich microphonics were prevalent. 
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A model of the guard channel receiver 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 2-3/411 x 7~". 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 WdS 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 
Bendjx 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 
Main Channel Mixer 
Guard Channel r-f Amplifier 
Guard Channel Mixer 
Guard Channel Oscillator 
Main Channel 1st i-f Amplifier 
Guard Channel lst i-f Amplifier 
Second i-f Amplifier 
Third i-f Amplifier 
Detector and Noise Limiter 
First a-f Amplifier 
a-f Output 
AVC Diode and Squelch Diode 
Rough Regulator 
Squelch d-e Amplifier 
Squelch and Radio Relay 
Gas Regulator (150V) 
Regulator d-e Amplifier 
Regulator (150V) 
Regulator (150V) 

6F4 
6AK5 
6AK5 
6AK5 
6AK5 
6AK5 
6AK5 
6AK5 
6AK5. 
6AL5 
6AK5 
2516 
6AL5 
6J6 
6AK5 
6J6 
OA2 
6AK5 
25L6 
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 direct~ to the mixer cathode across an r-f 
choke. The r-f signal input applied to the control grid is mixed with the 



RLTITUDE 

6/1/N 
CONTROL 

FIRST 

RUD/0 
FlMPLJFIER 

N015E 
LIMITER 

,.. IOETECTORI• •• 

St;)UELCH 

~----------------------~~ RR0/0 
RELRY 

I• I SQUELCH H SQUELCH~ 
FIMPL!FIER DIODe 

T/-1112D 

H IF 
f?MPLIFIER 

~ R. V. C 

SECOND 
IF 

llMPLIFIE/2 

' 

w 
TO MOTOR FROM M/15TER 05C/LLI7T~ 

FII25T 
.IF 

11MPL/FIER 
MIXER 

,--------,---
~/ I l O£WC 

I RF I 

•11MPL!FIER 
'MR!N"' 

I MR!N" 

F/!<5T 
R.F. 

~11NTENNR 
.SWITCH ~ 

L-..-...f .: F 
RMPL!FIERI• I MIXER I• I RMPL/f:."/ER 1--

'/:;URRD'' 

GU/1RD 

CHRNNEL 
CRYSTRL 
05C!LLRTOR 

'tsURRD" 

TO TR/1NSNITTER 

Figure 28.-Receiver Block Diagram 

l\) 
l\) 

5! 
t?j 

> 

~ 
~ 
0 
I 

1-' 

"' 
~ 

I 
1-' 
~ 



R27D 

~( ~ 

h ~~~~~~~~~ ~~~~~~ 
ZNIJJI: 

vzozji.rc.7: 
12::~" 

ttt.r.; 

~r 
rl6.f II 

L-

~otA 

1?218 R~ 

1-!lSII_ 

~ A§ 
Yl/4 lZ/4 Y/IS n;S 

~~{L1-.1.11J ~R il'~ ~~ ~~ ~Jf'.!'6.6 
-------" ~ ~ ~~ ~: 11~ 1 

II rr 'l~.-rll11imtr t r 

Figure 29.-schematic Diagram ot I.F. and Filter Assembly 

V.!Oii.q 

J 

V21Jl~4 

~rs 
- -:- -=-

li'N7 

1i'l3Z 
1(/()2 

r-

)ltz!3 

+-

ll'"iM 

R~ 

; I r:C:; 

vawc~l;t~ 
-=- -} ~ = 

~ 

I 
~ 
bl:2 

~ ; 

~ 



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 produce a better signal
to-noise ratio than when using a conventional mixing frequency. 

The guard channel is fixed-tuned, but may be trimn1ed over the frequency 
range of 275 to 285 Me by a screwdriver adjustment of triiruner 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 
i-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-tur,ed before assembly, then covered with three coats of 
Glyptol baked on separately. 
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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 transformersdiffer 
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 output transformer differs electrically 
from the interstage transformers only in the resistor loading of the coils. 
The input and output coils of each transformer 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 301 000 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 6ain 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-e amplifier 
and fed to the grid of the squelch tube. If the grid voltage is sufficient 
to overcome the positive cathode bias vol~ge, the tube will be brought into 
conduction and the plate circuit relay will be energized. A squelch disable 
switch in the cathode circuit of the d-e 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 circuit relay to be 
energized. The relay has two functions; squelch action and mdio relay oper
ation. The lo~ side of the audio output transformer is connected to one con
tact of a S.P.S.T., norma~ open set of contacts. The other is grounded. 
When the relay is energized the contacts close, the audio circuit is co~ 
pleted to ground, and the audio signal ~ be heard in the headset. 

Radi-o relay operation may beat 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 !our leads be coupled between unit 
# 1 and unit # 2 as shown in Figure Jl. It is necessary that the remote 
boxes be set !or 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 considerab~ over line
of-sight distances. 
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A S.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. lf 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 ll 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 h 2 may receive a signal and 
cause unit # 1 to transmit. 

R-F DIVIDER DEVELOPMENT 

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 Me becomes 11 to 20 Me 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 cGndenser 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 1403, tuning 
condenser C402B, and capacitive trimmer C406. Output from this tank circuit 
is capacitively coupled to the 6rid 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 14011 tuning condenser C402A, and capacitive trimmer C403. This plate 
tank frequency is fed back to the control grid of V402 through 0405. 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 1403. The coils of both mixer and divider plate circuits may be 
tuned by iron slugs for tracking and alignment purposes. 

R-F DIVIDER, TRANSNITTER, Al~D RECEIVER ALIGN~ZNT 

R-F Divider 
The r-f divider must be properly aligned so that the tuned circuita 

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 disconnectin6 ~he clutches 
which is done by removing the leads from terminals 4, ?, and 8 of the terminal 
strip, located on the r-f deck, and by unsolctering 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 ~he main shaft of the motor drive system for 
this purpose. Power is then applied and after tube wa~up the shaft is 
rotated to set all condenser gangs to the high-frequency end of the tun~ 
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 Z310 
in the monitor unit. 

Adjustment of the capacity trimmers C403 and C406 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~immers 1401 and 1403 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 re~oved. lf 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 ran5e, 
it is necessary to rrake slight adjustments of the oscillator tunin6 to pro
vide tracking of the oscillator and divider circuits. It might also be 
necessary to replace aged first doubler, master oscillator, or diviJer 
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. lt 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 trackin~ is 
satisfactory. 

Receiver 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 trimmer 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 cirru its but the method of 
alignment is the same as above. However, it is necessar,y to adjust L604 of 
the crystal oscillator tuned circuit until maximum d-e voltage is read at 
test point TP601. Then 1604 is adjusted to the gentle slope side of the 
resonance curve until approximately three-fourths of the maxUnum d-e volt
age is observed at the test point. This completes all reeeiver adjustments. 

POilER SUPPLY 

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 approximate~v 225 volts for the receiver and monitor, and 
approximately 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 rou5h 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, b~t 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 withinCJ 
three volts of 150-volts for all changes of primary supply voltage and for 
changes in load conditions caused by switching from "receive" to "trahsmit 
voice" or "transmit tone." A potentiometer is provided to adjust the re-
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Figure 32.-Block Diagram of Power .Supply ana. Filters. 
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Figure 34.-Dynamotor regulation 
and rough regulator operation of AN/ 
ARC-19 (XN-1), Serial No. 4, at room 
temperature and under normal load 
conditions. 
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gulated voltage to the desired voltage level during the initia~ adjuGtments 
of the equipment. The 150 volts is effectively filtered before use in the 
monitor circuits. 
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The rough regulator sta~e consists of a triode having a regulated 150 
volts applied to the cathQde, the 225-volt dynamotor output applied to the 
plate through a 6500-ohm, 10-milliampere relay, and a d-e supply on the grid 
derived from a voltage divider across the 225-volt Qynamotor output. The 
position or the grid tap on the voltage divider aetermines the dynamotor 
voltage level at which the triode grid voltage will approach the cathode 
bias and cause the triode to conduct. When the primar,y SQpply volta6e is 
increased, the ~otor 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 22Q-ohm resisto~ 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 the receiver 
dynamotor is relative~ independent of the receiver ~tor voltage. The 
addition ot the low value resistor in series with the receiver load causes 
the rough regulator output voltage to parallel approximate~ the dynamotor 
output voltage but at a lower level after the relay has been energized. The 
current load of the transmitter Q7namotor is dependent upon the dynamotor 
voltage and increases with increase of voltage. At tbe instant the relay 
is energized, and the resistor is inserted in aeries with the transmitter 
dynamotor load, the dynamotor voltage ia 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 
Toltage drop appears across the dynamotor. 

The 225-volt filter consists of a n 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 
~he 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 2516 tubes which are conLected essentially as triodes. 
The grid bias of the regulator amplifier is obtained from the regulated !50-
volt output bus through a voltage divider. Any slight chan5e in the re
gulated 150-volt output will cause a corresponding chan5e in the current of 
the regulator amplifier which will then control the grid voltd5e of the type 
2516 tubes to counteract the initial voltage error (Figure 29). 

JfONITOR DEVELOPMENT 

The monitor is the heart of the AN/ARC-19 (XN-1). It performs two vital 
!unctions. First, the monitor causes the~ansmitter-receiver to tune to the 
channel frequency selected at the control box. Second, after the transmitter 
and receiver are se~_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 
or 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 control over the master 
oscillator and is known as the Mechanical Frequency Control (~WC). The 
second means is a fine control over the master oscillator and is Cdlled 
Electronic Frequency Control (EFC). The system block dia5ram of Figure 35 
indicates the electrical and mechanical connections between the receiver, 
transmitter, monitor, and the control box. 

The master oscillator is a self-excited oscillator which tunes from 
55 to lOO Me. This oscillator provides excitation fer the remainder of the 
transmitter and also provides a local oscillator injection volta6e for the 
first mixer of the reciever. All r-f circuits in the receiver, transmitter, 
and divider are ganged and tracked on a oommpn 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, 
ali other r-f circuits will also be tuned to the proper frequency. lt 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
~ttar-a.nd receiver assume the selected channel frequency is de.pendent 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 transrnitter 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 tho.t of 
causing the motor to drive the transmitter and receiver from one cha.nnel 
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 important. 
Preferably, the number of crystals should be reduced to a minimum and the 
crystals in all equipments should be identic~l 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 
number 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-di6it, 
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 uarkin,.s 
every ten channels. In the same !ashion 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 functio~ 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 countin5 units, but rather selectin6 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 tne 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. lt 
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 furth~r 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. 

35 

The hundreds and tens counting is done with separate 12-positions rotary 
step switches. These switches are \~ired 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 beginning of each countin5 operation to preset each rotarJ steppin6 
switch a number of positions equal to 12 minus the number to i1e re0is~ered. 
The reason for establishing a finish position on each of the two rotary 
switches is to make it possible to do certain necessary switchinJ at the 
completion of the hundreds count and also at the end of the tens count. A 
third rotary stepping switch is used in the monitor to select the units di5it. 
This switch, however, is preset directly to the desired position. 

The block diagram of Figure 35 shows that the qutput frequency of this 
eC!_uipment extends from 225 to 400 Me. The master oscillator operates at one
fourth this frequency or from 55 to 100 Me. The aiagram indicates an r-f 
divider circuit between the master oscillator and the monitor. The 1naster 
oscillator drives this divider to produce a frequency of one-fifth the master 
oscillator frequency supplying the monitor with a sign~l varyin6 from 11 to 
20 Me. This reduction in frequency was provided to simplify the monitor de
sign. lt is therefore eviaent thQt tne monitor operatts on a si5nal which 
is exactly one-twentieth of the equipment output frequency. The channels are 
thus spaced 200/20 = 10 kc apart at the monitor operatin6 frequency. Ten 
channels will occupy 100 kc of the band and 100 channels will occupy 1.0 Me 
of the band. 

Channel number 100 coFresponds to 220.0 Me at the output frequency and 
to 11.0 Me at the monitor frequency. Since the channels are spaced 10 kc 
apart and channel number 100 corresponds to 11.0 Me, all of the rema~n~ng 
channels will fall on integral 10-kc points throughout the band beginning 
at 11.0 Me. 

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 Me and 100 kc apart, respective~. These mark
ers begin at 1.0 Me and 100 kc, respectivelY, and extend in frequency beyond 
five Me. The spectrum and the signal tram the r-r 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 l.Q-Mc or lQO-kc point in the range of 11 
to 20 Me when the divider output signal varies over the 11 to 20 Me range. 
For example, if the r-f divider output is 11 Me and the hundreds spectrum 
is switched on, the first mixer output will contain a series of beat fre
quene,y signals which are the sum and difference frequencies of the snec
trum markers and 11 Me. They are: U+ 5\= 16 Me, ll +4 •15 Me, U +3 = 14 Me, 
etc. to 11- 5 ~qua.ls 6 Me. Since the i-t amplifier has a :resonant frequency 
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of 15 Me, the only signal to pass through this amplifier will be the 15-MC 
beat frequency; all others will be rejected. ~imilar~, if the r-f divider 
output is 12 Me, one of the beats will be 12 + 3 1·1c or 15 Me and will pass 
through the amplifier. Therefore, it is apparent that for every inte5ral 
megacycle betweerl 11 and 20 Me, 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 Me, 
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 freque11cies ~hich add or subtract to produce the 
15-Mc beat frequency which passes throu5h the 15-Mc i-f amplifier. Every 
hundredth channel is therefore marked, and a response will be obtained from 
the i-f ~plifier for ever.y marker when the master oscillator is driven 
from one end of the ba.n_d to the other. 

The output of the i-f amplifier is coupled t.o the second mixer \'Jhere 
this output is mixed with a signal from a reference oscillator. This oscil
lator is crystal controlled and operates .at a frequency of 15.025 Me, this 
frequency being one of five operating frequencies. Thetwo signals mix to 
produce an audio output which varies from a high audio frequency throu5h 
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 Me as shown in Figure 39. The audio 
signal is next amplified in the audio 
stage and then rectified. The recti-
fied d-e voltage is applied to the 

Q 

grid of a tube which has two relays ~ 

in its plate circuit. A set of con- !i 
tacts on one relay actuates the hun- ii 
dreds rotary ~tepping switch (utepper~ Ia 
Each closure of the pair of contacts 
causes the stepper to progress one 
position forward. Thus it is possi-
ble for each audio response to posi-

1&0 ICC OICC AUDIO FRIEOUIENOY 
IN ICC 

tion the stepper one position forward 
and to register each hundreds-marker 
as the divider output frequency sweeps 

Figure JS.-s~cond Mixer Audio Output 
Response Characteristics 

DIVIDER OUTPUT 
trREQUENCY IN ltiC. 

Figure 39.-Second Mixer Audio Output Response vs Diviaer 
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 bic.sed so that the rectified audio 
signal must rise to about 12 volts before the relays will close. Fi5ure 40 
indicates the rectified audio signal that is applied to the grict 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 tiine that the relays 
are energized. 

The speed at which the markers are registered is irn1)ortant. This speed 
should be as high as possible v.ith reliable counting so that the equipment 
channelization time shall be a minimum. The factor which limits the count-
:i ng speed in this system is the stepr-'ers. The 12-position rotary step!Jers 
manufactured by Price Brothers Company have a maximum speed at aoout 20 
positions per second when drivin5 a load of two or three wafer switch stacks 
and wh~n bein~ energized by a 50-percent duty cycle. A decrease in the duty 
cycle of the stepper driving voltage or an incrtase 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 w~fer load kept small 
for maximum positioning speed. Since the steppers are the limitin5 factor 
in counting speed, the monitor nrust be aesi~ned around this limiting factor. 

The i-r amplifier bandwidth determines the duty cycle cf the audio 
signal which actuates the otepper 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 50U kc. 
This bandwidth would result in a 50-percent duty cycle for the hudio si0 nal 
which then would be present for half the time as the r-f di~ider out~ut fre
quency changed from one me6acycle point to the next. 

The speed at which the motor drives the ma5ter oscillator from the low
frequency end of the bcind tow~rds the hi6h-frequency end durin5 the hundreds 
count rnust also be controlled. This speed must not exceed 20 megacycles per 
second at the monitor frequency or the s~eppers will not follow reliably. 
The gear reduction ratl.o between the motor and fast speed for the hundreds 
count can be determined with re6ard to this limitation. Assume the motor 
speed to be 10,000 rpm and that 180 degrees rotation of the master oscillator 
tunin5 condenser will include the total band of frequencies. Also, as~ume 
that instead of countin5 20 markers per second, only 10 markers per second 
be counted to insure reliable counting even under adverse conditions of 
temperature and primary volta6e. Ten markers will be p~ssed for one-half 
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Figure 40.-Signals at Trig~er Tube Grid. 
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revolution of the master oscillator condenser gang. Therefor~ the gear 
ratio is 10,000 = 333. 

6o x i 
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 ot the monitor which shows the circuits neces
sar,y for the tens count as well as those used for the hundreds count. Before 
the tens count is begun the exact frequenc~r in the band to begin this count 
must be determined. Since the audio signal 5enerated 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 cr-ossover frequency selected VdS 25 kc. This low cross
over frequency was chosen because a low discriminator frequency results in a 
small frequen~y 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 r-esult 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 
ol' 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 cha. nnel number 400. Since the channels are n~b~r~d. from channel nwnber 
100 must coincide with 11.0 Me. Also, since the channels are spaced 10 kc 
at the monitoring frequency, one hundred channels will occupy 1.0 Me of the 
band and channel number 200 ~~11 therefore coincide with l2 Me, 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 Me. The d-e 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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!inish of the next-to-the-last count, the grid 'Will be switched to the dis
criminator output. The waveform shown fOr the lasl. hundreds-count is the 
discriminator curve traced out twice. The curve is trac~ 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 ~ £, 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 count~1g 
and is de-energized only in the presence of a signal. Of course, at the co~ 
pletion of the counting process the stepper ia again 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 t.he hundreds 
wafers to the finish position so that the tens counting can begin at point 
d which is 13 Me. The condenser shaft speed is reduced to medium speed at 
point ~ but the tuning speed in kilocycles per second 1~ still great enough 
so that the spacing between £ and ~ must be an appreciable amount. The high 
frequency audio response is cut off at 100 kc b,y the filter preceeding the 
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discriminator. The filter therefore fixes the space between point c and 
zero beat at 100 kc and the distan~e between £ and crossover at point g as 
75 kc. The audio signal could have been fed through the 50-kc filter to the 
discriminator. The distance between c 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 bad when even hundreds channels were selected 
such as channel number 300. When such a 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 ! will be reached before the 
hundreds stepper moves and a miscount will occur. 

~ben the hundreds stepper arrives at the finish position, SWl and SW2 
of Figure 41 are ·.witched. This operation substitutes the tens-markers for 
the hundreds-markers and feeds the audio output of the second mixer through 
the 5Q-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 al8o during the tens count. The transi-
t. ion !rom the hundreds waveform of Figure 45(a) to the tens waveform of 
Figure 45(b) takes place shortly after passing point £• Therefore, since 
the tena wave.f'ora replaces the hundreds waveform, the points £, g, and £ also 
~7 be transferrea. Several audio frequencies will be present in the second 
~er 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 5Q-kc filter 
was placed at the input of the tens audio amplifier to reje.ct all but the 
primary audio beat f;requency. This beat frequency will vary from 50 kc 
through zero beat back to 50 kc, and this cycle will repea~ for each tens-
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marker. The cycle actually begins at 25 kc, because when the divider output 
frequency and a marker frequency beat to produce an i-f signal of exactly 15 
Me, 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 Me. 
The complete cycle will be as follows: 25 kc - 0 kc - 25 kc - 50 kc - 25 kc. 
Point s! on Figure 45(b) is the starting frequency for the first tens count. 
The audio frequency is 25 kc and corresponds to the divider output frequency 
of 13.000 Me and channel number 300. One 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 Me. The tens stepper is ener5ized at the 
start of the tens count. 

When the trigger-tube grid is driYen 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 t~e during which the tens stepper is 
energized~ Point ~ 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 re6istered at point 
~ and the fourth count at point ~· 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 tri6ger 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 
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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 discri.rninator output voltac;e 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 ~ and point h· The discrimina
tor output voltage will be positive and \"<~ill cause the motor and reactance 
tube to change the divider output frequency to point h or 13.400 l·'ic. If the 
divider output frequency should over-shoot point h and approach point ~' the 
discriminator will produce a negative output volta5e 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-
14tor for small drifts in frequency. If the drift should be lar5e 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 ~ter os
cillator will be driven towards point h no matter where its frequency may lie 
if this frequency is anywhere between & and ~· 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 frequency 
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 cha.nnel 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 para5raphs. 

viith the example previously cited where it was show1l bow 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 output frequency can be accomplished 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. lf the audio signal is not 25 kc, the automatic fre
quency is 25 kc. Figure 47(a) shows the fourth tens-count cycle of Figure 
45(b) enlarged several times. Point h corresponds to channel number 340 in 
both figures. Channel number 340 was-obtained with a reference frequency 
of 15.025 Me. lf this frequency is ma1e 15.035 Me, the divider output fre

quency will also have to shift 10 kc so that it will then be 13.410 He. which 
is channel number 341 and point jon 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 cr,ystal 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 1D-kc steps from 15.025 
Me through 15.065 Me 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 
DQmber 345 for a reference frequency of 15.025 Me. If the same crystal ref
erence frequencies are again used channel numbers 345 through 349 can be 
obtained. 

In order to make the channelizat·ion process clearer, t'WO 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 cr.ystal, to the reference oscillator ahd 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 place. 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 hi~h 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 fron1 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
criminator 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 para5raphs. The master oscillator is used 
for two purposes as previously mentioned. First, during periods of trans
mission, it is used to excite the remainin~ std&es of the transmitter. Sec
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 naster oscillator is 
shifted approximately one-fourth this amount or 35 kc because it operates at 
one-fourth the equipment operating frequency. No multiplier sta5es 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 desisned 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 kc, the master oscillator needs to 
be shifted only 35 kc. 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 chan6es in 
frequency, the master oscillator will be £orced to chan5e exactly the same 
amount. rwo 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 rr~ster oscillator, 
the crosscver freque~cy will have to be moved unly 7 kc hi5her in frequency 
to cause the nlaster oscillator to shift 35 kc. The process of switching 
from transmit to receive is slinple. 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 trar.sition from transmit to receive involves other switching as well as 
that in the monitor, such as de-ener5izin5 the transmitter dynamotor, antenna 
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change over, and applying B plus to the receiver i-f sta5es. 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 400 Me is plus or minus 13 kc. 

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 the example in which channel number 340 was selected. The 
divider output frequency, which is the master oscillator frequency uivided by 
five, will be 13.400 Me for channel number 340. This signal mixes with the 
1.600-Mc marker of the tens spectrum to prouuce a 15.000-Mc si6~1 which pass
es through the i-f amplifier. The 15.000-Mc signal is in turn bedt with the 
15.025-Mc reference frequency to give the 25-kc audio beat frequency to drive 
the discriminator. In Figure 48 the tens spectrum with markers or beats 
spaced 100 kc apart is shown as a line extendin5 between ! and ~· The spectrum 
be6ins at zerc frequency at ~ and extends up in frequency to five Me at !• The 
spectrum, of course, extends to the right of B as well as to the left. Point 
Q represents the n~ster oscilLator frequency.- It may lie anywhere between 
11.0 and 20.0 Me. In this exan~le, it is assumed to be 13.400 Me. Point 
£ represents the 15.000-Mc resonant frequency of the i-f amflifier. The 
point Q represents the reference frequeacy and the distance ~ 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 60Verned by the monitor. Therefore, it may ue 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 IllUCh of the spectrwn is used, 
the absolute discriminator frequency, and the absolute reference frequency. 
The dia5ram makes it clear how the master oscillator frequency may be moved 
one channel or ten channels. hovin6 the reference frequency by 10 kc will 
cause the master oscillator to go one channel hi~her or lower and setting the 
master oscillator on one less spectrum marker will cause the master oscilla-, 
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tor to chan5e 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 stG.bility 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, particblar 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 stability deterxining parameters of the equipment. The 
maximum deviation at the monitor frequency will be plus or minus ~3 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 hi5hest spectrum frequency used is 5.0 Me, 
the spectrum stabilizing cr,ystal oscillator has been allowed a maxin1um error 
of plus or minus 50 cycles at 5.0 Me. Likewise, since the reference crystal 
oscillator operates at 15.0 Me, it has been allowed a total frequency error 
of plus or minus 150 cycles. This leaves a total of plus or minus 450 cycleb 
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 frequency 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*1s 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 ·Me apart or 100 kc 
apart extending in frequency to beyond 5 Me. 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 o£ markers. This 
oscillator consists of tube V305, transformer T301, and a means of synchro
nizing the oscillator at a repetition rate of either 1.0 Me or 100 kc. Trans
former T301 is critically damped. The coupling coe!fieient, turns ratio, 
distributed capacity, and inductance of the transformer were so selected 
that the oscillator output pulse had a width of 0.15 #8 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 
Me or 100 kc. 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 0.001 percent in fre
quency, is a crystal-controlled oscillator. The frequency of the cr.ystal 
oscillator could be either 100 kc or 1.0 Me; 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 satisfactor,y 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 kc 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 ~portant 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 crystal 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 cr,ystal ovens with suitable characteristics were available, so a 
contract was let to develop ovens for this equipment. 

Variable capacitor 0312 allows the crystal oscillator frequency to be 
adjusted to exactly 500 kc. This adjustment is necessar,y to overcome the 
small differences in the natural resonant frequencies of the cr,ystals as 
th~ come from the manufacturer and also the variations in oscillator cir
cuit characteristics from one equipment to the next. 

'!he selection of 500 kc 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 synchroniz~ the same blocking oscillator at 1.0-Mc repetition 
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-C'J 

Figure 53. -ceystal Ovens 

frequency. The circuits provid.ing the two SJDChronizing signals are fairq 
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 ceystal oscillator. Com
ponents IJ0.3 and 0.322, in the plate circuit .of the amplifier, are resonant 
at 500 kc. Components !.302 and 0.319, located in the screen ot the amplifier, 
are resonant at 1.0 llc. This circuit is the soUI"Qe ot the 1.()-)(c 81J1Chro
nizing signal used at the blocking oscillator. The capacitor 0.321 couples 
the sig.nal trom the 1.0-Jic resonant tank circuit to the grid winding of t he 
blocking oscillator through switch 8.301. 

stray capacitance to ground plus 0.321 and resistance 1614 determine the 
natural repetition rate ot the blocking oscillator. This repetition rate is 
set somewhat lower than 1.0 Me so that the blocking oso11lator ~ be S,7D
cbronized at 1.0 Me. The Soo-kc signal at the plate of V302 is coupled to 
cathode follower V30.3 whi.ch dr1 ves the five-to-one divider tube V304. The 
divider has a relativeq low inJ:Qt impedance. To insure reliable operation 

-C'.I 

-· 
Figure 54.-llodel 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 connects the divider -with the blocking oscillator. 
One end of C326 and R316 is tied to the high side of C325 and the other end 
is connected through S301 to the grid winJing of the blocking oscillator 
transformer. The natural repetition rate is approximately 60 kc. \\'hen 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 negative~. 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 oonduct current. 
The ratio of capacity between C324 and C325 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 PI 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 voltabe in excess of 40 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 sta5e will consist of 
a pulse considerab~ narrower than 0.15 ps with an amplitude of only a few 
volts. It is desirable that the 100-kc spectrum be as uniform in volta6e 
amplitude as possible throughout the utilized range of 100 kc to 5.0 Me. 
This range includes harmonics up to the 51st 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. It 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. Tne 
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 llD· Thus the first loop will extend 

--------~1__________ -
pulse width in JJ• 

-~1~-- _ 33.3 Me or to the 333 harmonic. 
0.03 

The pulses are capacitively. coupled from the clipper-cathode follower 
to a low-pass filter, ~ 306, with a cutoff frequency of 5.0 Me. 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 
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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. In any qtiantity production of this monitor the final capacity of 
the trimmers 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 th~s filter. It. minimizes a spurious 
response in the hundreds-count signals and one in the tens-count signals either 
of which, if not suppressed, could cause the 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 Me. Since the monitor utilizes spec
trum harmonics only as high as 5~0 Me, the filter was, therefore, designed to 
cut off sharply at this frequency. The spurious response occurrin& during the 
hundreds-count was due to the second harmonic of the divider output frequency 
mixing with spectrum harmonics above 5.0 Me. For example, if the divider 
frequency is 10.5 Me its second harmonic will be 21.0 Me. This signal mixed 
with the 6.0-Mc spectrum harmonic will result in a beat frequency of 15.0 r-~c 

which would, if not filtered, pass through the i-f amplifier producin5 an out
put identical to a normal hundreds-count response except for amplitude. The 
same phenomenon would likewise take place at 11.5 l-lc, 12.5 Me, and 13.5 Me 
until at 14.5 Me 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 lo~er half of the band; 
however, the filter completely removes these spurious responses and the hun-
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Figu.re 56.-Model 2 Crystal oven, Disassembled 
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-· 
dreds counting is normal. The spurious response occurring durin6 the tens 
count was due to the 15.0-Mc harmonic feeding through to the second ndxer 
where it mixed with the reference frequency. An audio beat frequency would 
be produced which would cause an unvarying d-e volta~e 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 unvar,yin6 d-e voltage could cause premature 
counting and thus miscounting. Here a~ain, filter g;o6 attenuates the 15-0-Mc 
spectrum harmonic to such an extent that the spurious response is eliminated. 

The output of filter g306 is directly coupled to tne 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 effect& 
Components L307 and C337 in the plate circuit of V307 are .resonant at 15.0 Me. 
The first mixer is capacitive~ 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 ampl~fier was purposely reduced to prevent over-driving the 
second mixer. It was not possible to eliminate the i-f sta5e 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 ~id of the second mixer and 
the reference frequency is fed to the suppressor grid. The reference fre
quency is developed in tube V3101 which is a double triode. One 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 Me. 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 Me . 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° t 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 b~ 
adjusted precisely to the design frequency. The reasons for the trllruners are 
the same as those set forth for the spectrum cr,ystal oscillator. Components 
1309 and C307 in the plate of the doubler triode resonate at 15 Me, 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 cr.ystal frequency to another. Tube V309 is cathode biased two volts pos
itive. The d-e circuits of the control and suppressor grids are returned to 
ground. The signal level at the control grid normally is not large enough to 
cause a d-e back bias tb 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 Me. with the exception of 15 Me. It is obvious that when the divider 
output frequency at the first mixer is 15 Me, this signal will pass directly 
through the 15-Mc i-f amplifier, impressin,:?; 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 cnuse of the difficulty, of cours~ 
is due to the fact that the i-f frequency lies within the range of 11 to 20 
Me. The i-f frequency could have been placed outside the band, but a spec
trum of markers extending to 10 Me 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. Cne means is to 
reduce i-f gain. This was done and carried ~o a practical limit. The use of 
an AVC voltage is not a solution. The application of an AVC volta6e to the 
i-f amplifier on first mixer will merely a65ravate the condition because, in 
effect, the back bias on the control grid of the second mixer is an rtVC volt
age. Another solution to the difficulty would be to insert attenua.tion to 
15 Me between the r-f divider and the first mixer. The attenuation character
istic should be similar to that of the i-f b~nd-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 t.he 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 g309 and to one-half of 
tube V3ll. Capacitor C348 by-passes the i-f component of the output. Filter 
g309 is a low-pass, m-derived, three-section filter with a cutoff frequency 
of 50 kc. Figure 57 illustrates the filter charact.eristic curve. The filter 
was designed to have a characteristic impedance of 27,000 ohms. Filter g309 
is dti-ectly coupled to the grid of the second triode sect1on of V311. This 
section is the tens-count audio amplifier and the first section is the hun-



EQUIPMENT DEVELOPMENT 

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-e from the appro
priate grid return. The cathode of th~ 
tube is tied directly to the plus 26.5-
volt d-e primary power supply. There- II) 

6 ~ fore, if the 2 • 5 volts is removed from ~ 
the grid return, that amplifier will be ~ 

m: 
biased well beyond cutoff. 

The audio output of the hundreds 
amplifier is coupled to one-half of 
the double diode V312. The rectified 
d-e volta5e from this diode is'run to 
switch S303 on the hundreds stepper. 
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A typical hundreds-count response 
appearing at the rectifier is shown on 

Figure 57.-50-kc Filter Response 

Figure 58. The response curve is identical to the i-f band-pass character
istic. The irregularities of the curve are due to g309 changin6 input im
pedance with frequency. They cause no harm since they are well above the 
trigger tube operating voltage. Fib~re 59 shows the d-e volta6e amplitude 
of each hundreds response in the band from 9 to 21 Me. The 9-Mc and ~he 21-
Mc responses have been attenuated by the spectrum filter g306. 

The audio output of the tens am~ifier is coupled to g310. 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 
g310 is a low-pass, two-section, ~derived filter with a characteristic as 
shown in Figure 60. It has a characteristic impedance of 27,000 ohms. The 
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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 V314. The cathode of the diode a]ld 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 V314. 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 g310. 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 ~5 volts rms. The normal 
level of the audio output of g310 is ten volts rms. Figure 61 shows that this 
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level varies less than 1.5 volts from one end of the band to the other ex
cept at 15 Me. 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 
a.lways 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. 
Simpli~ication of design resulted. The figure also indicates the effective
ness of the spectrum filter g306. The tens audio response is cut off sharply 
below 10 Me and above 20 Me. 

Tube V314, 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 ~310 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 discriminator 
to 32 kc. 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 secondar.y to tune the discriminator 
to 25 kc. 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 
SJ15 and S316. These switches reverse the discriminator polarity making it 
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positive for units digits 0 through 4. It reverses discriminator output 
polarity by groundin5 the appropriate discriminator lead and connectin5 the 
remaining lead to switch S303. Capacitor C317 by-passes the out6oin5 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 Wds 
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 runfrom S315 and 6316 to SJOJ 
and also through contacts 1 and 2 on relay K303 to the reactance tube in the 
transmitter assembly. Relay KJOJ 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 KJOl and KJ02 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 countin5 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 ~orrnally 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 ~round. They cr.ystal ovens also operate 
from plus 26.5 volts. This voltage may vary plus or minus 10 percent~without 
undesirable effects. The plus 15Q-volts supply is re5ulated and maintained 
within plus or minus 3.0 volts. lt supplies plate volta~e to all the spectrum 
generating circuits, the reference crystal oscillator and doubler, ar~ to the 
screens of the discriminator tube VJ14 and tri5ger tube V31J. 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 Me, 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 10 to 20 Me. 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 g303 resonant at 700 kc which doe5 
not need aligning. However, g304 and g305 in the doubler amplifier stage, 
V302, do require alignment. Circuit g305, 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, g304, resonant at 1.0 Me, is 
approximately peaked with the oscilloscope connected to the switch side of 
C321. It will not be possible to accurately peak g304 at this point because 
the capacity of the oscilloscope lead is not isolated from the circuit as ±t 
was for 6305. However, g304 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 2i302, resonant at 7.5 Me, is 
adjusted on the gentle slope side of resonance until the voltmeter reads two
thirds of the peak negative voltage. Resonant circuit ~302 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. Slnce the motor 
is inoperative it permits the hundreds wave forms to be observed at leisure 
with the signal 5enerator replacing the master oscillator. The first mixer 
tuned circuit, g307, the i-f amplifier tuned circuit, g308, and the reference 
fre~uency doublermnk circuit, g301, can now be aligned. The oscilloscope 
is connected to the output of the hundreds rectifier and the signal generator 
is tuned to an integral Me point such as 12.0 Me. It is tuned so that the 
audio signal at the hundreds rectifier is sli6htly off zero beat, Gbout 100 cps 
to get a maximum scope deflection yet not be so far off zero beat to cause 
mis~lignment of the tank circuits. With this setup, g307, g3os, and g301 can 
be peaked for a maximum oscilloscope deflection. The d-e voltage at this 
observation point should equal about 50 volts. Next, the signal generator 
is tuned to 10.5 Me and g304, readjusted until the spurious response obtained 
at this frequency disappears. Resonant circuit g304 is then ali~ned to 
exactly 1.0 Me. 
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The spurious response will be obtained when g304 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 Me, producing a spurious response at the 
half-megacycle points in the band. All the circuits involved with the hun
dreds c.ount 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 volta6e at which the 
counting relay operates can also be checked. This tri55ering voltage should 
equal about 10 volts d-e. 

The circuits utilized in the tens counting are ali5ned next. The signal 
generator is tuned over the band Gntil a sufficient number of hundred-markers 
are registered to step the hundreds stepper to its finish position. The 
monit.or is then prepared to count tens. The oscilloscope is connected to the 
output of g310. The division ratio o~ the spectrum generator divider can now 
be adjusted by means of trimmer C324. The signal generator is bmed through 
one megacycle in frequency and the number of~ns-count cycles which appear 
as the signal generator is tuned, are noted. lf 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 trimmer to either side and noting when the oscilloscope 
audio signal pattern be5ins to jitter. This trimmer can be rotated about 
t 30 degrees before the five-to-one division ratio will be upset. The 

trimmer is set in the ndddle of the 60-degree range. Once this adjustment 
is made, the divider division ratio will not change under Service Conditions. 
Filter ~306 is next aligned. The signal generator is tuned to 9.5 Me, and 
trimmers C333 and C334 are adjusted so tbat no signal appears on the oscil
loscope. The signal generator is next tuned to 10 Me, where the audio signal 
displayed on the oscilloscope should be of the same amplitude as the signal 
from 11 to 15 Me. If it is not, the trimmers should be readjusted. The 
monitor has now been aligned for the tens count signals and the response at 
the output of g310 should be as shown in Figure 61. 

The discriminator must be aligned to 25 kc 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 ~he reverse relay con
nected in series in the plate of the~igger tube, t313, must also be adjusted. 
The operation of this circuit was described in conjunction with Figure 46. 
The output d-e voltage of the discriminator is ted to the trigger tube and 
also to the reactance tube V405 which. is coupled to the master oacillator. 
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-e voltage by means of the reactance 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 



EQUIPMENT D~"VELOPMENT 63 

channel frequency 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, theaeater 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 b~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 Me. At the signal frequency, anywhere between 225 
and 400 Me, 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. 
~~en the master oscillator is plus or minus 50 cycles off channel frequency 
the discriminator will develop plus or minus 1.4 volts of output. In this 
condition the master oscillator, discriminator, and reactance tuoe system 
are in balance. Since the reactance tube circuit is capable of shiftin5 the 
master oscillator t40 kc \'d.th ±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. rf 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 w·hich the reverse and C 
and F relays open and close. Y.Jhen the grid voltage is more negative than 
1.8 volts, both relays will be open and 
the motor will be energized driving 
the master oscillator back, or reverse, 
to zero volts. Likewise, when the 
trigger tube grid voltage exceeds plus 
one volt both rel~ys 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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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 increasing in a negative direction. Point, b 
is the voltage at which· this relay closes when the volta5e is becoming more 
positiv~. Likewise point £ is the decreasing positive voltage at which the 
C and F relay opens and point d is the increas~ positive volta5e 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 £and will not be re
energized again until point £ is reached. Normally, the motor drive will not 
coast to point ~' but will stop at about the zero bolt point on the diagram. 
Once the point ~ has been passed, the slot becomes the distance ! to ~ in
stead of b to d because the reverse relay will be closed and the C and F 
relay will be open in thu area. A sind.lar 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-ener5ized 
at point £ and will be re-energized if point ! should be reached. Once point 
£ is passed, the slot width again becomes the distance ! to £. 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 ~ and £ by the appropriate cathode bias. 
Motor hunting is reduced by making the distances c to a and b to d as great 
as possible without sacrificing slot width. If hunting still persists it may 
be eliminated by increasing the slot width at the sacrifice of equipment 
frequency stability. 

The slot width qf 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 t 1.4 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 t50 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 total discriminator frequency error. 

There is one other slot width which maybe 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 mechaRical 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 withthe exception of the 
method used to trim the spectrum crystal oscillator, the reference oscillator, 
and the discriminator to their design frequencies. This procedure requires a 
precise frequency measuring setup. This setup together with the alignin~ 
procedure will be described in the succeeding para5raphs. 
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FREQUENCY MEASUREMENT 

In aligning the AN/ARC-19 (XN-1) monitor and determining its frequency 
stability characteristics, a preci~e 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 l~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 Me. 
At the output of the master oscilla~or divider, the frequencies to be 
measured range·from 10.993 to 19.997 Me. Since these frequencies are at 
one-twentieth of the output channel frequencies, they are spaced one-twen
tieth of the 200-ko c'hannel spacing, or 10 kc apart. When the monitor is 
placed in the transmit position, the frequencies fall on integral lQ-kc 
points 11.000 to 19.990 Me; whereas, when in the receive position, the 
frequencies shift 7 kc below or above those points. For unit digits of the 
channel numbering· from 0 to 4, the shift is below; for 5 to 9, above. 

In order to obtain the necessary accuracy in measuring these frequencie~ 
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 f~om 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 requi~ed 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 ele.ctronic 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 ha~onics which 
extends well above the highest frequency (20 Me) 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 ~or its stability of re
ception at the Laboratory location) and the 5-Mc harmonic (500th harmonic o! 
10 kc) from the Frequency Standard. Capacitor C2, shown on Figure 65, is 
adjusted tor an optimum beat no~e at~he output of the receiver. A speaker 
connected to the receiver assists in this adjustment. AQY modulation, in-
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eluding speech announcements made every hour and half-hour on\~, is el~ 
inated by means of the 0 to 200 cps low-pass filter, allowing a pure beat 
note to be !ed to Electronic Frequency Meter Number 1 -{Hewlett Packard Model 
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500A) which is set on the 0 to 200 cps 
range. Previous to measuring a fre
quency, the oscillator trimming con
denser on the Frequency Standard is 
adjusted so that the 5-Mc harmonic 
is shifted to some frequency between 
50 and 200 cps above hWV. This shift 
is indicated on Electronic Frequency 
Meter Number 1 and may be continuously 
recorded on Esterline-Angus Recorder 
No. 1. The actual procedure for 
measuring a frequency is divided into 
three cases which will be described 
subsequently. These three cases cover 
all the necessary measurements made on 
the monitor. 

Case 1 - Measurement or Frequencies 
Falling on Integral 10-kc Points. 

In measuring the frequency of a 
signal that falls on an inte5ral 10-
kc harmonic point, the particular set
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. 

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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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 0 to 500 
cps low-pass filter to Electronic Frequency Meter Number 2, set on the 0 to 
500 cps range, and its corresponding Esterline-Angus Recorder Number 2. This 
range was found to be sufficiently wide for all measurements made on the 
monitor. Capacitor c2, 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 Me. The lQ-Mc 
harmonic from the Frequency Standard is then actual~ 200 cps above the true 
frequency or at 10,000,200 cps. This harmonic beating against the signal at 
exactly 10 Me 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 alj$ebraically to the oositive value on Fre
quency Meter Number 1~ eonverted to the measured lrequeney (in this example, 
·multiplied by 10/5 or 2) the actual deviation of the signal is obtained. The 
frequency relation of tpe above example is illustrated in Figure 66. From 
the example, it may be seen that for any frequency falling on integral lQ-.kc 
points, the following equation may be used for obtaining the frequency devi-
ation: . f df 
F.D. (l)= (~fF.s.)(__!_) s (Equation 1) 

5 
where: F.D.(l) • Frequency deviation in cps from fs• 

.4fF .S. = 
Afs = 
41

8 = 

Frequency shift in cps of the Frequency Standard above WWV at 
5 Me as indicated on Frequency Meter Number 1. 
Exact design frequency in Me of the signal to be measured. 
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 lQ-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 necessar.y merely to rotate 
the oscillator trimmer of the Frequency Standard back and forth and note the 
change in the beat frequencies· from the two receivers4 If the signal is on 
the proper (i.e. low) side of the harmonic from the Frequency Standard, the 
beat frequencies will var.y in the same direction. 

By using the Esterline-Angus recorders, a continuous 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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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 s arne setup described in Case 
1 is used. In this case, however, two beat frequencies of approximately 5 
kc 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 Me. Consequently, the harmonics beating with the 15.025-Mc signal 
are 15,020,150 cps and 15,030,150 cps producin6 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 ~~ter Number 2. The higher 
audio frequencies are filtered out by the 0 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 categor.y may be found 
by the following formula: 

F.D.(2) • (2 ~ fF.S.) ( fs 
5 

) - .4f 8 
(Equation 2) 

where: F.D.(2) Frequency deviation in cps from fs • 

= Frequency shift in cps of the Frequency Standard 
above WdV at 5 Me as indicated on Frequency Meter 
Number 1. 

- Exact design frequency in Me of the signal to be 
measured. 

: Resultant low-frequency beat in cps as indicated on 
Frequency Meter Number 2. 
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In a manner similar to that described in Case 1, the trimn1er on the 
Frequency Standard should be rotated to determine whether the beat fre
quencies from Receiver Number l and Number 2 vary in the same direction. 

Case 3 - Measurement of Frequencies Between 10-kc Harmonic Points 
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In this case, assume a 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 lQ-kc harmonics. Receiver Number 2 is tuned so 
that the approximate 3-kc frequency is predorrJnant and is mixed with the 
exact 3-kc signal from tht interpolation oscillator by means of the audio 
mixer. At the output of the mixer is a third audio 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 Me and the Frequency Standard is 
shifted 100 cps above WWV at 5 Me, t.he measured si5"nal would then beat 11,;ith 
the l,099th harmonic (10,990,220 cps) of the Frequency Standard to produce 
a beat frequency of 2780 cps. Since this frequency 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 frequency 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.(3) = {.6 :rF.s.) { ~) - £!5 (Equation 3) 

5 

where: F.D.{J) :Frequency deviation in cps from f 8 • 
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•tF .s. = Frequency shift in cps of the Frequency Standard above W'vvV at 
5 Me as indicated on Frequency Meter Number 1. 

- Exact design frequency in Me of the signal to be rueasured. 

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

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 DISCRllUNATOR AND SLOT WIDTH DETElllmATION 

In the measurement of the channel frequencies with the equipment in the 
transmit and receive positions as described in Cases 1 and 31 it was assumed 
that the discriminator of the monitor had alreaqy been properly aligned. l£ 
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 ana a channel is selected at the control box. The deviation on 
Frequency 1--leter ~umber 2 is obtained as described in Case J. 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 Ultroduced 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 witndrawn, 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 prev!ousli 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. 1he 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 exact~ on one-twentieth of the 
channel frequency 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 tba 
attachment of a motor driven external condenser plate that momentari~ 
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 
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seen in the description of Case 3 that by setting the Interpolation Cscil
lator to other values, it i s possible to determine accurately any frequency 
up to the highest harmoni c detectable in Receiver Number 2 from the Harmonic 
Frequency Standard. 

Description of the Harmonic Freguency Standard 

The Harmonic Frequency Standard consists essential~ of a crystal 
controlled oscillator, two frequency dividers, and a harmonic generator. 
The oscillator operates at a frequency of 500 kc 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, 10, 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 i s the 5:1 frequency divider using a blocked-~id 
oscillator which is keyed when the step voltage developed across the 20U•l 
condenser connected between the cathode and plate of V4 reaches t he level 
to allow conduction in V5. This step voltage counteracts the cutoff bias 
voltage developed across the lOOOP• f grid condenser by a preceding cycle 
of operation. The positive voltage across the 20~ ( condenser is built 

Figure 69. -Frequency Standard 
Figure 70.-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 3-45•- ! coupling condenser between V3 and V4. 
An oscilloscope connected between point ! 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 VS), 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 slight~ better stability 
for the higher division ratio. The division ratio of the 10:1 divider may 
be checked by connecting an oscilloscope be~ween point B and ground. 

Figure 71.-Bottom View o! 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 kc. By feeding this pulse to the Type 6AK5 tube 
(V9) clipper cathode-follower, a high order of lQ-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 lQ-kc or lOQ-kc spectrum of 
harmonics. The 100-kc ~pectrum is generated at the output of the first 
blocking oscillator (i.e. in the 5:1 divider stage). In measurements of the 
monitor#frequencies, the 10-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:An~us recorders. 
In order to calibrate the frequency meters and Esterline-Angus recorders, the 
interpolation oscillator is first calibr*.ted at 220 cps by mixine that fre
quency with the 440-cps signal of WWV, when the oscillator is proper~ ad~ 
justed Lissajous figures of the two voltages on an oscilloscope should show a 
2:1 ratio. After this iQitial 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 Qscilloscope with the 440-cps 
standard from WWV. The oscilloscope should give a 7:1 Lissajous figure when 
the proper adjustment is r eached. 

MONITOR FREQUENCY STABILITY 

The monitor determines the overall \ransmitter and receiver frequency 
stabilit~ 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. 
j continuous record of frequency deviations was kept on the Esterline-Angus 
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. 
Temperature is plotted in degrees and frequency deviation in parts per million. 
As can be seen the maximum deviation of this os~illator is 3.5 parts per 
million. It will be noted that the frequency deviates from zero beat o~ 
during periods of rapid temperature change. At other times it returns to zero 
beat •. The oscillator was temperature compensated to obtain this effect. Holtl
ever, the temperature of the compensatin~ condensers lags the temperature of 
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other circuit components during rapid temperature changes, leavin~ bumps in 
the curve at points of rapid change. Capacitances C311 and C310 were changed 
fram 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 cr.ystals number 1, 2J 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, 15, and 76 show 
these three runs. No great difference is apparent between the three curves; 
therefore, cr,ystal position is of little consequence in the large oven. The 
greatest frequency deviation obtained was 4.5 parts per million at -50° c. 
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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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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 

:uc (Parts/ (Parts/ 
Kc Million) Kc Million) 

1 100 220 +0.60 +2.73 +0.20 +0.91 
1 105 221 +0.12 +0.54 -0.98 -4.44 
1 550 310 +0.90 +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 +o.l8 +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 +0.50 

3 100 220 -o.6o -2.73 -o.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 

4 100 220 -0.20 -0.91 +0.80 +.3.64 
4 105 221 +1.22 +5.52 +0.62 +2.80 
4 550 310 +0.20 +0.65 +0.80 +2.58 
4 990 398 +0.20 +0.50 +0.40 +1.00 

5 100 220 +0.40 +1.82 -0.40 -1.82 
5 105 221 +1.02 +4.62 -0.18 -0.81 
5 550 .310 +0.20 +0.65 +1.00 +3.23 
5 990 398 -o.so -2.01 -0.20 -0.50 

(a) Measurements made at standard temperature and voltage. 
(b) Fre~ency deviations in kc are at the channel frequencies. 

Notes: 

ligible. On channel number 990 the frequency errors of the two cr,ystal 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 apprapriate 
number of megacycles. The error will then be in cycles at the channel fre
quency. The max1 rm1m frequency deviation for each channel is as follows: 

Channel number 100 - 2.0 kc 
Channel number 105 - 3.3 kc 
Channel number 550 - 2.7 kc 
Channel number 990 - 2.0 kc 

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 wus 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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to that of the transmit frequ.ancies. The greatest deviation from an .. allo
cated channel frequency was 1.9 kc at 310 Me. 

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 frequency 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. 
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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 volta~e before the master oscillator 
frequency was measured. No shift in frequency was noted. Second, the !50-
volt regulated supply was varied plus and minus 10 volts with the other 
voltages normal. Here again, a negligible frequency shift occurred. Third, 
the 225-volt supply was varied olus and minus 20 percent with the other 
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Figure 81. -Frequency deviation vs time during a cyclic temperature 
run at channel 100, on monitor nwnber 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 Me 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 Me for this condition was minus 0.90 kc and pius 1.80 kc. 

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 kc, 
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 TII 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 cqnstant: 

Voltage 
(Volts) 

23.8 
26.5 
29.2 

Frequency Deviation 
iW_ ( Parts/llnlion) 

-o.20 -o.91 
-o.20 -o.91 
-o.20 -0.91 

B. Variation of the 150-volt supply with the 26.5-volt and 225-volt supplies 
held c cast ant: 

Voltage 
(Volts) 

140 
145 
150 
155 
160 

Frequency Deviation 
~ (Parts/Million) 

+0.06 +0.27 
+0.04 +0.18 
+o.04 +0.18 
+0.06 +0.27 
+0.04 +0.18 

C. Variation of the 225-volt supply with the 26.5-volt and 150-volt supplies 
held constant: 

Voltase 
(Volts) 

180 
210 
240 
270 
300 

Freyuency Deviation 
(Kc (Parts/ijillioa) 

-0.84 
-o.36 
-o.04 
+0.36 
+0.64 

-3.82 
-1.64 
-o.l8 
+1.64 
-1.2. 91 

D. Combination of voltage variation: 
Voltage 

26.5-volt 150-volt 225-volt 
suppll (Vl supply (V) supplz (V) 

Fre~ency . Deviation 
(Kc (Parts/Million} 

23.8 
26.5 
29.2 

140 
150 
~60 

100 
240 
300 

-o.90 
+0.20 
+1.80 

-4.10 
+0.91 
+8.18 

Notes: Frequency deviations in kc are at channel number 100 ( 220 Kc). 
Measurements made at Standard Temperature. 



EQUIPMENT DEVELOPMENT 

METHOD OF MEASURING CRYSTAL OVEN TD1PERATURE 

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 specifications 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, re~ording 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 ± 5° C, which are the operating 
limits of the ovens. 

It was desirable to have the cal:lbrating 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 proper~ 
setting the amplifier gain at the null. The bridge was initially balanced 

I AUDIO 
I OSCILLATOR L 700 CPS 

AUDIO 
AMPLIFIER 

METER 
RECTIFIER 

RECOHDER 

METER 
RECTIFIER 

50-0-50 

0-5 

CALIBRATE: Sl TO 560 0 
ADJUST OSC
OUTPUT TO 50J.£ A 

ADJ. AM~ GAIN 
FOR METER TO 
READ 3.2 MA, 
RECORDER, 44 

THERMISTOR 

EQUIPMENT 

OSCILLATOR: HEWLETT PACKARD 
MODEL 200-c 
NAVY NO- 128406 

AMPLIFIER·. OPE RADIO 
MODEL 1010 -A 
SERIAL NO. 110977 

RECORDER: ESTERLINE- ANGUS 
MODEL A- W 
SERIAL NO. 29327 

THERMISTOR: BELL LABS. 
NO. 163903 

Figure 85.-Thermistor Bridge Circuit tor Cr.ystal 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 

80 
u 

Ill 
1&1 
1&1 
a:: 
fB 70 
ljl 
1&1 
a:: 
::;:) 

~ 
eJ 60 
II. 
2 .... 
1- 0 

/"' 
/ 

v 
v~ 

/__ 
/ 

10 20 30 40 !50 60 70 80 90 100 

ESTERLINE- ANGUS DIVISIONS 

Figure 86.-Calibration for 
Ther.mistor Bridge 

unbalance of the bridge and allowed 
adjustments to be made to compensate 
tor warmup ot the amplifier. The 
input to the bridge was measured with 
the microammeter which permitted re
setting the audio oscillator. To 
calibrate the s etup, the 56Q-ohm re
sistor Wts switched in place of the 
thermistor, the oscillator output was 
adjusted to 50 1 microamperes input to 
the bridge, and then the audio ~ 
plifier gain was adjusted to give 
32-ma d-e output. The thermistor and 

bridge were then calibrated b,y var,ying the thermistor temperature and noting 
the recorder reading (Figure 86). The thermistor was mounted in a erystal 
can and placed in the crystal eocket of the oven. The carve of Figure 86 is 
accurate to within t 1/2 degree. 

Curves for typical ovens are shown in Figures 87, 88, 89, 90, and 91. 
Figures 87 and 88 show the wa~up of the typical ovens at roam temperature 
and also the variation in oven temperature with changes of ambient temperature. 
Figures 89 and 90 show oven wa~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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Figure 87.-Temperature charac~ 
teristics of Model 1, single-unit 
cr,ystal oven, serial number 8. 
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w 75·r-IF~~--.--.-.,-~-.--.-.--.--~-r~ 
0: 

~ 701~~-+~+=~~~i=:!~t=j::i __ l__L_j 
a: OVEN STABILIZED AT MINUS 70° C (OVEN OFF) 
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Figure B9.~ar.m-up characteris
tics or single-unit, model 1 cr,ystal 
oven, serial number 8. 
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Figure 90.~ar.m-up characteris
tics or five-unit, model 2 crystal 
oven, serial number S. 

the wa~up characteristic of an oven in a plus 50° C ambient t~perature 
after being stabilized with the oven off in a minus 50° C ambient temperature. 
The last curve or Figures 89 and 90 shows the oven wa~up characteristic in 
a minus 50° C ambient temperature after being stabilized with the oven oft in 
a plus 50° C ambient temperature. Figure 91 shows the variation in temperature 
with crystal position. 

CONTROL CIRCUITS 

Control Box Description 
This. portion of the report describes the 

All controls necessar.y for operation ~eo 
of the equipment are located on the ~ 
control box (Figure 24) and are as ~ 
follows: 0

7o ILl 
a: 
::::> 
1-
<t 
a: 
ILl 

~ 60 
ILl 
1-

operation o! the control circuiw. 

-r--: r-f-- r--1-- r--1--
........... 

2 3 4 5 
CRYSTAL POSITION 

1) A rotary control for select
ing any one of ten preselected main 
channel frequencies and also for pre
setting these ten channels to a~ or 
the 876 possible frequencies, 

2) A three-position rotar,y 
switch for selecting reception on the 
main channel frequency, on the guard 

Figure 91.-oven Temperature 
variation with change in cr,ystal po
~ition for five-unit, model 2 oven, 
serial number 8, at room ambient 
conditions. 
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channel frequency, or on both the guard channel frequency and the selected 
main channel frequency. 

3) A three-position rotary switch for controlling the application of 
primary power to the equipment and for selecting voice or tone modulation. 

4) A ready light for indicatin~ when t he equipment is on frequency and 
ready for operation. 

5) A volume control knob for setting the audio volume level to the 
headsets. 

6) A r eady light test button for determining the condition of the ready 
light bulb. 

7) A push button which disables the r eceiver squelch circuits and per
mits receiver operation to be checked. 

8) A visual indication to show which of the preselected channels has 
been selected appears at the "preselected channel" window on the control 
box. 

Figure 92.-Side View of Control 
Box with Cover Removed 

The indicator unit is mounted in a 
rectangular box which is attached to 
the top of the control box. Windows 
are provided on the front for viewing 
the indicator dials which show the 
channel number to which the equipment 
is set. 

Connections for all power, audio, 
and control circuits to the control 
box and indicator units are made 
through a single AN-28-llP receptacle 
mounted on the l ower end of the con
trol box. (Figure 3). 

The combined overall dimensi ons 
of the control box and channel in
dicator unit including all projections 
are as follows: 
Height, including plug receptacle 
(plug disconnected) 9-13/ 16 inches; 
width, 5 inches.; depth, 5-7/16 inches. 

The combined weight of the con
trol box and indicator unit is 11.1 
pounds. 
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Figure 93 .-Rear View of Control 
Box with Cover Removed 

• 
Figu~ 94.-Channel Indicator 

Unit with Cover Removed 

£2nt rol Circuit Operation of Control Box and Monitor 

The control box provides means f or manual selection of any desired c~ 
munication channel of the 876 channels. The actual channel number of the pre
selected channel is indicated by a number which appears in the channel indica
tor window when the equipment i s on frequency. The obannels are numbered 
consecutively beginning with channel number 125 at a frequency of 225 Me. Tbe 
preset channels are designated as G (guard) 1,2,3,4,5,6,7,8 and M (manual). 
In the small window above the frequency control knob appears the number of 
the preset channel which has been select ed. To change f r om one preset channel 
to another, it i s necessary only t o r ot ate t he knob unt i l the desired preset 
channel number appear s in t he window. 

In describing the manual operati ons r equired to change the frequency or 
a preset ~el assume t hat i t i s desired to set preset channel number 1 on 
a frequency of 324.4 Me. A f r equency of 324.4 Me is channel number 622 . To 
set channel number 1 to this frequency t he operator grasps the selector con
trol knob, rotates it until number l appears in the preselected channel 
window, presses the lock release button in the center of the knob, and pulls 
out ward. As the knob is pulled out !rom t he panel, three detent positions 
can be felt. With the knob pulled out to t he las t of these det ent positions, 
a rotation of the knob changes the hundreds digit whi ch will appear in the 
left hand window of the channel number indicator when the equi pment is oper
ating on the channel. To set the hun~eds digit on six, the knob, when in 
the last outward detent pos ition, is rotated to t he left against the stop, 
then rotated to tbe right to the sixth detent positi on. To set t he tens 
di git, the knob is pressed directly inward t o the center detent position , 
rotated to the l eft against the stop, and rotated to the right to t he second 
detent position. The units digit i s t hen set to two by pressing the knob 
inward to the unite detent position, r otat ing t he knob to the left against 
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the stop and t hen rotating it to the r i ght to the second detent position. 
The knob i s then pressed in against the panel where it will be held by the 
electrical latch. The control knob shaft is marked with H, T, and U cali
bration circl es which indicate which of the outward detent positions is 
engaged. 

I t is not necessary to change the channel number digits in any particular 
order; any digit or combination of digits can be changed in any desired order 
by pulling out the knob to the appropriate detent position. 

The elect rical latch prevents accidental chan5e in frequency of the guard 
channel and the eight "~umbered" channels, by pr eventing the knob from being 
pul led out unless the electrical latch is released. Due to the fact that the 
latch is electrical~ operated, power must be applied to the equipment before 
the latch can be released. Since both pull-out and rotational positions of 
the knob .are detented and end-stops limit clockwise c.nd counter-clockwise 
rotation, it i s possi ble without looking at visual indicators to operate the 
knob by feel ing the detent positions and end stops. Thus it is possible to 
reset t he preset channels in the dark. ElectricallY and mechanicallY the 
positi on marked 11M" (manual) is actually another preset channel. In the "M" 
position with power applied it is not necessary to press the release button 
in order to pul l the frequency selection knob outward. lt is expected that 
pilots will use the 11M!' position in cases where it is necessary to set up 
a channel during flight. If the pilot attempts to pull out the knob when it 
is in -one of the first nine positions, he will be reminded by the latch re
lease that he should switch to t he 11M" position so as not to disturb the 
ot her nine pr eset channels before attempting to set up on a new channel for 
aoae special use. 

When all preselected channels have been preset and the selector knob 
pressed in to the operating position, the control circuits will automaticallY 
cause the master oscillator in the transmitter-receiver unit to be tuned to 
t.ne correct. r r equency. ·f'ne masi.er oscil.La tor is tuned to the desired operating 
f requency qy a counting procesa. In selecting a new frequency the master 
oscillator t uning condenser is always returned to its lowest f requency position 
and t hen driven forward to the desired position. 

The counting and crystal selecting switches in the monitor are driven by 
rotary stepping relays. An unmounted stepping relay is shown in Figure 95. 

-C\J 

Tb e switches which are driven by the 
monitor stepping relays are twelve
posi tion wafer-type switches. One 
terminal of each stepper relay coil 
i s connected to t he 26. 5-volt circuit 
as soon as power is applied to the 
equipment. When the other side of the 
stepper coil becomes grounded, due to 
control circuit action, the stepper 
coil becomes energized and causes the 
relay armature and ratchet to advance 

Figure 95.-Unmounted Steppi ng Motor against spring tension to the position 



EQUIPMENT DEVELOP~urnT 

~Driving Gear (Driven by Control Box Stepping Motor) 

Figure 96.-simplified Drawing of Control Box Planetar.y Gear System 

of maximum armature travel. Due to the ratchet action, the switch wafer 
rotors do not move until the coil circuit is broken. When the coil circuit 
is broken the spring tension returns the armature and advances the switch 
rotor shaft one position. The switch wafers are of the twelve position type; 
therefore, the relay coil circuit must be made and broken twelve times to 
complete one 360-degree rotation of the switch rotor. 

Three stepping relays of the type shown in Figure 95 are mounted on 
the monitor chassis and are referred to as the hundreds (H), tens (T), and 
units (U) steppers. A similar type stepping relay is used in the control 
box for transmitting setup pulses to the monitor. 

The· principle of operation of the mechanism by which the control unit 
remembers the preset channels is illustrated in Figure 96. It will be noted 
that three gears, designated as H, T, and U, are included on gear train (a). 
On th.e side of each of the three gears a cam has been machined integral 
with the gear. Gear train (a) contains gears for one preset channel only. 
As shown on Figure 92, a total of ten such gear trains, one for each preset 
channel, are mounted in a circle around the main driving gear. Setting up 
a preset channel in the control unit consists of rotating the channel-deter
mining gears H, T, and U, on thei~ driving shaft to a position dependent 
upon the channel desired. This preselecting process is accomplished by 



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

manually manipulating the channel selecting knob as previously described. 
It should be noted that the gears H, T, and U are rotated on a rigid mount
ing shaft during the presetting operation and driven by the same shaft as that 
which the control unit stepping motor cycles. This action is possible be
cause a spring type friction clutch is mounted on the side of each H, T, and 
U gear. Gears H, T, and U are set at predetermined positions on their driving 
shaft in order that the gear cams will open contactors K7~5, K716, and K717 
after the desired number of pulses have been transmitted to the monitor unit. 

In Figure 97 is shown a simplified schematic drawing of a portion of the 
control circuits and is intended to serve as an aid in showing how the pulses 
from the control box set up or preset the counting switches in the monitor 
unit. 

In describing the functions of the counting switches reference will be 
made to the home and finish positions of the switches. The home or zero 
position is indicated (Figure 97) by the downward position of the arrow. 
Succeeding positions are indentified as positions 1 through 11 in a clock
wise direction. Prior to selecting a new channel the switches will return 
to the home position. The circuit design is such that when the desired 
number of hundreds and tens have been counted, the hundreds and tens steppers 
must have reached the finish position. For this reason, position number nine 
ie referred to as the finish position. 

I 
I 

' I 

CONTROL BOX l ' MONITOR I 26.~V. 

K704·2 K307 

I I I 

I s-CAMS DRIVEN B~ L ...,...- CONTROL BOX l STEPPING MOTOR. 

CONTROL BOX MONITOR 

0 0 0 
0 0 

00 0 ti-

ROTATION 

~ 
40 07.8 FINISH 

30 k 9 POSITION 

eo o,o 
p o,, 

HOME POSITION 

SWITCH POSITIONS 

SELECTS REFERENCE 
IN MONITOR. 

CRYSTALS 

Figure 97.-simplified Schematic of Setup Circuit 
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As an example, assume that it is desired to operate on channel number 
622 which has a fr~quency of 324.4 Me. At a final frequency of 324.4 Me, 
the signal fed to the monitor !rom the master oscillator divider circuit will 
be one-twentieth of 324.4 Me or 16.22"Mc. Since the first "hundreds" is 
counted at·ll Me, this indicates that six "hundreds" and two "tens" must be 
counted in order to reach a frequency of 16.22 Me. The H and T switches must 
reach the finish position when the equipment_ is on frequency. It can be seen 
that the control box pulses must preset the ti switch to position number three 
and the T switch to position number seven. This will leave six 11 hundredu 11 

and two "tens 11 for the monitor to count. For a frequency of 16.22 Me, the 
units stepper must select the 7.5225-Mc crystal. 

The H, T, and U cams shown in Figure 97 are the same cams that are shown 
in Figure 96. Preparatory to receiving setup pulses over the H, T, and U 
leads from the control box the monitor circuits are as shown on Figure 97. 
The setup relay contacts Sl, S2, and S3 are closed, thus connecting the so
lenoids with the H, T, and U pulse leads from the control box. When power 
is applied to the equipment or a different channel selected, the stepping 
motor in the control box will complete one cycle of 24 steps. Each time the 
control box stepper makes a s-tep (armature traveling to maximum position of 
travel and returning ) the contacts K704-2, K704-3, and K704-4 are opened 
and closed by a cam on the control box stepper driving shaft. Each time the 
circuit is opened the control box stepper will advance one position. The 
cam gear H in the control box has been preset on the shaft in such a position 
that contacts K717 will be held open py the cam after three pulses (K704-2 
opening and closing three times) have been transmitted to the H stepper in 
the monitor. The T cam has been preset to open K716 after seven pulses have 
been transmitted to the tens stepper in the monitor. The control box units 
cam opens K715 after two pulses have been transmitted to the units stepper 
in the monitor. The circuit design is such that the setup relay will be
come de-energized and power will be applied to the tuning motor as soon as 
the counting switchEs have been preset by the control box. The master os
cillator tuning condenser is now driven forward and six "hundreds" are count
ed, thus advancing the H wafer switch to the finish position. It will be 
noted that, when the H switch rotor reaches the finish position, the circuit 
to the H stepper solenoid is broken and the circuit to the T solenoid is 
completed to ground. As the tuning motor continues to drive the master os
cillator condenser forward, the lOD-kc spectrum will produce beat notes 
causing the tens stepper to advance from position seven to the finish posi
tion. When the tens count is completed, the monitor is switched to automatic 
frequency control. 

The above explanation of the setup and counting action was made with 
reference to Figure 97 in order to describe more clearly this part of the 
control circuit operation without confusion with other circuits. Complete 
control circuits are shown in Figure 50. A complete schematic of the control 
box and indicator unit is shown in Figure 98. Figure 99 shows in chart form 
the sequence of action of the relays in the monitor and control box with re
ference to time. The time of operation of the tuning motor is also shown 
in Figure 99. All relay contacts in Figure 50 are shown with the coil de
energized. The sequence of control circuit action is as follows. With the 
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"off-voice-ton'e" switch in the 11off 11 position all relay coils will be de
energized, and the monitor H and T stepping switches will be in the finish 
position. When the switch is thrown to the "voice11 or "tone" position, power 
is applied to the stepping relays. the H stepper solenoid is grounded through 
its self-interrupting contact, the home relay (K304) contacts, and wafer switch 
5306, and will, therefore, advance to the warm-up position (position number 11). 
The H switch will remain in the war~up position until the monitor tubes warm 
up and the plate current of the counter tube causes the reverse relay K301 to 
operate and ground the H stepper coil. The H stepper then moves to the home 
position. The wa~up feature of the circuit delays the setting-up and count
ing process until all tubes have reached normal operatin6 temperature, thus 
preventing errors in counting. With application of power the T and U steppers 
also return to the home position. With the first application of power the coil 
of setup relay K305 in the monitor and the return relay K401 on the motor drive 
are energized through the contacts of K702. The direct current line voltage 
applied to the tuning motor terminals through K401 contacts is of the correct 
polarity to cause the tuning motor to drive the master oscillator condenser to 
the low-frequency position. At the low-frequency position, power is removed 
from the tuning motor bY the low-frequency limit switch S401. Switch S401 is 
opened by a cam attached to the master oscillator condenser rotor. As soon 
as the monitor counting switches reach the home position, the home relay coil 
K304 in the monitor and K701 in the control box are energized through a setup 
relay contact and wafer switches S305, S309, and S3l3. The stepping motor in 
the control box now begins to cycle due to the fact that its solenoid circuit 
is completed to ground through contacts K702 and K701. The correct number of 
setup pulses are transmitted to the monitor as previously explained. The 
solenoid circuit o! K702 is opened by contactor K?ll/9 when the control box 
stepping motor has completed nine steps of its cycle. The control box step
ping motor solenoid circuit is opened by K709 when the control box motor has 
completed its setting-up cycle of 24 steps. The setup and return relay coils 
are de-energized when K702 is de-energized, since their coil circuits are 
opened b,y K702-l. When return relay K401 is de-energized its contacts re
verse the direct current line polarity to the tuning motor and the tuning 
condenser is driven forwar4. The speed of the condenser shafts is controlled 
by three clutches, which provide a fast, a medium, and a slow speed. The 
shafts are driven at fast speed while counting all hundreds except the last. 
Wafer switch 5304 switches the medium speed clutch in the circuit at position 
eight of the hundreds stepping switch. The shafts are driven at medium speed 
while counting the last hundreds count and all tens counts. When all tens are 
counted, the tens stepper will have reached the finish position and the slow 
clutch is switched in by S308. Contacts of S301 switch the spectrum !rom 
hundreds to tens when the hundreds count has been completed. War er switch 
S306 controls the bias on the monitor hundreds and tens audio amplifiers and 
on the counter tube. 

When the tens stepper reaches the finish position, the coils of motor 
relay .K306 and finish relay K303 are ener5ized through wafer s~tches S306 
and S309. When energized, the motor relay places the tuning motor leads 
under control o! the reverse relay and the C and F rel~. 

Power !or operating the antenna relay Kl03 and T-R relay Kl02, which 
are mounted in the head unit, is controlled by the contacts on finish re~ 
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K303. This feature prevents the transmitter dynamotor from being started 
until the master oscillator has been set on the desired operating frequency. 
Finish relay contacts also control the ready light circuit.causing it to 
light when the equipment is ready for operation. 



PART II 

Equipment Evaluation 

INTRODUCTION 

Engineering evaluation of the AN/ARG-19 (XN-1) equipment has been conducted to determine its suitability for use in Naval Aircraft. Results are included in the following section for the items listed below~ 

Heat F..xcbanger 
Weights 
Receiver - sensitivity, AVC characteristics, selectivity, image and 

spurious responses, i-f rejection, re6eneration, noise 
limiter operation, audio fidelity, audio distortion, a-f and 
r-f gain control characteristics, squelch operation and 
frequency stability, 

Transmitter - carrier power output, modulation characteristics, fidelity, 
modulation distortion, tone modulation, frequency stability, 
sidetone, carrier shift, carrier noise level, and frequency 
modulation. 

Microphone energizing current. 
Input power requirements 
Channel selection time 
Transmit - receive interv~.l 
Channelization 
Flight test 

The specifications of Reference (o) and Reference (p) were used as guides in the evaluation of the equipment. Reference (o) is the specification which was original~ intended to govern the operation of the production models of 
the AN/ARC-19 (XN-l) equipments. These were to be manufactured by Bendix 
Radio, Division of Bendix Aviation Corporation. The addendum, Reference (p) applies on~ to the engineering models of the subject equipment. 

HEAT EXCHANGER TEMPERATURE TESTS 

Tests were conducted to determine the operational characteristics of the heat exchanger in the equi~ent. Actual operation was simulated as near~ as possible in these tests. The transmitter and receiver were operated alternately, indicated by "transmitter on" and "transmitter off" respectively on 
the individual curve sheets. These tests were performed at room temperature 
-50°C, and at +50°C. Each run was continued until no further increase in 
temperature was noted from one cycle to the next. The temperature at several different points inside the equipment case were recorded by means of thermo
couples and a pyrometer. 

96 
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The equipment was operated at all times during the temperature measure
ments. The regular cycle was continued and temperatures recorded while the 
ambient temperature in the weather chamber was being changed. This procedure 
was followed to prevent the necessity of waiting a long period of time for 
the equipment to stabilize after the ambient temperature of the weather ch~ 
ber hAd been changed. 

Tests at Ambient Temperature of +30°C. 

Figure 100 shows the heat exchanger temperatures during wa~up in a 
30°C ambient with the equipment operating in the receive condition. The 
curves on this figure show the temperature of the air at the heat exchanger 
internal intake and the temperature of the air at the internal exhaust after 
the air had passed over the inside surfaces -of the heat exchanger. The t~ 
perature of the air at the internal intake of the heat exchang~r stabilized 
after 105 minutes at about 56°C. At the same point, the temperature of the 
air at the internal exhaust was 48°C0 Comparison of these two curves shows 
that a reduction in temperature of S C was accomplished by the heat exchanger 
at this point. At any point on the time scale, the reduction in temperature 
of the air inside of the case afforded by the heat exchanger is indicated by 
the difference in these two curves at that point. 

The two curves for the external surfaces of the heat exchanger show 
that the temperature of the external air passing through the external sur
faces of the heat exchanger was increased by an amount proportional to the 
reduction in temperature of the air inside of the case. 

Figure 101 shows the heat excganger temperatures during wa~up, when 
the equipment w~s operated in a 30 C ambient temperature, on alternate trans
mit and receive cycles of 15 minutes each, as indicated in the figure. The 
curves in Figure 101 show that the stable temperature under these conditions 
was higher than when the equipment was operated on receive only. The tempera
ture of the air inside the case at the heat exchanger intake was 6)°C at the 
end of the 15-minute transmit inter- 70,..------.---.-----......----,------, 

val after the stabilization period. 
The temperature ot the air at the 
internal exhaus& or the heat ex
changer was 8.4 C lower than the 
temperature ot the air at the intake. 

The external blower is controlled 
by a snap-action thermostat which is 
located at the rear of the main deck. 
The blower motor is energized when 
the temperature of the air at the 
rear of the case reaches 40°C. Figure 
102 shows the temperature of the air 
at the thermostat and the cavity te~ 
perature versus time. The cavity 
temperature curve in Figure 102 
shows the temperature recorded with 
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Figure 100. -Heat exchanger tem
peratures for AN/ARC-19 (XN-1) serial 
number 2, at room ambient conditions 
with primary supply 2b. 5 vol te and 
transmitter cycled after stabilization. 
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a thermocouple placed on the cavity between the final amplifier and the second 
doubler. The temperature at this point was the hi6hest temperature recorded 
in the equipment when operated on transmit. 

Figure 103 shows the cavity temperature and the temperature of the air 
at the thermostat during warmrup in a JOOC ambient when the equipment was 
operated on transmit and receive alternately for 15-minute geriods. The 
maximum temperature of the~vity after stabilization was 76 C. At the time 
when the cavity temperature reached the maximum value, the temperature of the 
air at the thermostat was 60°C. 

The temperatures of the dynamotor housings during warm-up in a 30°C 
ambient are shown in Figure 104. The maximum temperature of the receiver 
dynamotor when the equipment was operating on receive was 56°C. The trans
mitter dynamotor is not in operation when the equipment is operating on re
ceive. The temperature of the transmitter dynamotor housing after st~bili
zation was 50.5°C. 

The temperature of the transmitter dynamotor, and the temperature of 
the receiver qynamotor when the equipment was operated on the 15 minute trans
mit and receive cycle, are shown in Figure 105. When the equipment was oper
ated in this manner, the temperature of both dynamotors was increased over the 
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temperature when operated on receive only. The maximum temperature of the 
transmitter dynamotor housing under this condition of operation was 66°C. 
The maximum temperature of the receiver dynamotor under the same condition 
of operation was 63°C. 

Figures 106 and 107 show the temperatures of the outside surfaces of 
the crystal oven housings under both conditions of operation. When the 
equipment was operated on receive (Figure 106), the maximum temperature of 
the crystal oven cases was 52.5°C. The temperatures of the cr,ystal oven 
cases when the equipment was operated on the 15-minute transmit-receive cycle 
is shown in Figure 107. The maximum temperature of the oven casEs under 
this condition of operation in a J0°C ambient was 60°C for the small oven 
and 58.5uC for the large oven. 

Tests at High Ambient Temperature 

Figure 108 shows the heat exchanger temperature for operation of the 
equipment on the 15-minute transmit-receive cycle in an ambient temperature 
of 50°C. The equipment was put into operation at room temperature at the 
same time that the temperature of the weather chamber started to increase. 
The maximum temperat~e of the air inside of the case at the intake to the 
heat exchanger was 77 C. The temperature of the air inside of the case at 
the exhaust o! the heat exchanger was 60°C. The reduction in temperature 
due to the heat exchanger was 17°0 when operated under these conditions. 
The ambient temperature of the weath~r chamber is shown in this fi~re. 
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The temperature of the air inside the case at the thermostat when the 
equipment was operating in a 50°C ambie3t is shown in Figure 109. The 
maximum temperature at this point was 75 C. Figure 109 also shows the 
temperature of the first doubler tube. This temperature was measured on 
the plate of the 2C39 doubler tube. The maximum temperature of the plate 
or this tube was 80°C. 

The temperatures of the modulation transformer case is shown in Figure 
110. The highest temperature recorded for the modulation transformer case 
during this test. was 71oc. 

Figure lll shows the temperatures of the dynamotor housing when the 
equipment was operated in a 50°C ambient. The maximum temperature of the 
receiver dynamotor housing was 80°C, recorded after 120 minutes of operation. 
The transmitter dynamotor housing reached a maximum temperature of 79°C. 

The temperatureaof the crystal oven cases when the equipment was oper
ated in a 50°C ambient are shown in Figure 112. The temperature of the 
large crystal oven housing reached 91oc after two hours, as measured on 
the case of the crystal oven near the base. The temperature at 
this part of the oven housing was the highest temperature encountered. The 
maximum temperature of the small crystal oven housing was 76°C. The crystal 
oscillators were designed to operate with crystals maintained at a temperature 
not to exceed +75°C. Consequently, it was necessary to bring the large 
crystal oven temperature down below 75°C. This was done b,y placing a baffle 
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in the heat exchanger internal exhaust air stream which deflected a portion 
of this air around the large oven. Figure 108 shsws that the heat exchanger 
internal exhaust air temperature never exceeds 60 C. The large oven is 
located only two inches from the outlet of the internal blower so that the 
baffle took the ~imp1e form of a curved piece of sheet metal mounted on the 
top of the filter choke on the i-f chassis. 

Tests at Low Ambient Temperature 

Figure 11.3 shows the temperatures or the heat e:xchanger intakes and 
exhausts when the equipment was operated in a -50°C ambient. The

0
temperature 

o£ the air inside the case at the thermostat did not re~ch the 40 C tempera
ture necessary to energize the external blower motor. The temgerature of the 
air inside the case at the intake of the heat exchanger was +4 C and the 
temperature of the air at the exhaust of the heat exchanger was -8}0c. 

The temperature of the cavity when the equipment was operated in an 
ambient or -50°C is shown in Figure ll4. The stabilized temperature of the 
cavity under these conditions was +17°C. 

The temperature of the first doubler tube is shown in Figure 114. The 
final temperature of the first doubler tube was +4°C. The temperature of the 
air inside the case at the thermostat is also shown as stabilizing to+3°C. 
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Figure 115 shows the temperature of the receiver dynamotor housing when 
the equipment was operated in an ambient temperature of -50°C. The tempera
ture of the receiver dynamotor stabilized at +l1°C. The transmitter dynamotor 
temperature, also shown in Figure 1151 stabilized a~ +4°0. 

The stabilized temperature of the two crystal oven housings are on~ two 
degrees different (Figure 116); the large oven housing stabilized at +1°C 
and the oven housing stabilized at +3°C. 

EQUIPMENT ~~IGHTS 

The weights of the total system and component parts are shown below: 

Weights of 
AN/ARC-19 (XN-1) 

Actual 
Weight 

(Pounds) 

Transmitter-Receiver (includes i-f and Monitor Units) 
Mounting Rack 

80.8 
2.2 

11.1 
0.3 
0.375 

Control Box and Indicator 
Mounting Plate (for Control Box) 
Aneroid Control 
Wiring Harness Consisting of: 

2 jack boxes 
1 junction box 
complete interconnecting cables and plugs* 

Antenna 
6.0 
2.55 

I-F Unit 8.6 
Monitor Unit 7.9 

* Power cable length-6 ft 
Other cable lengths-4 ft each 

RECEIVER PERFGfu~NCE 

Specified 
Weignt 

(Pounas) 

so.o 
8.0 
s.o 
0.3 
1.0 

The receiver sensitivity. was measured and the results are shown in Figures 
117, 118, 119, and 120. A Ferris Model 48A signal generator was tuned to the 
receiver frequency and the signal strength was adjusted until a 4:1 signal-plus
noise to noise power ratio was obtained at the receiver output. All sensitivity 
measurements were conducted with the input si~nal 30 percent modulated at 1000 
cps. Coupling from the sigpal generator to the receiver consisted of a five
foot length of 5o-ohm coaxial cable fed directly from the 11Hi11 tap of the signal 
generator pad to the receiver antenna fitting. Since the audio noise level o! 
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the receiver when operated in the ''both" position was double that in the 11main11 

position, main channel sensitivities were measured for each control box settin~ 
Similarly, the guard channel sensitivities were measured for the 11 both11 and 
11 guard 11 selector switch positions of the control box. The increased noise 
level in the "both" position was due to the noise of the main channel mixer 
and the guard channel mixer being simultaneouslY fed into a common i-f ampli
fier. The noise level of the i-t was negligible compared with the noise 
level generated in the mixer circuits. The receiver main channel sensitivities 
at a standard primar,y supplY voltage of 26.5 volts varied between the limits 
of 1.0 microvolt and 19.0 microvolts over the 220 to 376 Me frequency range 
as shown in Figure 118. At each frequency the audio output was in excess of 
100 milliwatts unless reduced to 100 milliwatts by the audio gain control. A 
change in primar.y supp~ voltage to 23.8 volts or 29.2 volts had no appreci
able effect upon the seneitivities. Figures 117 and 119 show results of 
measurements at 23.8 volts and 29.2 volts, respective~. The slight dis
crepancies between the curves is due primari~ to difficulty of tuning the 
signal generator and to variations of the room ambient noise level. It should 
be noted that the Ferris Model 48A signal generator is extremely difficult 
to tune properlY to a_receiver which has a narrow bandwidth such as the 
AN/ARC-19 (XN-1) receiver. The frequency stability and bandspread tuning 
of this generator are inadequate for precision measurements. As a result, 
the error in sensitivity measurements could be as great as-25 percent. The 
guard channel sensitivity was found to var.y between 7.5 microvolts and 19.9 
microvolts when the main channel receiver setting was varied within the limits 
of the frequency band (Figure 120). 

Sensitivities were measured at the extremes of the specified temperature 
range for primary supplY voltages of 23.8 volts and 26.5 volts. The results 
or the low temperature test, -50°C, are shown in Figure 121 and the results 
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ot the high temperature test, +50°C, are shown on Figure 122. The conditions 
for opt~ sensitivity occurred at +S0°C where the sensitivities were best 
at the high frequency end ot the band and were poorest at the low end. The 
sensitivity measurements during the temperature test indicated no sensitivity 
poorer than 16 microvolts. 

Specifications of Reference (o) require the receiver AVC action to be 
such that a one-millivolt signal modulated 30 percent at 1000 cps will pro
duce an audio output of 450 milliwatts to 600 milliwatts and that the output 
produced by a 4Q-microvolt signal and a 10-millivolt signal be less than two 
decibels below or above the output with a one-millivolt signal input. In 
addition, it is required that no blocking be produced by input signals up to 
two volts. Results of the AVC tests under Standard Conditions are shown in 
Figures 123 through 127. The receiver noise output power and AVC voltages 
are shown on the same figures. Figure 123 shows the characteristic of the 
receiver audio output versus the input s.ignal at 220 Me. In this case the 
output with a one-millivolt signal was 950 -milliwatts. The output at 40 
microvolts and 10 millivolts was minus 5.0 decibels and plus 0.2 decibels, 
respectively, from 950 milliwatts. The audio output level at the one-milli
volt input can be reduced from 950 milliwatts to 500 milliwatts or below 
with the audio gain control to complY with the specifications, but the point 
at 4Q-microvolts input on the characteristic curve will remain three decibels 
below the specification requirements. Figures 124, 125, and 126 give the AVC 
data for a frequency o! 303.8 Me at 23.8, 26.5, and 29.2 primar,y supply volt
ages, respectively. The curves at 23.8 volts and 29.2 volts are entirely 

1-
::> 
a.. 

20 

18 

16 

14 

z 12 
I 

(/) 

~ 10 
0 
> 
~ 8 
u 

l: 6 

4 

2 

0 

""" 
~ 
..........._ 

220 

~ 26.5 PRIMARY VOLTS 

"' ~GUARD ON 

~ 
'~ 

........... 

~ 
"""11:::::::: R 

........ 

"' ~ r----b-,. ~ ~ -...... ~ ~ ~~ ~ ~ 
23.8 PRIMARY VOLTS/ ~ 

~ """' ~ GUARD OFF ---- ~ ~ 23.8 PRIMARY VOLTS 

I """'-=:::: 
~ ........... 

~ ~GUARD ON 
-

26.5 PRIMARY VOLTS ~ 
GUARD OFF ~ 

~ I I I I 
240 260 280 300 320 340 360 380 400 

FREQUENCY MEGACYCLES 

Figure 122.-Receiver main channel sensitivity of AN/ARC-19 
(XN-1), serial number 4, at +50° ambient temperature with squelch 
disabled. 



EQUIPMENT EVALUATION 113 

toK.-------~------r--------.------r-------,•ooo 

AUDIO OUTPUT- MILLIWATTS 

NOISE MILLIWATTS 
IOL------~------L-----'"-""""""-----......il..-..------1. 

10 100 IK 101< lOOK 

MICROVOLTS INPUT 

w 
(/) 

0 z 

Figure 123.-.Receiver AVC characteristics of AN/ARC-19 (XN-l).J> serial 
number 4, at room ambient conditions. Primary supply is 26.5 volts, 
freCJlency is 220 Me and input is 30 percent modulated at 1,000 cps. 

•otLr------~.-------~------.--------y-------•ooo 

C/1 
1-
....J 

1- 0 

~IK 1--------+- -----+----- AUDIO OUTPUT- MILLIWATTS ------fiOO> 
1- 0 
~ > 
0 ~ 

~ G 

; ~ 
~ ~ = ~ 2 ~ 

..J 
lOOt---_...;~---+------+------- VC VOLTS----+--------::iiO i 

__ _j~------~--~------~~~t-------~--~ ~ 
z 

NOISE MILLIWATTS 
IOL-~--------L-----~==~======~============================~1 

I 10 .100 IK IOK 1001< 

MICROVOLTS INPUT 

Figure 124.-Receiver AVC characteristics of AN/ARC-19 (XN-1), serial 
number 4, at room ambient conditions. Primary supply is 23.8 volts, 
frequency is 303.8 Me and input is 30 percent modulated at 1,000 cps. 



114 THE AN/ARC-19 (.xN-1) 

IOKr------------r------------~-----------,------------~----------~1000 

NOISE MILLIWATTS 

IK 

MICROVOLTS INPUT 
IOK 

w 
(/) 

5 z 

Figure 125.-Receiver AVC characteristics of AN/ARC-19 {XN-1), serial 
number 4, at rooln ambient conditions. Primary supply is 26.5 volts, fre
quency is 303.8 :Me, and input is modulated .30 percent at 1,000 cps. 
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within the specification limits while the curve for 26.5 volts deviates 
slightly from specification requirements at the 4Q-microvolt input level. 
There the output is down 3.2 decibels. Figure 127 is the AVC characteristic 
at 368.0 Me and is within the specification requirements, While the 6uard 
channel AVC characteristic shown on Figure 128 is outside or the specified 
limits at the 40-microvolt input level where the output is down 3.4 decibels. 
The effect of the temperature test upon the receiver AVC characteristics is 
shown by the curves of Figures 129 and 130, the characteristic curves at 
a frequency of 361.4 Me in an ambient temperature of -50°C and +50oc, 
respective~. The audio output leveled at approximatelY one watt during the 
test at -50 C while the output d~ing the test at +50°C was approximately 
two watts. The audio output at +SOOC was ~eater over the entire range of 
input signals than the audio output at -50 C. The AVC characteristic at 
+50°C is within specification limits, but the output for 4Q-microvolts in

put at a temperature of -50°C is 2.4 decibels below the output level for 
a one-millivolt signal. 

The i-t select-ivity was measured instead of the overall characteristic 
since no adequate test equipment was available for accurate overall selec
tivity measurements at these frequencies. However, the i-f selectivity may 
be considered to be identical to the overall selectivity due to the broad
ness of the r-t tuning circuits. Figure 131 shows the results of these 
measurements. The bandwidth was 60 kc at 6 decibels, 97 kc at 40 decibels, 
110 kc at 60 decibels, and 126 kc at 80 decibels. This performance is in 

accordance with paragraph E-lOd of Reference (o). 
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Figure 128.-Guard channel receiver AVC characteristics of AN/ARC-19 
(XN-1), serial number 4, at room ambient conditions with primary supply 
26.5 volts. Frequency is 2:74.0 Me; input is 30 percent modulated at 
1,000 cps. 
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Figure 129.-Receiver AVC characteristics of AN/ARC-19 (XN-1), serial 
number 4, at -50°C ambient temperature with primary supply 26.5 volts. 
Frequency is .361.4 Me; input is 30 percent modulated at 1,000 cps. 
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Figure 130.-Receiver AVC characteristics of AN/ARC-19 (XN-1) 1 serial 
number 4, at +500C· .ambient temperature. Primary supply is 26.5 volts, 
frequency is 361.4 Me, and input is 30 percent modulated at 1,000 cps. 

2 

Cl)3 
..J 
&&I 

0 

, -
0 

0 

!!!40 
(,) 
&&I 
0 

0 

6 0 

7 0 

80 

I 
ZERO DB INPUT 135 P. VOLTS 

(""' ~ 
I 

I 
I 

~ 

I 
I 
I 
I 

I . 
I 

I I 
70 100 I!SO 200 250 1000 

FREQUENCY- KC 

Figure 131.-I-F Selectivity of AN/ARC-19 (XN-1), Serial Number 4, at Room 
Ambient Conditions; Primar.y Supply 26.5 Volts. 



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

The image and spurious responses have been measured and the results are 
shown in Figures 132 and 133. Figure 133 is an expanded scale graph of the 
same data that is shown in Figure 132, but Figure 133 was necessary to identify 
the responses which were present near the resonant frequency. In each section 
of both figures the receiver was first set on the desired channel frequency, 
then the frequency band of 200 to 500 Me was investigated with a signal genera
tor to determine the spurious responses. The operation principles of the sub
ject equipment require the use of several crystal oscillators and a spectrum 
generator operating continuouslY. Consequent~, ma~ spurious responses are 
present. In most cases it has been possible to reduce the magnitude of the 
undesirable responees to a level which complies with the specifications, but 
some remained objectionable. Since the master oscillator operates at one
fourth of the conventional mixing frequency, harmonics of the master oscillator 
other than the fourth, are also present in the mixer tube. Hence the resulting 
spurious responses occur at multiples of the master oscillator frequency. Those 
existing within the 200 to 500 Me band are shown in Figure 132. At frequencies 
below 310 Me the magnitude of these responses is 60 decibels or more below the 
resonant response. Above 310 Me the responses caused by the master oscillator 
har.monics were 40 decibels or more below that at the resonant frequency. A 
second cause of many spurious responses was the injection of the lQO-kc spectrum 
from the monitor blocking oscillator through the 15Q-volt regulated supply to 
the receiver mixer stage. These are most clearly indicated b.1 reference to 
Figure 133, where it may be seen that they are prevalent only near the resonant 
frequency. In general, these responses are 50 decibels or more below the 
resonant response. Other spurious responses were due to multiples of the guard 
channel crystal oscillator frequency and to the monitor comparison frequency 
(11 to 20 Me) feeding into the receiver mixer stages, but the resulting re
sponses were of lower magnitude and hence less objectionable than those pre
viously described. 

The AN/ARG-19 (XN-1) does not provide any image rejection, but the inter
mediate frequency was so selected that the image would fall between channels. 
However, the low frequency i-f causes the spurious responses to ~ppear in 
pairs, 286 kc apart. 

The arithmetic mean of the two frequencies (on either side of the 
nominal intermediate frequency) which are 40 decibels below resonance (98 kc 
and 192 kc) is 145 kc which is within 10 kc of 150 kc and complies witb the 
requirements of paragraph E-lOe of Reference (o). 

The intermediate frequency rejection was found to be very good. No re
sponse was obtained for an input signal of 1.2 volta to the receiver at the 
intermediat~ frequency when the receiver was tuned to 220 Me, 303.8 Me, or 
376 Me. The i-f rejection is, therefore, better than 95 decibels. 

An overall regeneration in the receiver occurred during the receiver 
measurements. Proper alignment of the frequency divider circuits eliminated 
the regeneration. The divider tuning is critical and great care must be 
exercised in aligning these circuits to insure proper receiver operation. 
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A test of the noise limiter operation was conducted in accordance with 
paragraph E-lOh of Reference (o). A Ferris Model 48A signal generator and a 
Laborator,y model duo-pulser noise generator were used in the manner described 
in the specification. However, no apparent change in input si~l WP.s nec
essary to produce the 100-milliwatt output with a six-decibel signal-plus
noise to noise ratio when the pulse generator was inj~cting noise signals in 
excess of one volt. Figures 134 and 135, show the operation of the noise 
limiter under conditions of noise output from a General Radio Company Strobotac 
Type 631B injected to the i-f input. A Dumont Type 224 oscilloscope was 
connected t o the grid of the first audio 
amplifier following the noise limiter cir
cuits. Figure 134 was photographed when 
the noise limiter was disabled, and Figure 
135 was taken with the zaoise limiter 
operative. It may be seen that the noise 
limiter effectively reduced the noise 
pulse amplitude to the level of the 
modulation. A 14Q-kc signal modulated 
30 percent by a 1000-cps sine wave was 
provided by a Ferris Model 16C signal 
generator simultaneously t ith the noise 
input at 500 cps. The width of the noise 
pulse was not measured. 

A receiver audio fidelity was meas
ured for an audio frequency range of 60 
to 10,000 cps (Figure 136) . Maximum 
response occurred between 500 and 750 
~ps while the response at 1000 cps was 
down 0.5 decibel from the maximum level. 
The audio response at 300 cpa was 1.7 
decibels and at 4000 cps was 10.8 decibels 
below the 1000 cps response. Receiver 
audio distortion versus percent modulation 
is shown in Figure 137 for modulation fre
quenc.ies of 400, 1000, and 5000 cps. The 
receiver noise limiter affected the audio 
distortion at high modulation levels. At 
a modulation frequency of 400 cps the audio 
distortion exceeded 15 percent for modula
tion levels above 62 percent. At higher audio 
frequencies the distort~on was lese than 15 
percent for modulation levels up to 100 per
cant. Figure 138 indicates a sli8}lt change 
in percent distortion as a function of the 
primar.y supply voltage. The audio distortion 
was measured for input signals ted to the i-f 
input at 140 kc, and the results are shown in 
Figure 139. The limiting action of the AVC 
in the r-f stage is not realized since the 
signal injection is made to the i-f amplifier. 
Results comply with specification.. 

Figure 134.-Receiver 
aud:io signal, with noise in
jectio~of AN/ARC-19 (XN-1), 
serial number 4, at standard 
conditions with limiter in
operative. 

Figure 135.-Receiver 
audio signal, with noise in
jection, of AN/ARC-19 (XN-1), 
serial number 4, at standard 
conditions with limiter in 
operation. 
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supply 26.5 volts. 

1-
z 
1&.1 
0 
a: 
1&.1 

3 

"" "-""" y 

11. 2 

20 22 24 26 28 
PRIMARY VOLTAGE 

Figure ]38. -Receiver audio dis
tortion vs primar,y supply voltage for 
AN/ARC-19 (XN-1), serial number 4, at 
room ambient conditions; input modu
lated 30 percent at 1,000 cps. 

30 



EQUIPMENT EVALUATION 123 

15 

z 
0 

.... 
a: 
0 .... 
(/) 10 
0 
.... 
z 
w 
(.) 

a: 
w 
~ 5 

0 
10 100 It< IOK lOOK 

I. F. INPUT- MICROVOLTS 

Figure 139. -Receiver audio distortion vs IPicrovolts input to I. F. for 
AN/ARC-19 (XN-1), serial number 4, at room ambient conditions; primary supply 
is 26.5 volts, and input frequency is 140 kc, 30 percent modulated at 1,000 
cps. 

The audio gain control characteristic curve and receiver reserve gain 
are shown in Figure 140. For this measurement a 2.5-microvolt input signal, 
30 percent modulated with 1000 cps, was injected to the receiver input at a 
frequency o! 268.4 Me. The sensitivity control was set in the ma~ 
position. At tu1l audio gain the receiver audio output was 200 milliwatts 
with a 6-decibel signal~plus-noise to noise ratio. The audio output was 
then reduced by a decrease in the audio gain control setting. Approximately 
three-fourths of the maximum setting was required for 100 milliwatts output. 

The Qptimum load resistance of the audio output circuit varied with 
modulation frequency. From Figure 141 it ~ be seen that the optimum 
resistive loads were 400, 900, and 
2000 ohms for modulation frequencies 
of 400, 1000, and .3500 cps, respec
tive:!Jr. 

The r-r gain control character
istic is shown in Figure 142. It was 
possible through the use of the r-t 
gain control to decrease the sensi
tivity from 2.5 microvolts to 800 
microvolts. Measurements were made 
at a frequency ot 268.4 Me. 

A receiver squelch operation is 
shown in Figure 143 as a function or 
primar,y supply voltage. Operation 
of the noise silencer is accomplished 

200 
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I 
MIN. 
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.... .... 

MAX. 

AUDIO GAIN CONTROL POSITION 

Figure 140.-ReceiTer reserve 
gain of AN/ ARC-19 (XN-1), serial num
ber 4; input 2.5 microvolts at 268.4 Me, 
30 percent modulated at 1,000 cps. 
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Figure 141.-Audio Output vs Load Resistance for AN/ARC-19 (XN-1), Serial Num
ber 4; Input is 100 Microvolts at .303.8 Jlc, 30 Percent Modulated at 1,000 cps. 
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Figure 142.-sensitivity control 
range or AN/ARC-19 (XN-1), serial 
number 4, at room ambient conditions, 
with squelch disabled. Frequency is 
268.4 Me and the constant output is 
200 Mw. 

by a relay as previously described in 
this report. Its operation is positive, 
but not smooth, due to an abrupt change 
in audio output when the squelch relay 
is energized. However, operation of 
the squelch by a relay is considered 
to provide performance more desirable 
than the conventional squelch operatio~ 
A change in input of less than one 
decibel affected a change in output in 
from zero to a level in excess of 100 
milliwatts. The signal input level 
(30 percent modulated) required to 
operate the squelch with the receiver 
operating at maximum sensitivity is 
shown in Figure 143. The microvolt 
level required for squelch operation 
may be increased above these values by 
the reduction of the r-f gain control. 
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TRANSMITTER PERFORMANCE 

Transmitter carrier power output 
measurements were made using a 50-ohm 
load at the end of a five-foot, 50-ohm 
coaxial line. A matching section in
serted in the coaxial line permitted 
maximum power to be obtained at the 
lamp load. A photocell was calibrated 
with a known d-e supp~ to convert 
light·brilliance of the lamp load to 
r-f power output. Results of carrier 
power output measurements over the 
frequency band are plotted in Figure 
144. Primary supply voltages of 23.8, 
26.5, and 29.2 volts were used for the 
test. Specifications, Reference (p), 
require an output of 4.0 watts under 
Standar~ Conditions and 4.0 watts 
under Service Conditions. The actual 
carrier power output varied between 
4.4 watts and 6.5 watts over the fre
quency range, and was between 5.5 
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Figure 143.-Receiver squelch 
characteristics of AN/ARC-19 (XN-1), 
serial number 4, at roam ambient con
ditions. Coupling to the receiver 
input is made through five feet of 
50-ohm coaxial cable. 
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19 (XN-1), Serial Number 4, with 50-ohm Resistive Load 
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watts and 6.0 'vtatts over most of that frequency range. At a primary supply 
of 23.a volts the carrier power. was in excess of four w~tts, and at 29.2 
volts was in excess of 4.9 watts for all frequencies. Reference to Figure 
144 will show an apparent discrepancy in the data since the output at 361 Me 
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Figure 145.-Transmitter power 
output(at -50°C ambient temperature) 
of AN/ARC-19 .(XN-1), serial number 4, 
with 50-ohm resistive load. 
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Figure 146.-Transmitter power 
output (at room ambient temperature) 
of AN/ARC-19 (XN-1), serial number 4, 
with 50-ohm resistive load. 

was greater with a primary supply of 23.8 volts than for 26.5 volts. Such a 
condition can and does exist with this equipment. Since the oscillator first
doubler condenser gang and the second-doubler final-amplifier condenser gang 
are coupled to a common motor-drive system, any frequency correction accom
plished by a change of the oscillator variable condenser also changes the 
tuning of the first doubler, second doubler, and final amplifier. If the 
drift characteristics of the oscillator circuit do not coincide with the 
drift of the three succeeding tuned circuits, frequency correction by the 
motor-drive system will detune the doubler and amplifier stages. However, 
assuming similar drift characteristics, the changes in transmitter power 
output will not be appreciable if the transmitter is exactly aligned and 
tracked so that the resonant peaks of the~o doubler and one amplifier 
circuits always fall within the ma.stt:r oscillator mechanical slot width. 
This is true because the ± 40-kc swing of the master oscillator mechanical 
slot width will not appreciably detune the doubler and amplifier sta5es. 

After the above test had been conducted at room ambient conQitions, the 
transmitter, divider, and receiver circuits were realigned and the equipment 
was placed in the weather chamber. Following a two and one-half hour temper
ature stabilization time at an ambient temperature of -50°C, the equipment 
was turned on, and power output measurements were be5un within five minutes 
after the equipment was made operative. The power output of the transmitter 
was within the minimum limit of the specifications throughout the frequency 
band. The lowest power output level was obtained on channel 807, (361..4 Me), 
where the output was 4.2 watts with a primary supply of 23.8 volts. This is 
the lowes£ power output likely to be encountered under Service Conditions. 
Figure 145 shows the unmodulated carrier power output at other frequencies 
and at primary supply voltages of 23.8 volts and 26.5 volts for equipment 
operation in an ambient temperature of -50°C. Figures 146 and 147 show the 
data for the ambient temperature tests at room temperature and at +50°C, 
respectively. The room temperature data differs from the original room 
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temperature power output mea~urements, Figure 144, due to the realignment oi 
the transmitter before the latter tests. The minimum output at a primary 
supply of 23.8 volts was 4.6 watts at room temperature and 5.1 watts at 50°C. 

The speech leveler circuit provided in the transmitter modulator permits 
attainment of high modulation levels with low microphone input voltages; yet, 
with greater increases in microphone voltage the modulation level remains re
latively constant (Figure 148). The speech leveler circuit has been used in 
place of a clipper type modulator. The kneea of the curves of Fi6ure 148 
are determined by the delay voltage applied to the speech leveler detector. 
Since the detector rectifies a small portion of the modulator a-f voltage·to 
produce a negative bias and reduce the modulator gain, the delay voltage- can 
be determined for only a single a-f level. The delay volta6e can be deter
mined to produce a given percent modulation at the kne• of the curve for a 
single power output level. Any increase or decrease in carrier power output 
causes a decrease or increase, respectively, in the modulation percentage. 
It may be seen from Figure 148 that the knees of the curves occurred at a 
microphone input of approximately 0.75 volts, but the percent modulation at 
the leveling point varied between 52 percent and 68 percent. Further in-
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crease of the microphone input to ?.8 volts increased the modulation level 
from 52 percent to 70 percent ~t 361.4 Me and from 68 percent to 90 percent 
at 220 Me. 

The transmitter fidelity was satisfactory over the modulation frequency 
range of 300 cps to 3500 cps. The level at 300 cps was minus 0.5 decibels 
and at 3500 cps was minus 1.0 decibel from the response at 1000 cps. Spec
ifications of Reference (o) permit a variation from the 1000-cps level of 
plus 1.4 decibels or minus 3.6 decibels. Figure 149 shows the fidelity 
characteristics at three r-f frequencies. Attenuation at frequencies below 
JOO cps. is not as rapid as practicable without the use of iron core filters. 
The response at 50 cps is approximately four decibels below that at 1000 cps. 
The effect of tracking error is illustrated by the fidelity curve at 220 Me. 
During measurements the master oscillator dxifted enough for frequency 
correction to be made by the motor drive system, and caused a change in trans
mitter tuning. Since the transmitter carrier power output was changed, the 
microphone voltage input for a given percent modulation was also changed. 

The total harmonic content of the modulation envelope was 7.5 percent 
at 30 percent modulation with 1000 cps, as shown in Figure 150. The dis
tortion increased with an increase in percent modulation. Figure 151 shows 
transmitter distortion versus modulation frequency at a 30 percent modulation 
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Figure 148.-Transmitter modulation characteristics, for voice operation, 
of AN/ARC-19 (XN-1), serial number 4, at room ambient conditions; primary 
supply is 26.5 volts. 
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Figure 149.-Transmitter 
fidelity of AN/ARC-19 (XN-1), 
serial number 4, at room am
bient conditions with 30 per
cent modulation; primar,y 
supply is 26.5 volts. 

PfiiC(NT NODULATION 

Figure 151.-Transmitter 
'It 

distortion vs modulation 
frequency (for voice opera
tion) of AN/ ARC-19 (XN-1), 
serial number 4, at room 
ambient condi tiona, and with 
30 percent modulation. Pri
mar,y supply is 26.5 volts. 
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Figure 150.-Transmitter 
distortion vs percent modula
tion (for voice operation) of 
AN/ARC-19 (XN-1), serial num
ber 4. Modulation frequency 
is 1,000 cps and primar,y supply 
is 26.5 volts. 
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level. At frequencies lower than 1000 cps the percent distortion increased 
slightly, but at higher audio frequencies the distortion decreased. 

The microphone energizing current, measured with the dummy microphone 
connected and the equipment operated from a 26.5 volt d-e supply, was 50.0 
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Figure 152.-Transmitter modulation 
characteristics and distortion with 
tone operation of AN/ARC-19 (XN-1), 
serial number 4, at room ambient con
ditions; primary supply 26.5 volts. 

milliamperes. This complies with 
the specifications. 

The percent modulation of the 
r-! carrier during operation of the 
transmitter with tone modulation 
was 100 percent at 220 Me and 303.8 
Me, but decreased to 80 percent at 
a carrier frequency of 376 Me 
(Figure 152). D:is tortion measure
ments were made for these conditions 
of tone modulation and resu~~a are 
also shown in Figure 152. The per-
cent distortion was as high as 34 
percent, but it is beli~ved that in 
nor.mal operation of the transmitter 
this distortion would not impair 
the intelligence of the radio tele
graphy wh~n the transmitter is keyed. 
The frequency of the tone modulation 
was approximately 1000 cps. Para

graph E-101(5)b of Reference (o) permits the location of the modulation fre
quency to be between 800 and 1200 cps. Measurements were made by comparison 
with a Hewlett Packard Type 200C audio oscillator which was considered to be 
sufficiently accurate for this purpose. 

The sidetone output ~uring transmitter operation was unsatisfactor.y. A 
circuit change will be necessary to provide an adequate output level of the 
sidetone. No measurements were made 
of sidetone operation since a listen-
ing test showed no usable output. 

The results of measurements of 
the transmitter carrier shift are 
shown in Figure 153 for a 1000-cps 
modulation frequency. Tests were 
conducted with a percent modulation 
meter designed and conducted at 
the Laboratory. The carrier level 
was measured with a meter which read 
average voltage. Both positive and 
negative peak modulation percentages 
were measured and were found to be 
approximately equal. The transmitter 
was modulated with 1000 cps at 30 
percent or 60 percent and the carrier 
level noted. Modulation was then re-
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Figure 153.-Transmitter carrier 
shift of AN/ARC-19 (XN-1), serial num
ber 4 at room ambient conditions. The 
modulation frequency is 1,000 cps and 
the primary supply in this case also 
is 26.5 volts. 
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moved and the increase in the carrier level was recorded as a percent o! the 
orginal carrier level. Figure 153 shows that with 30 percent modulation 
the maximum carrier shift was nine percent at a carrier frequency of 344.6 Me. 
With an orginal 60 percent modulated envelope at a carrier frequency of 344.6 
Me the amplitude increased 16 percent when the modulation was removed. 

The transmitter carrier noise level under Standard Conditions was 
measured for carrier frequencies of 220 Me, 303.8 Me., and 376 Me (Figure 154~ 
A diode detector was used to obtain the noise signal from the unmodulated 
carrier and again from the same carrier when modulated 30 percent with 1000 
cps. The voltage from the detector was amplified by a single audio amplifier 
stage and the output measured by a General Radio Type 583A power output meten 
The noise level has been expressed in decibels for the ratio of output with 
30 percent modulation to the output w1th no modulation. The ratio is least 
at the high end of the frequency band where, at 376 Me, the ratio was 29.5 
decibels. 

Under Standard Conditions and with the emitted carrier amplitude modu
lated 80 percent at 1000 cps, the peak frequency deviation arisin6 from fre
quency modulation of the master oscillator was 2.51 kc at a carrier frequency 
of 220 Me. At all other carrier frequencies the peak frequency deviations 
were less than that above and are shown in Table 4. 

INPUT POWER REQUIREMENTS 

The input power requirements of the subject equipment are shown in Figure 
155. The input current during warmup was lowest since plate voltage to the 
i-f amplifier is not applied until the monitor wa~up and

1
cycling is co~ 

plete. In addition, the external blower was not operating. After warm-up 
the monitor cycled and plate voltage was applied to the i-t amplifier at the 
completion ot the cycle. When the internal temperature at the thermostat 

0 . 
reached approximately 40 C, the thermostat operated and the external blower 
was started. The input current was then the normal receive current of the 
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Figure 154.-Transmitter Noise Modulation of AN/ARC-19 (XN-1), Serial Number 
4, at Room Ambient Conditi.ons; Primary SUpply 26.5 Volts. 
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TABLE IV Frequency Modulation 
AN/ARC-19 (XN-1) Serial No. 4 

Channel Amplitude 
Channel Frequency Percent 
Number Me Modulation 

100 220.0 30 
519 303.8 30 
880 376.0 30 

100 220.0 80 
519 303.8 80 
880 376.0 80 

F-M Peak 
Deviation 

kc 

2.51 
0.59 
0.505 

2.51 
0.76 
0.59 

equipment as shown on a separate curve of Figure 155. The input current re
quired during channel selection was measured during cycling when the tuning 
motor was driving at normal speed. It does not include motor starting 
current. The external blower was operating. When the push-to-talk micro
phone button was operated, and the selector switch was in the transmit tone 
position, the current drain of the transmitter stages caused the primary 
supply current to be increased to the values on the curve labeled transmitter 
current. Reference to Figure 155 shows that the current requirements at a 
primary supply of 26.5 volts are 13.8 amperes for receiving and 20.4 amperes 
for the transmitting condition. 

CHANNEL SELECTION TIME 

The elapsed time between the instant the channel selector switch is 
positioned to select a given channel, and the instant the equipment is in 
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an operative condition on the 
selected channel, varies with the 
channel number selected and with 
the primar,y supply voltage as shown 
in Figure 156. The greatest time 
required for any channel change 
occurred when the equi~ent was 
stabilized on channel 875 and then 
recycled to the same channel. The 
time required for this change was 
5.1 seconds with a 26.5-volt supplY 
and 5.45 seconds ~ith a 23.8-volt 
primary supply. The data for 
Figure 156 were recorded at room 

Figure 155.-Input power require- temperature, but a test at an 
ments of AN/A!C-19 (XN-1), serial num- ambient temperature of -50°C showed 
ber 4, at room ambient conditions. identical results. 
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The receiver i-f disable relay and squelch circuits operated satisfa~ 
torily to remove receiver audio output during channel selection. At the com
pletion of the cycle the ready light was energized, and the channel indicator 
unit showed the selected channel 
number. 

The receive-transmit time inter
val is very short, and accurate 
measurements were not made. However, 
the time was determined to be less 
than 500 milliseconds, the period 
required for the transmitter dyna
motor to attain proper speed. The 
transmit-receive interval was much 
less since the change was dependent 
only upon relay operation. 

FREQUENCY STABILITY 

The distribution of error in 
frequency !or 676 channel selections 
is shown in the following tabulation 
and in Figure 157. Of the 676 chan
nel selections, 75 percent were with
in plus or minus 1.0 kc of the correct 
channel frequency, and none of the 
channels selected were off in fre
quency more than 3:84 kc. Only one 
channel showed an error of 3.84 kc 
and the remainder were within 3.0 kc 
of the correct channel frequency. 

Distribution of error in frequen
cy at room temperature for 676 channel 
selections of AN/ARC-19 (XN-1), serial 
number 3, with primary supply 26.5 
volts: 

Error (kc) 
From 
-More 
-4.0 
-3.5 
-3.0 
-2.5 
-2.0 
-1.5 
-1.0 
-0.5 

0 
0.5 
1.0 

More 
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Figure 156.-Channel selection 
time of AN/ ARC-19 (XN-1), serial num
ber 3, at room ambient conditions. 
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Tests were conducted to determine the overall stability of the AN/ARC-19 
(XN-1) at room temperature, at -50° C and at +50° C. These tests were con
ducted for both transmit and receive operation on eight discreet channels. 
The eight channels were selected in such a manner that all crystals and both 
polarities of the discriminator were included. The stability measurements 
were obtained by measuring the frequency of the r-f divider output. The 
error or drift in frequency thus obtained was multiplied by 20 to 5ive the 
error at the output frequency. The frequency of the r-f divider output was 
measured with the frequency standard and frequency measuring setup described 
previously in this report. The accuracy of these frequency measurements is 
within 0.00001 percent. 

Figure 158 shows the frequency stability for eight channels when the 
equipment is operated on transmit in room ambient conditions. The curves 
shown in the figure are labeled as to the number of the channel. These curves 
are plotted as actual frequency deviation from the allocated channel frequency 
against time. The maximum deviation from the allocated channel frequency for 
any of the eight channels is 4 kc at the output frequency. This deviation was 
recorded on only one channel and for all of the other channels the deviation 
was conside~ably less. 

Figure 159 shows the frequency stability for ei5ht channels when the 
equipment is operated on receive in room ambient conditions. The maximum fre
quency deviation of any of the eight channels under these conditions of opera
tion is 2.S kc. This deviation was recorded only on one of the eight channels 
and the maximum deviation for any of the other seven cbJ.nnels was less than 
2 kc. The frequency deviation of channel number 500 in receive operation is 
less than 1 kc while, in transmit operation, this channel showed the maximum 
deviation of 4· kc. The accuracy for either receive or transmit condition is 
considerably better than the specifications for frequency stability demana. 

Figure 160 shows the frequency stability during wa~up for an AN/ARC-19 
(XN-1) equipment operatin5 on transmit in room ambient conditions on channel 
number 100. This figure shows that the frequency of the equipment is well 
within the specified frequency limits after less than one minute warm-up. 
After this time, the maximum frequency devi.:;\tion at the output frequency was 
3.3 ~c and after two and one-half minutes, the maximum frequency deviation 
was 2 kc at the output frequency. 

The frequency stability of the AN/ARC-19 (XN-1) equipment in an ambient 
temperature of -50° C is shown in Figure 161 for three channels. The equipment 
was allowed to temperature stabilize for 2.5 hours at -50° C before applying 
power. The maximum frequency deviation recorded during this test was 3.1 kc. 
This deviation was recorded on channel number 210 with the equipment operating 
on receive. 

Figure 162 shows the frequency stability when the equipment is operated 
in a +50° C ambient temperature. The equipment was allowed to temperature 
stabilize at +50° C for 1.5 hours before applying power. The maximum fre
quency deviation recordWduring this test was 1.25 kc. This deviation was 
recorded on channel number 807 when the equipment was operated on transmit. 
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Figure 163 shows the channel frequency deviations when the AN/ARC-19 
(XN-1) is operated in an ambient temperature of -50° C. These tests were 
spot checks of the frequency on channels not included in the other stability 
runs. These spot checks of channel frequency were made at supply voltages ot 
23.8 volts, 26.5, and 29.2 volts. When the supply voltage was reduced to 23.8 
volts, the maximum deviation in frequency was 5.8 kc and was recorded on the 
lowest frequency channel when the equipment was operated on receive. The 
average deviation for all channels was greater when the supply voltage was de
creased to 23.8 volts than for supply voltages or 26.5 volts and 29.2 volts. 
With a supply voltage of 26.5 volts, the maximum frequency deviation recorded 
was 4 kc on the lowest frequency channel when the equipment is operated on 
receive. The maximum frequency deviation when the eq~ipment was operated 
with a supply voltage of 29.2 volts was 3.6 kc. The lowest frequency channel 
showed the greatest deviation. 

Figure 164 shows spot checks of channel frequency deviations for the 
AN/ARC-19 (XN-1) when operated in an ambient temperature of +50° C with 
supplY voltages of 23.8 volts, 26.5 volts, and 29.2 volts. The maximum fre
quency deviation recorded with a supply voltage of 23.8 volts was 1.4 kc, re
corded on two channels. A frequency deviation of 1. 5 kc was the maximum re
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Figure 160.-Frequency stability 
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eorded with a supply voltage of 26.5 volts, and 1.3 kc was the maximum re
corded with a supply of 29.2 volts. 

The overall stability of the equipment is well within specifications for 
all Service Conditions. 

The highest usable frequency of the transmitter and the receiver wae 376 
Me, and the lowest frequency was 215 Me. In order that the output frequency 
coverage be 225 to 400 Me, it is desirable to provide an r-f tuning range of 
215 to 400 Me. The range below 225 Me permits easy adjustment of the lo~ fre
quency limit switch and provides a range below the first marker for monitor 
oounting. 
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Figure 162.-Fr~quency stabili
ty at +50° C ambient temperature 
for AN/ ARC-19 (XN-1), serial number 
3; primar.y supply is 26.5 volts. 

CHANNELIZATION 

The accuracy of channel number 
selection (both indicated and actual 
equipment channel) was observed through
out the period of time that measurements 
were being made on the transmitter and 
receiver. These measurements were con
ducted for combinations of high, stand
ard, and low temperatures and high, 
standard, and low voltages. 

No channel selection failures were 
noted except when a stepper failed me
chanically or the r-f divider was mis
aligned. The r-f divider, located be
tween master oscillator and monitor,was 
found to require critical alignment be
fore satisfactory channel selection was 
obtained. The stepper failures were 
due to broken armature return springs. 
This source of difficulty could be 
eliminated by improved spring manu
facturing techniques. The steppers 
were found to operate normally at low 
temperatures if they were lubricated 
~th a low temperature oil and properly 
adjusted for spring return~nsion. 

The control box indicator unit 
was occasionally the cause of equipment 
non-functioning. This non-functioning 
took the form or complete channeli
zation stoppage and was due to the 
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npmerous contact leaves and levers getting out of adjustment. A readjustment 
resulted in normal operation. 

FLIGHT TEST 

One complete unit of the AN/ARC-19 (XN-1) equipment was mounted in a 
Navy Type SNB-1 Aircraft BU. No. 39819. Components of the installation in
cluded: 

1 transmitter-receiver unit 
1 control box 
1 vibration mount for transmitter-receiver unit 
1 wiring harness consisting of cab1es,junction box 

and 2 jack boxes 
1 Army type broad band stub antenna 
2 Navy type H:S...lA headsets 
2 Navy type RS38A microphones 

The board band antenna was mounted on the underside and in approximately 
the midsection of the fuselage. However, the antenna was not mounted for 
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optimum performance. The mounting bracket at ~he base of the antenna extend
ed approximately four inches beyond the ground plane because of mounting 
difficulties in the plane. 

Another complete AN/ARC-19 (XN-1) equipment was installed as the ground 
station at the Laborator.y. Again, the Army broad band antenna was used, and 
was mounted on a ground plane 3611 x 36" which was elevated fifty feet above 
the actual ground level. 

The flight was made from the Patuxent Naval Ai~ Station. The airborne 
unit was flown at 10,000 feet on a course due south of the Laborator.y. Listen
ing tests were made qy Laborato11r personnel in the aircraft and at the Labora
tor.y. The results of the flight tests showed that the maximum range for the 
above conditions was 97 miles for voice or tone operation. However, a null 
occurred at a distance of 70 miles from the Laborator.y and the ground station 
temporarily lost contact with the airborne unit. The plane continued on its 
course and contact was again established at a distance of 75 miles. Two-way 
commuhication was maintained from this point to 97 miles which was the maximum 
range. 

It was apparent during the flight test that vibration did not introduce 
any noticeable noise on the transmitted carrier or in the receiver audio out
put. 

A number of channel selections were made without error with the equipment 
operating in the plane. Vibration did not effect channelization. 

CONCLUSIONS 

On the basis bf tests conducted it is concluded that the AN/ARC-19 (XN-1) 
equipment possesses excellent frequency stability and provides ease at channel 
selection for 876 operating channels. However, several modifications must be 
made to make the equipment suitable for use in naval aircraft. 

The equipment overall frequency stability is ver,y good, and the greatest 
frequency deviation under any operating condition was measured to be 5.8 kc. 
This deviation occurred only once during the frequency measurements, and in 
all other cases it was less than 4.0 kc from the assigned channel frequency. 
Only a one minute wa~up time was necessar,y to bring the frequency within 
4 kc of the assigned frequency. However, during some tests the equipment 
failed to select the proper channel. These failures were caused by the break
down of the stepping motors. Hence, the use of the present type of stepping 
motors is considered to be undesirable. 

The frequency divider circuits of the r-f assembly are extremely critical 
and diffi~ult to track with the other va~iable-tuned r-f circuits. Since it 
is desirable to avoid all critical circuits, it is concluded that the use of 
this ·frequency divider is unsatisfactory. 

The equipment frequently fails to select channels between channel number 
600 and channel number 700. The failure to select these channels is due to 
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the fact that the monitor i-f amplifier frequency lies between 11 and 20 Me 
together with the fact that a higher monitor plate supply ripple existed in 
the equipment than during the bench tests. Refer to the discussions of the 
monitor development. It is desirable that the equipment reliably select 
channel numbers 600 through 700 as well as all channel numbers from 125 
through 600 and from 700 through 999. Therefore, it is concluded that the 
equipment channel selection is unsatisfactor.y. 

The transmitter sidetone output level was inadequate, and a redesign of 
the sidetone circuits will be required. 

Since a low frequency i-f of 143.3 kc was usea 1n the receiver, no ima6e 
rejection could be realized in the r-f circuits and it was necessary to select 
the exact inter.mediate frequency which would cause the image response to fall 
between two operating channels. Though the image response is not objection
able when operating a communication system composed only of AN/ARC-19 (XN-1) 
equipments the image response will be objectionable when the AN/ARC-19 (XN-1) 
equipment is operated with less stable transmitters or with equipments with 
channel spacing of less than 200 kc. 

Some of the receiver spurious responses below 310 Me exceeded the ·maxi
mum 60-decibel limitation of the specifications at frequencies near the re
ceiver resonant frequency. Due to the low frequency i-f, all of these re
sponses appeared in pairs separated by 286.6 kc. All of the spurious re
sponses below a frequency of 310 Me were greater than 50 decibels below the 
resonant response. Those above 310 Me were 40 decibels or more below the 
resonant reaponse and in accordance \~ith the specifications. 

The receiver audio fidelity is not in accordance with the specification 
requirements. It is considered that an improvement in the fidelity will ~ 
prove the intelligibility of received signals. 

The receiver AVC characteristic deviates sli6htly from the specification 
requirements~ but the receiver operation is such that the AVC action would 
not be objectionable under actual flight conditions. 

Although the receiver meets the 2Q-microvolt sensitivity requirement of 
the specifications, it would be desirable to improve the sensitivity. It is 
possible to accomplish this and to improve the AVC action by providing addi
tional gain in the receiver r-f and mixer stages, where the gain in the pre
sent equipment is approximatelY two. 

The addendum to the specifications, Reference (p), requires the frequency 
coverage of the equipment to be 225 to 390 Me. However, during the evaluation 
measurements it was !oundthat highest!requency of the tran~mitter and receiver 
tuning range was 376 Me, or channel SSO. The high frequency limitation is due 
only to a limited. r-f tuning range, and could be corrected by a proper design 
ot the r-f tuning elements. It is desirable to extend the frequency coverage 
of the r-! tuning components to provide a frequency range of 215 to 400 Me. 
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Tests of the following items have been conducted, and the operation was 
found ,to be satisfactory. 

Heat exchanger operation 
Receiver sensitivity 
I.F. selectivity 
I.F. rejection 
Receiver regeneration 
Receiver noise limiter operation 
Receiver audio frequency distortion 
Receiver audio gain control range 
Receiver sensitivity control range 
Transmitter carrier power output 
Transmitter modulation characteristic 
Transmitter overall fidelity 
Transmitter modulation distortion 
Microphone d-e energizing current 
Transmitter tone modulation characteristics 
Transmitter c~rrier shift 
Transmitter carrier noise level 
Equipment input power requirements 
Channel selection time 
Transmitter frequency modulation 
Receive-transmit time interval 

Results of the flight tests showed the equipment capable of operating 
satisfactori~ in a naval aircraft. The maximum range at an altitude of 
10,000 feet was 97 miles, but a null occurred at 70 miles. 

RECOMHENDATIONS 

Since the AN/ARC-19 (XN-1) equipment possesses many desirable !eatures, 
it is recommended that the following modifications be made to make it suitable 
for use in naval aircraft: 

Eliminate stepping motors entirely or provide improved stepping motors 
which can withstand a life test similar to the performance necessary for 
oper.ation in the subject equipment, thereby making channel selection more 
reliable and minimizing mechanical failure., 

Replace the frequency divider circuits of the r-f assembly with a less 
critical circ~it. It is possible to operate the master oscillator at a lower 
frequenc,y range than the one presently used and follow the master oscillator 
with multiplier stages which are less critical than the frequency divider 
circuits. 

Correct faulty equipment channel selection between channel number 600 
and channel number 700 as suggested in the paragraphs under Description of' 
Monitor Circuits, page 48. 

Provide additional audio gain in the transmitter sidetone circuit. 
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Increase the receiver intermediate frequency to permit at~enuation of 
the image response by the r-f tuning, thereby reducing both the image and 
other spurious responses. 

Reduce the level of all spurious responses to at least 60 decibels below 
the resonant response for all frequencies below 310 Me. 

Improve the receiver fidelity to comply with the subject specifications. 

Increase the receiver r-f gain to produce a sensitivity of five micro
volts. 

In the redesign of the r-f tuning components, extend the frequency ¢over
age to provide a range of 215 to 400 Me. 

It is recommended that further flight tests be conducted to determine 
the extent of the null which was found to occur at 70 miles, and to make 
range measurements of other altitudes. 

A proposal of a new system which offers a solution of the above de
ficiencies is presented in the following section of this report. 



PART ill 

Proposed New System 

INTRODUCTION 

The present AN/ARC-19 (XN-1) equipment could be modified with.out major 
changes to comply with the specifications. However, there are a number of 
features in the present equipment which comp~ with specifications but are 
not in accordance with good engineering design and practice. The experience 
gained inthe development and evaluation of the equipment provided informa
tion which showed that a complete redesign was more desirable than a modifica
tion of the present AN/ARC-19 (XN-1) equipment. The redesign permits the use 
of 3500 channels spaced 50 kc apart in the 225 to 400 Me frequency band, and, 
in addition, eliminates many of the undesirable features in the present 
system. 

A study of a number of multichannel cr.ystal-saving circuits was made. 
It was concluded !rom this study that a modified 111407" principle, References 
(a, b, and c), was the most practical and would provide the desirable features 
listed below: 

(1) A straight.rorward ~ relatively precise and simple 
tuning mechanism which operates from a single motor 
drive. 

(2) A shaft to which the multiplier and amplifier stages 
of the transmitter and receiver r-f circuits may be 
coupled. This is~ue since the master oscillator is, 
at all times, disciplined by the monitor unit, and all 
transmitter and receiver r-f stages are ganged and 
tracked to the master oscillator. 

(3) A frequency stability necessary for a channel spacing 
of 50 kc with a counting type of monitor simpler in 
design than that used in the present equipment. 

(4) A minimum of quartz crystals. (Two would be used in the 
monitor and one in the guard channel receiver.) 

The undesirable features of the present equipment whichwill be elimi
nated in the proposed design are 

(1) Lack of image rejection 
(2) An r-f divider between the master oscillator and 

monitor. 
144 
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(3) Complex control circuits requ1r1ng a relatively 
large number of stepping motors, relays, and 
wafer switches. 

(4) Mechanical counters. 

145 

Although several other multichannel communication systems involving 
crystal-saving circuits appear simpler in form than the proposed block 
diagram, careful study w'ill reveal that most of these systems rely on sane 
critically adjusted circuit or complex mechanical arrangement for proper 
equipment operation. Some of these are: complex motor drives, critically 
tuned r-f stages, critically tuned frequency separators (balanced modulators), 
and continuous~ variable frequency dividers. Any one of these is likely to 
be a source of unreliable operation. 

DESCRIPTION OF N~vv SYSTEM 

Block diagrams of the proposed new monitor and proposed new system are 
shown in Figure 165 and Figure 166, respectively. 

Only two crystals are used in the monitor, one in the spectrum oscilla
tor and one in the reference oscillator. The five crystals used in the re
ference oscillator in the present equipment have been reduced to one crystal 
in the new proposed monitor to ~ave cr,ystals and also to reduce the two 
counting speeds to one counting speed. 

The use of only one counting speed greatly simplifies the monitor con
trol circuits. Since only one counting speed is used, a spectrum harmonic 
marker must be placed at ev;er,y channel, rather than at every "hundreds" 
channel and ever,y "tens" channel. The counter, consequently, must register 
a count for ever,y channel, or 3500 counts for a 5D-kc channel spacing- in tre 
225 to 400 Me band. The counter is completely electronic in design, in
corporating no relays. It is coupled directly to the essentiallY square 
wave output of the modified discriminator. The counting time is not limited 
by relays or steppers, therefore the counting can take place at a high rate 
of speed. Since the counting rate is high (for the reasons given previously) 
on~ a two-speed, motor-driven, gear reduction system is necessary, a high 
speed for counting and a slow speed for automatic frequency control. The 
counter is arranged so that it chan5es the gear reduction system from fast 
to slow speed at about the fifth from the last count in order that the master 
oscillator can be tuned into the proper channel frequency at slow speed. The 
use of only a single counting speed, only two condenser-shaft speeds, and an 
electronic counter has greatly simplified the monitor control circuit~. In 
this design only two or three relays will be required in the control circuits. 
The three steppers and all of the wafer switches have been eliminated as well 
as a number of r·elays. 

Since ever.y channel is counted there is no need to switch the discrimina
tor polarity. L~~ewise there is no need to switch the discriminator cross
over frequencJ· because local oscillator side-stepping circuits have been in
corporated j.n the receiver, eliminating the necessity of shifting the master 
oscillator r~equenr,y for transmit-receive operation. Consequently, neither 
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'!HE AN/ARC-19 (XN-1) 

the discriminator polarity nor the discriminator crossover frequency is 
switched in the proposed new monitor. Evaluation of the AN/ARC-19 (XN-1) 
showed that its frequency stability anywhere Within the band was better than 
t5 kc under Service Conditions. This stability is adequate for a channel 
spacing of 50 kc. The proposed monitor should permit obtaining even better 
stabilities because the discriminator crossover frequency has been reduced 
from 25 to 0.694 kc and no switching is performed at the discriminator to 
change either its polarity or frequency. This switching was the cause of a 
portion of the ± 5-kc instability in the present equipment. This monitor 
will also be easier to align because of the fewer crystals and a single, 
very low, dis crimina tor crossover frequency~· 

The monitor is designed to supplY both the first and second local oscil
lator signals for the receiver, thus saving one or two cr.ystals. 

The counting circuits will consist of four decade counters in cascade. 
Such counters have been developed and demonstrated to be practicable and 
reliable. This counter will require a moderate number ot components but 
will have the great advantage of providing a high speed and accurate count. 
The counter will count up to 4000 permitting all counting to be performed at 
one speed. This is another advantage beca~se it simplifies the control 
circuits. 

Figure 166 shows a block diagram of the complete new system. It is de
signed for a 50-kc channel spacing in the 225 to 400 Me band. The receiver 
is a double superheterodyne receiver which will provide image signal atten
uation of 80 decibels or more. The master oscillator operates at one
eighteenth the output frequency. The monitor is designed to use the master 
oscillator signal directlY with no division in frequency. 

During the development of the AN/ARC-19 (XN-1), an electronic-counting 
type of monitor was constructed to determine if it was practicable to per
form the counting and switching functions of the three steppers with relays 
and an electronic counter. Figure 167 shows the schematic diagram o! the 
electronic-counting type of ~onitor that was developed, and Figure 168 shows 
the system schematic diagram using this monitor, including a suitable control 
box. 

It must be pointed-out that the electronic-counting type of monitor that 
was developed had to perform all of the complex switching incorporated in the 
present equipment. The switching in the proposed new monitor is far less 
complex. Tubes V3l8 and V319 are used in the counting circuit. The counting 
impulses to the counter come from a set of contacts on the C and F relay in 
the trigger tube circuit. This monitor was tested and found to operate very 
satisfactorily. The monitor eliminated the use of steppers but a large number 
of relays were still used. 

The control box fort his system was simpler mechanically than the AN/ARC-
19 (XN-1) control box in that it eliminated the stepping motor, several relays, 
and a number of switch contact leaves. 
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The result or the work on the electronic-counting type of ~onitor was 
so encouraging that the engineers responsible for the project were convinced 
that work on this type of monitor would be very worthwhile and should be 
carried to its logical conclusion. 

The above proposal for a new system is a result of this conviction to
gether with the evaluation of the AN/ARC-19 (XN-1). 

The preceding paragraphs have outlined how· the AN/ARC-19 (XN-1) can be 
redesigned to provide the Navy with a more suitable equipment and at the 
same time provide four times the number of channels. 
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