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The HRO

Amateur Communication Receiver

THE HRO receiver is a high-frequeney super-
heterodyne employing nine tubes, as follows:

First RE.. ... . ... . 58 or 6D6
Second R.F.. ... . .. ... .. .ol 58 or 6D6
First Detector. . ............ ... .......... 57 or 6C6
High Frequency Oscillator. .. ............. 57 or 6C6
First LF... ... .. 58 or 6D6
Second ILF.. ... ... ... . ..cviiiin 58 or 6D6
Diode Detector, AVC, First Audio. ........ 2B7 or 6B7
Second Audio. .. ....... ... il 2A5 or 42

Beat Frequency Oscillator. . .............. 57 or 6C6

All voltage dividers, etc., are built into the re-
ceiver. The six-volt type of tubes, that is, 6D6’s,
ete. listed above are interchangeable with the
214-volt types as far as alighment and perform-
ance are concerned, but should not be used in
this receiver with an A.C. filament supply.
The receiver is designed to operate from a Na-
tional Type No. 5897 AB power unit employing
a 280 rectifier tube. This power unit will deliver
approximately 230 volts at 65 milliamperes and
about 214 volts at 914 amperes for the heaters.
Other power units may be used provided they
will fulfill these specifications closely, but it is
important that an adequate heater supply be
furnished, since there is a voltage drop in the
heater leads of the power supply cable of about .2
volt.

The HRO receiver has been designed around
and tested with RCA tubes; consequently we can
vouch for its performance only when these tubes
are used.

Antenna

The input circuit of the HRO is arranged for
operation with either the doublet type or the
single-wire type of antenna. There are two input
binding posts, marked “ANT” and “GND.”
When using a single-wire antenna, the lead-in
should be eonnected to the antenna post and the
short flexible lead, which is connected to the
chassis near the ground post, should be clamped
under the “GND” terminal. An external ground
connection may or may not be necessary, de-
pending upon the installation. The ground is
usually desirable when receiving wavelengths
above 100 meters, but for wavelengths below
50 meters, the use of a ground may actually
weaken signals. Doublet antenna feeders should
be connected directly to the input terminals
and the flexible ground connection, mentioned
above, is not used at all.

The input impedance of the receiver varies
over the total {requency range but averages
about 500 ohms.

Output Circuit

The plate circuit of the output tube is brought
to the output tip jacks located at the rear left-
hand side. There is no output transformer in the
receiver.

The speaker requirements are not at all critical,
but tone quality will, of course, depend almost
entirely upon speaker characteristics. A good
magnetie speaker will be satisfactory, provided it
is capable of carrying the plate current of the
output tube (about 30 ma.). Many magnetic
speakers will require a filter system; however,
and such a filter may consist of a 1-to-1 trans-
former, or a 30-henry choke and a 1-mfd. con-~
denser.

Dynamic speakers are, in general, superior to
the magnetic types, but if these are used some
provision must be made for field excitation,
since this power cannot be obtained either from
the receiver or No. 5897 power unit. For this
reason, the permanent magnet type of dynamic
speaker is recommended, no field excitation
being required. The output impedance of the
HRO is 7000 ohms, and a dynamic speaker
must, of course, have a suitable built-in coupling
transformer of 7000-ohm input impedance.

A headphone jack is located on the front panel,
just below and to the right of the “S”-meter.
This jack is wired into the output of the pentode
section of the 2B7. When the phones are plugged
in, the signal input to the last tube is completely
disconnected. Ii is important, however, that the
plate circuit of the oulput tube be complete at all
times. If the speaker is to be disconnected, a
jumper must be inserted in the tip jacks to con-
nect them together. If this precaution is neglected,
the output tube may be seriously injured.

Controls

The main tuning dial is located near the center
of the front panel and operates the 4-gang tuning
condenser. Full details of the tuning arrangement
will be found in the last section of this booklet,
which is reprinted from an article originally
appearing in QST

Starting at the top right-hand side of the front
panel, the uppermost knob is the Variable Se-



THE NEW HRO RECEIVER

»
i am ov o
TR
it T .
° o
: ﬁu a._. # ond m g ) %n + 2 M i
H g s [
—1 959 g ] 929 | &
o 2 H s N & 3 3
< LS 7 ¢ S 3e—g nvon 2 s 808, 8.+ §8 g
] T 7 8 g # H £ SuILvIH
: o
jt o @
g o AT o S 33
g R
4 ‘%0008 s 8
B =
3 =
g m
S a0 NO
N A sissvHo
LL| |4 o £% .'.a 2 Lo ol Ie 2 H
TgIITse 1T T oNSVH T J o >
W —
m LB R windTS it
1000l _“giany " X 2 "
2 LI5S Laed 8.— ) 8 =8 83 == 8% ==
sz000
_m i A
o e " 2z v . z b
L = # 3 F 3
i 5 E m _l E
d| >
189 9q9 909 9a9
oL 82 30 85 o LS o 85

“HIAIIDIY 'OY'H IdAL — WVHOVIQ DILVWIHOG




THE NEW HRO RECEIVER 5

lectivity Control of the Single-Signal Crystal
Filter. With the crystal filter in use, minimum
selectivity will be found with the pointer nearly
vertical. Rotating the knob in either direction
from this point will increase the selectivity. When
the filter is not in use, the knob should be set
at the point giving maximum volume and sensi-
tivity.

Immediately below the Selectivity Control is
the Phasing Control and the Crystal Filter
Switeh. When this control is rotated to 0, the
crystal filter is disconnected. When the control is
at any other setting between 1 and 10, it acts
as a phasing condenser for balancing the crystal
bridge circuit, eliminating heterodynes, etc. The
action of these two controls is explained in detail
in Part 2 of the Alignment Section.

The switch below the phasing control is con-
nected in the B-lead of the receiver and its
purpose is to shut off the receiver during periods
of transmission OR WHEN CHANGING
COILS. This last function is important.

The bottom control on the right-hand side is
an R.F. Gain Control, connected to the second
R.F. tube and to the two I.F. tubes.

At the bottom left-hand side of the front panel
is located the C.W. Oscillator Switch and Vernier
Tuning Control. The c.w. oscillator is used to
obtain an audible beat note when receiving c.w.
signals or to locate the carrier of weak phone
and broadcast stations. After the phone carrier
has been found, the c.w. oscillator is, of course,
turned off.

The switch just above the c.w. beat oscillator
dial is for turning the AVC on or off. AVC
is disconnected with the toggle thrown to the
right.

Above this switch is the Audio Gain Control,
which is wired into the output of the diode detec-
tor and serves, therefore, to control audio volume
when using either headphones or speaker.

The S-Meter for indicating carrier intensity or
signal strength is in the upper left-hand corner.
Just below it, and to the left, is a push-button
which connects the meter in the cireuit.

Operating Instructions

Phone or Broadcast Reception

In receiving phone signals, the AVC may or
may not be used, as desired. If it is not used, we
suggest operating the audio gain control about
halfway on and controlling the sensitivity with
the R.F. gain control. If the operator prefers a
“quiet’” receiver, the audio control may be oper-
ated at 1 or 2. If AVC is used (left-hand toggle
thrown to the left), the R.F. gain control may
be turned all the way on; i.e., to 10; and the vol-
ume controlled by the audio gain control only.
The setting of the two gain controls is largely a
matter to be determined by the preference of the
operator and by receiving conditions. If, for
instance, local noise or atmospheric static is high,

it will be desirable to retard the R.F. gain control
when using AVC so that the sensitivity of the
receiver will be held to a definite maximum. If
the c.w. oscillator is to be used for locating car-
riers, as mentioned above, the AVC switch must
be in the off position (to the right). Turning on
the c.w. oscillator with the AVC on will block the
receiver, making reception of anything but ex-
tremely strong signals impossible.

C.W. Reception

‘When receiving ¢.w. signals, the c.w. oscillator
must be turned on and the AVC switch turned off.
Best signal-to-noise ratio will usually be ob-
tained by retarding the audio gain control con-
siderably and controlling sensitivity with the
R.F. gain control. Turning on the c.w. oscillator
switch will, of course, result in a considerable
increase in circuit noise. When the control is
turned back and forth, the characteristic pitch
of this noise will change. When the characteristic
pitch is fairly high, the semi-‘“single signal”
properties of the receiver are very pronounced,
one side of the audio beat note being several
times as loud as the other.

Phone Reception Using the Crystal Filter

The use of the cerystal filter in phone reception
is not recommended except when the operator
must contend with heavy interference, statie,
heterodynes, etc. Since such conditions prevail
at most times in the amateur phone bands, the
filter will be found particularly useful to amateur
phone operators. To receive a phone signal when
using the crystal filter, the filter is switched in
by means of the phasing control and the phasing
dial set at approximately mid-scale. The selec-
tivity control is then adjusted for minimum
selectivity, as indicated by maximum noise as
the control is rotated back and forth. All phone
signals will be greatly reduced in volume, making
it necessary to advance both audio and R.F.
gain controls. The signals may then be tuned in
in the usual manner, but it will be found that
the selectivity is very high, with the result that all
audio frequency side bands above a few hundred
cycles are comparatively weak. Normally, this
would result in low intelligibility of the received
signal, but since the background noise, static,
ete., have been correspondingly reduced, the net
result is usually an improvement.

The principal advantage of the crystal filter,
however, is its ability to eliminate heterodynes.
Suppose, for instance, a signal has been carefully
tuned in with reasonably good intelligibility
and during the transmission an interfering station
comes on, causing a bad heterodyne, inverted
speech, etc. Ordinarily the desired signal would
be “smeared,” but careful adjustment of the
phasing condenser will eliminate the heterodyne
and the interfering station, in most cases, com-
pletely. Intelligibility will remain practically
as good as before the interfering station came on.
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From a practical standpoint it is important
that the crystal filter be used most of the time
where such interference is apt to be encountered,
as it is almost impossible to switch on the erystal
filter and re-tune the desired signal through the
heterodyne. The phasing adjustment will remove
one signal only. If another interfering station
comes on, however, only one heterodyne will be
present, instead of the several resulting from
three station carriers beating together.

C.W. Reception with the Crystal Filter

To use the crystal filter for ¢.w. reception, the
filter is switched in by means of the phasing
control and the phasing condenser set about mid-
scale. The AVC switch must be off and the c.w.
oscillator turned on. Advancing the R.F. and
audio gain controls will result in a hollow, ringing
sound the piteh of which will depend upon the
setting of the c.w. oscillator dial. The actual
pitch is not important as long as it is near the
middle of the audio range, where the loudspeaker
or phones have good sensitivity.

When a signal is picked up, it will be found that
as the receiver is tuned slowly across the carrier
the beat note will be very sharply peaked at the
same pitch as that of the ringing noise, previously
mentioned. All other parts of the beat note will be
extremely weak and, furthermore, this peak will
be found to occur on only one side of the audio
beat note. The sharpness of the peak is determined
by the selectivity control (upper right-hand
knob). At maximum selectivity, the peak is so
sharp that it may be hard to find, whereas at
minimum selectivity the peak will be very broad.
If a signal is being received, after having been
properly tuned in, and an interfering station
comes on, the resulting heterodyne and interfer-
ence may be eliminated by adjustment of the
phasing condenser. This phasing adjustment is
effective in eliminating interference regardless of
the setting of the selectivity control.

S-Meter

The S-meter serves to indicate the strength of
a received signal. It is calibrated from 1 to 5
in arbitrary units whieh correspond, roughly,
to the definition of the five points of the “S”
scale of the R-S-T system of amateur signal
reports.

Probably no two operators will agree on just
how strong a signal must be to warrant an S-5
report. After making measurements on a large
number of amateur signals, the present meter
scale was chosen and we believe it will provide a
good practical means of giving accurate reports.
The accompanying curve shows the relation be-
tween the meter reading and the actual signal
input to receiver in microvolts.

Before making a measurement on a signal, cer-
tain receiver adjustments must be made. Since
the meter is actuated by the amount of signal
reaching the second detector, it is obviously
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necessary that the receiver be adjusted to have a
predetermined amount of amplification between
the antenna and second detector. To adjust the
amplification to the proper value, the AVC
switch must be off, the c.w. oscillator off, the
crystal filter off, and the selectivity control set
for maximum sensitivity. Now press the meter
push-button and advance the R.F. gain control
until the meter comes to 0. The R.F. gain dial
will read about 914. The receiver is now adjusted
and the strength of any signal may be measured
by throwing the AVC switch on and tuning for
maximum meter deflection. The audio gain con-
trol does not have any effect on the R.F. adjust-
ments or upon the meter reading, so that it may
be retarded as much as necessary to prevent audio
overload when making the preliminary adjust-
ments.

If the signal being measured is extremely
strong, however, or if local noise is exceptionally
high, it may be impossible to bring the meter to 0.
In this case, it is necessary to detune the receiver
from the signal or to disconnect the antenna.
The above procedure will hold true when check-
ing either phone or c.w. stations. It is, however,
impossible to obtain a continuous check on c.w.
signals, as the beat oscillator must be off. The
principle upon which the S-meter operates is
described in the last paragraphs of this booklet.

Coil Ranges

Four plug-in coil assemblies are supplied as
standard equipment for the HRO receiver, each
assembly consisting of three R.F. coils and one
oscillator coil, all individually shielded and pro-
vided with built-in trimmer condensers. Calibra-
tion curves are mounted on the front of each
assembly.

The four assemblies cover all frequencies be-
tween 1.7 and 30 megacycles, the division being
as follows:
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1.7 to 4.0 me.
3.5t0 7.3 me.
7.0 to 14.4 me.
14.0 to 30.0 me.

Inspection of the coil terminal panels will show
several small reetangular metal pieces. There are
two of these pieces or terminal blocks on each of
the coil panels. A small flat-head machine screw
will be found in the left-hand terminal block of
each coil, looking at the assembly from the front.
With the screws in the left-hand positions, the
coil range will be that shown in the left-hand, or

general coverage, chart. If it is desired to change
the calibration to amateur band-spread, as shown
on the right-hand chart, it is only necessary to
move the four screws to the right-hand terminal
block of each coil.

A complete description of the coils, tuning con-
densers, and the range changing system, is given
in the last section of this booklet.

In addition to the coils furnished as standard
equipment, two other assemblies are available,
covering the frequencies between 2 megacycles
and 500 kilocycles.

Alignment and Service Data

HE four high-frequency coil assemblies are

aligned in the laboratory to the individual
receiver with which they are to he used. No coil
adjustments of any kind should be necessary after
the receiver is put into operation, but if coils are
purchased separately the alignment should be
checked in accordance with the following pro-
cedure.

The coil panel serews must be in the left-hand
terminal blocks to give the full coverage range, as
described in the preceding section. The tuning
dial is turned to approximately 490 and a fre-
quency meter, or accurate test oscillator, is set to
the frequency indicated by the general coverage
calibration chart. This will, incidentally, always
be near the high-frequency edge of some amateur
band. The oscillator coil trimmer, shown on the
layout diagram of the receiver as No. 8, is then
adjusted so that the dial reading checks the cali-
bration curve. Trimmers Nos. 2, 4 and 6 are then
adjusted for maximum sensitivity. In adjusting
these three trimmers, no signal is necessary, as
the correct adjustment is that which will give
maximum background or tube noise. This back-
ground noise should be fairly loud when the
R.F. and audio gain controls are fully advaneced,
the erystal filter being switched off. The tuning
dial should then be rotated to the low-frequency
end of the range. The background noise should
not vary greatly as the dial is being turned. If it
does, however, poor ganging is indicated.

The ganging is checked by pressing the outside
rotor plate of the oscillator condenser sideways
toward the stator, but not far enough to short the
condenser. If sensitivity is increased, more in-
ductance is needed in the oscillator coil. On the
three low-frequency coil assemblies oscillator in-
ductance is increased by loosening the nut which
holds the inductance trimmer disc, inside the
oscillator coil, so that the disc may move toward
the back of the coil shield. If, however, sensitiv-
ity decreases when the oscillator rotor plate is
bent toward the stator, the other condensers,
particularly the first detector tuning condenser,

should be tested the same way. If sensitivity
decreases when the rotor plate is moved in, gang-
ing is perfect and the general coverage range is
completely adjusted. However, if sensitivity
increases, the oscillator coil inductive trimmer
must be adjusted to decrease inductance. In the
case of the 14 to 30 megacycle coils, inductive
trimming is accomplished by moving a loop
of wire around the end of the oscillator coil.
Bending this loop from right to left across the
end of the coil form will increase inductance.
After any change in the oscillator coil inductance
has been made, it will be necessary to tune back
to the high-frequency end of the range in order to
readjust the No. 8 trimmer condenser. The pro-
cedure as outlined above is then repeated until
the ganging is correct.

It will be found that the setting of the various
trimmers, particularly the No. 8, is quite critical,
but that the setting of the inductive trimmer is
not at all sharp and, when making the inductance
adjustment, the nut may be rotated a full turn
for each trial.

In the case of the 14 to 30 megacycle coils,
special care must be exercised to see that the
oscillator is operating on the high-frequency side
of the signal. Two points will be found when ad-
justing the No. 8 trimmer and of these, the cor-
rect one is on the counter-clockwise side. Further-
more, in adjusting the No. 6 trimmer of this coil
assembly, there will be some interaction or inter-
locking between the first detector and oscillator
circuits. In adjusting the No. 2 trimmer, it will
be necessary to have the antenna connected with
some signal or noise input.

The band-spread range may now be adjusted.
It should be pointed out here that adjustments
for the general coverage range will affeet the band-
spread range, but the separate band-spread ad-
justments may be made without changing the
general coverage alignment.

The four screws must be shifted to the right-
hand terminal blocks, as outlined under ““Coil
Ranges” in the preceding section. The tuning dial
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The Layout Diagram
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is set at 450 and a test oscillator adjusted to the
exact high-frequency edge of the proper amateur
band. Trimmer No. 7 (of the layout diagram) is
adjusted until the signal is picked up. Trimmers
Nos. 1, 3 and 5 are then adjusted for maximum
sensitivity. The dial is then rotated to the low-
frequency end of the band; that is, to 50; and the
left-hand calibration curve should be checked.
If found incorrect, it will be necessary to adjust
the band-spread series padding condenser,
mounted inside the oscillator coil and adjustable
from the rear by means of a socket wrench. If the
low-frequency end of the band is tuned in at any
dial reading above 50, the capacity of this series
padding condenser must be decreased. If the
low-frequency edge of the band is found between
0 and 50, the eapacity must be increased. The
setting is critical. After making a trial adjust-
ment, the dial is returned to 450 and trimmer
No. 7 readjusted. The above procedure is re-
peated until the dial checks the ealibration curve.

Tracking of the two R. F. and first detector
circuits may then be checked by tuning to the
low-frequency end of the band and checking the
adjustment of the Nos. 1, 3 and 5 trimmers. 1f
more capacity is needed for best sensitivity (as
indicated by improved signal strength when the
trimmer is rotated clockwise), the series padding
condenser of the coil being adjusted must have
more capacity. If any of the Nos. 1, 3 or 5 trim-
mers require less capacity, a corresponding de-
crease must be made in the capacity of the series
padding condenser. After the series padding
condenser has been adjusted for trial, the dial is
returned to 450 and the procedure repeated.

The above instructions may seem complicated,
but they cover complete alignment under the
worst possible conditions, where everything is
out of adjustment. The chances are that the only
adjustments that will need to be made are the
conventional trimmer adjustments of the trim-
mers Nos. 1 to 8.

Simple antenna compensation for the general
coverage range is made by adjusting trimmer
No. 2, and for the bandspread range by adjust-
ing trimmer No. 1.

The instructions will probably be simplified
after reading the general description of the tun-
ing system given in the last section of this booklet.

With regard to the two coil groups covering
the frequencies between 2 megacycles and 500
kilocyeles, there are only five trimmer adjust-
ments. These are Nos. 2, 4, 6, 7 and 8. The No. 8
adjustment is used here as in the other coils for
adjusting the oscillator circuits to correspond
with the calibration. The No. 7 trimmer is the
conventional series padding adjustment. Nos.
2, 4 and 6 are the usual trimmers.

LF. and Crystal Alignment Instructions

Before attempting to check the alignment or
adjust a single signal receiver it is essential that

the operator be familiar with the principles in-
volved and the type of performance to be ex-
pected.

A receiver of this type is simply a superhetero-
dyne which may be adjusted to have extremely
high selectivity on c.w. signals. The effective
width of the selectivity curve is only a few cycles,
usually between 20 and 100. This means that
when tuning in a given c.w. signal, tuning is going
to be very sharp and the dial must be turned
slowly in order to avoid missing the signal en-
tirely. As compared to the straight superhetero-
dyne, the single signal receiver is about 100 times
as selective. The straight super will pick up a
signal and will reproduce both sides of the audio
beat note at about the same strength; that is, the
carrier whistle may be varied from either side of
zero beat up to about 3000 cycles when the re-
ceiver is tuned and the whistle will remain about
the same strength at any pitch. The s.s. receiver,
however, being 100 times az sharp, will not per-
form in this manner, but as the receiver is tuned
across the carrier the audio response will be very
sharply peaked at one certain pitch of the carrier
whistle. Detuning the receiver a small fraction of
a degree, while it changes the pitch only slightly,
will make the signal much weaker, since it has
been detuned from the sharp selectivity peak.

1t is evident, therefore, that the great selec-
tivity available shows up as a peak in the audio
response and when the receiver is in operation all
signals, after being correctly tuned, will peak at
the same audio frequency.

General Superheterodyne Theory and the
Explanation of Single Signal Operation

(It is extremely tmportant that these para-
graphs be very carefully studied, if a full
understanding s to be had of the detailed
data on adjusting Single Signal recewers)

To those who are not entirely familiar with the
operating principles of a superheterodyne, the
following explanation may be of interest:

It is the function of the first detector and high
frequency oscillator of a super to convert a high
frequeney signal to the frequency of the inter-
mediate amplifier. If, for instance, a 7000-k.c.
signal is being received, the high frequency oscil-
lator, in the case of the HRO receivers, will be
tuned to 7456 k.c. producing a beat with the
signal equal to the difference between these two
frequencies; that is, 456 k.c., the frequency of the
1.F. amplifier. The 456-k.c. beat is amplified in the
L.F. amplifier and is detected or de-modulated in
the case of phone signals at the second detector.
When receiving e.w. signals a beat note is ob-
tained by the use of a separate beat oscillator cou-
pled to the second detector and operating at,
or close to, the intermediate frequency. If the
beat oscillator is tuned exactly to 456 k.c. and
if the signal mentioned above is tuned to give
an LF. beat of exactly 456 k.c., it is evident that
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the receiver as a whole will be tuned to zero
beat.

An audible beat note may be obtained by doing
either one of two different things. The first is to
change the tuning of the high frequency oscillator
(by means of the tuning dial) slightly, so that it
will produce a different I.F. beat with the signal.
For example, suppose the dial is changed so that
the high frequency oscillator oscillates at 7457
k.c.; the LF. beat will now be 457 k.c., which will
be amplified as before by the intermediate am-
plifier, but when reaching the second detector will
produce a 1 k.c. (thousand cycle) audio beat with
the beat oscillator, which is operating at 456 k.c.
as before. Similarly, the tuning dial could be
moved in the other direction, so that the high
frequency oscillator is tuned to 7455 k.c., in
which event the LF. beat would be 455 k.c. and
the audio beat note would be a thousand cycles
but on the other side of the carrier.

The selectivity of the I.F. amplifier is such that
a signal detuned from it by only one kilocycle
(.2 of 19,) will still be amplified almost as much
as a 456-k.c. signal, although there will, of course,
be some loss in gain.

The other method of getting an audible beat
note is to leave the signal tuned exactly, as in the
original ecase, with the 456-k.c. LF. signal but to
detune the beat oscillator so that it operates at
say 457 k.c. The 1.T. amplifier is now exactly in
tune with the I.F. signal and will amplify it at
full efficiency. The beat note will be 1000 cycles, as
before. This method, wherein the signal is tuned
exactly and the beat obtained by detuning of the
beat oscillator, is fundamentally that used in any
single signal or semi-single signal receiver. It is
evident that changing the tuning dial slightly will
detune the I.F. signal from the I.F. amplifier so
that it will not be amplified as much, causing a
corresponding decrease in the strength of the
audio beat note: thus, if tuning is changed in such
a way as to raise the pitch of the beat note, the
signal will be weaker. Similarly, if the tuning is
changed to lower the pitch down toward the zero
beat region, the signal will be weaker. If the tun-
ing is still further changed, so that the audio note
passes through the zero beat region, and “up the
other side of the carrier,” the signal will become
weaker still. The falling off in signal strength, as
the receiver tuning is changed, is due entirely to
the selectivity of the I.T. amplifier. Suppose now
that the I.T. amplifier has very high selectivity,
as is the case when a crystal filter is employed in
single signal reception; the crystal will pass only a
very narrow band of frequencies, say from 455.9
k.c. to 456.1 k.c. It will be necessary, therefore,
to tune the signal so that the 1.F. beat is exactly
456 k.c., and in order to obtain an audible beat
note, the beat oscillator MUST be detuned. If
the beat oscillator is set as before at 457 k.c., the
beat note will be 1000 cycles. Detuning, as in the
above case, will make the signal practically in-
audible, except at this one pitch, and “the other

side of the carrier,” or audio image, will be almost
entirely suppressed.

With the receiver tuned exactly so that the
crystal will pass the I.F. beat, the beat oscillator
may be adjusted to give any desired audible beat
note. In the above case, the beat oscillator being
set at 457 k.c. produced a 1000-cycle beat at
which all signals would be peaked. If the beat
oscillator were set at 458 k.c., all signals would
be peaked at 2000 cycles.

If the receiver tuning is left alone, then, the
beat oscillator may be adjusted to give any de-
sired pitch without changing the signal strength.
Any change in tuning which changes the pitch
of the audio signal will greatly weaken the
signal.

The main point to remember when con-
sidering single signal receivers is that they
are simply ultra selective superheterodynes,
which must be tuned exactly to the signal
and that the beat oscillator must be detuned
from the crystal frequency in order to obtain
an audible beat note.

Preliminary Adjustments—The LF.

From the above explanation, the reader will see
that it is absolutely essential that the LF. trans-
formers be aligned to the crystal, since the two
must work together. This alignment may be
accomplished in a number of ways. If the LF.
transformers are far out of adjustment, it is
necessary to connect an external crystal oscillator
which uses the crystal from the receiver. This
oscillator is put in operation and is coupled to the
first detector of the receiver. In most cases no
actual connection will be required since the field
from the oscillator will be sufficiently strong to be
picked up, even with the L.F. far out of adjust-
ment. If coupling is required, a lead twisted
around the grid cap of the detector tube and run
near the oscillator tank coil, will be suitable. The
beat oscillator is turned on and adjusted until the
crystal signal is picked up. The pitch of the beat
note is not important as long as it is well inside
the audible range.

All the L.F. transformers are now adjusted for
maximum signal. This adjustment need not be
made with any great degree of precision, since the
crystal will not oscillate at exactly the same fre-
quency to which it will be resonant in the re-
ceiver. The phasing control should be set at “0”.

The five I.F. adjustments are indicated on the
layout diagram, Nos. 10 to 14 (inclusive).

The crystal filter output coupling condenser,
adjustment No. 9, serves as a fixed L.F. gain con-
trol and, in general, should not be touched.

The crystal may now be removed from the
oscillator and installed in the receiver. Throw the
switch to connect the crystal for single signal
reception. Set the selectivity control for maximum
selectivity; that is, with the pointer rotated all
the way to the right. Now, tune in a steady signal
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from a local oscillator or monitor. Tuning very
slowly across the carrier, there should be one
point at whieh the signal will peak very sharply.
The audio pitch of this peak will be nearly the
same as the pitch of the beat used when the
crystal oscillator was being picked up.

The Beat Oscillator

Once the peak has been found, it would be well
for the operator to familiarize himself with the
action of the beat oscillator control by changing
its tuning in order to obtain an audio note which
is most pleasing to copy, or which coincides with
any peaks in the loudspeaker or headphones. It
makes little difference to which side of the audio
beat, the beat oscillator is tuned. After a satis-
factory pitch has been found, tune the signal by
means of the tuning dial so that the signal goes
down through zero beat and up to approximately
the same pitch on the other side. This response is,
of course, much weaker than that of the peak and
it may be nccessary to turn up the volume con-
trol in order to obtain fair volume. The phasing, or
balanecing, condenser is now adjusted until the
signal is WEAKEST.

The Selectivity Control

The action of the selectivity control may now
be checked. With the receiver tuned exactly as it
was when adjusting the phasing condenser, the
selectivity control should be rotated and it will
be found that the signal will be loudest at a cer-
tain setting. This sctting is usually found with
the pointer nearly vertical. The setting giving
this maximum response is that at which the
selectivity of the crystal filter is minimum. Since
even at this minimum selectivity the ecrystal
filter is much more selective than
the straight super, the signal will be
weaker than that obtainable when the
crystal is cut out.

When a pure steady signal is care-
fully tuncd to a single signal peak, the
selectivity control should have practi-
cally no effect upon signal strength. If
there is any form of modulation, how-
ever, the signal will be loudest when the
selectivity control is set for minimum
seleetivity, sinec this adjustment allows
a greater width of signal or modulation
to be passed.

Final I.F. Adjustment

The final adjustment of the LT.
transformers may now be made. Sct
the control for maximum selectivity,
carcfully tune in a steady signal until
it is exactly on the crystal peak, and
adjust cach of the LF. transformer
tuning condensers for maximum signal
strength. In almost all cases where the,
1.F. amplifier has once been aligned to
the erystal, this check is all that would

The improved model

National Air Dielectric

condenser-tuned L.F.

transformer

in the National FB7A,

AGSX and HRO re-
ceivers

be required, and it is not necessary to put the crys-
tal in an external oscillator. Even if the I.F. ampli-
fier is considerably out of alignment, the crystal
frequency may be found by employing a strong
local signal from a monitor or frequency meter,
slowly tuning across it while listening for a peak
in the audio beat note. If the peak is found at a
very high audio pitch it will be nccessary to
change the tuning of the beat oscillator so that the
audio peak will be well inside the limits of audibil-
ity. It is probable that if the peak signal is found
at all, the LT. amplifier will not be far out of
tune and the readjustments required will be small.

Where the LF. transformers are tuned with air
dicleetric condensers, the adjustments when once
made are permancnt and necd only be checked
when new tubes are substituted, provided of
course the recciver is not subjected to severe
mechanical shoeks or vibration. LF. transformers
tuned by compression type mica dieleetric con-
densers, on the other hand, should be checked
frequently, since the eapacity of such condensers
is changed by temperature and humidity fluctua-
tions. Thesc statements are equally applicable
to the beat oscillator cireuits.

Checking Crystal Action

The erystal response, or crystal activity, may
be ecasily checked as follows: With the signal
tuned in exactly as mentioned in the previous
paragraph and the sclectivity control set at
maximum selectivity, disconnccting the filter
(by turning the phasing knob to “0”), should
weaken the signal slightly. There will, of course,
be a great increase in tube hiss, background noise
and interfering signal, but the actual strength of
the desired signal should be weaker. It is possible,
of course, to obtain a louder signal in
the straight super connection by reset-
ting the selectivity control and this is
quite normal. The fact that a signal is
weakened when using the erystal filter
is relatively unimportant, inasmuch as
the filter is only used when interference
or static is present, and such interfer-
ence will be made about 100 times
weaker, thereby greatly improving the
readability of the signal.

A crystal which is found to be a poor
resonator should be carefully removed
from the holder and both crystal and
plates cleaned with aleohol, gasoline,
carbona, ether, or some similar fluid.
In reassembling the holder care must
be taken to see that the crystal is
free between the plates; that is, that
there is a suitable air gap (usually
two or three thousandths) between the
plates and the erystal and that the
crystal is free to move sideways in any
direction. The fibre pieces may be re-
moved if desired as they serve only to
protect the crystal in shipment.

as _used
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Resistor & Condenser List

Ri RF. GainControl............... . ... ... .. 10,000 ohms Variable
R: 2nd Detector Bias Resistor. ... ... ... ... .. ... ... ... ... 5000 145 Watt
R; 1st LF. Grid Filter Resistor. ... .... ... ... ... .. ... ...... 500000 “ Ls Watt
R: IstLF.BiasResistor....... ... .. ... .. ... . ... .. .. .. .. .... 300 Ls Watt
R; H.F. Ose. Sereen Resistor. . .. .......... ... . ... ..., 50,000 “ 15 Watt
Ry 1st Det. Sereen Resistor. .. ............. ... ... ... .. 100,000 15 Watt
R; H.F. Osc. Bleeder Resistor. .. .............................. 100,000 Lo Watt
Rs 2nd LF. Grid Filter Resistor. .. ............................ 500,000 “ 1s Watt
Ry 2nd LF. Bias Resistor. .. ........ ... ... ... ... .. . .. 300 L Watt
Rip R.I. and I.F. Screen Resistor............................... 20,000 ¢ 2 Watt
Rii  S-Meter Bridge Resistor. . ............ ... ... . ... ... 2,000 “ 15 Watt
Ri; 2B7 Pentode Grid Resistor. .. .............................. 500,000 ¢ 145 Watt
Ri; Diode Filter Resistor. . .. ... ..o 50,000 ¢ 15 Watt
Ris Diode Equalizing Resistor. ... ... ... ... . ... ... .... 250,000 ¢ 14 Watt
Ri;  Screen Bleeder Resistor. e oo .o 30,000 ¢ 1 Watt
Ris Pentode Screen Bleeder Resistor . ... 20,000 ¢ 14 Watt
Ri; Pentode Sereen Resistor. .. ..... ... ... . ... .. ... ... .. 100,000 ¢ 1 Watt
Ris Pentode Plate Resistor. . ... ... ... ... ... ... ... ........ 100,000 1 Watt
Ris AVC Filter Resistor. .. ... . ... .. .. .. .. 500,000 ¢ L Watt
Ry 2B7 Bias Resistor. . ... ... .. ... ... ... 800 ¢ L5 Watt
Rs1  Heater — Center-Tapped Resistor.............. ... ... .. ... 60 ¢

R.: CW Osc. Sereen Resistor. o o o ... 250,000 ¢ 15 Watt
Ry; CW Ose. Plate Resistor. . .. ... .. ... .. ... . ... ... 100,000 ¢ 15 Watt
Rys CW Osc. Screen Bleeder Resistor. . ... ........... ... ... ..., 100,000 ¢ L5 Watt
Ry; Output Pentode Bias Resistor. . ............................ 500 ¢ 1 Watt
Rys Output Pentode Grid Resistor. ... ......... ... ... ... ..... 500,000 ¢ L3 Watt
R,7 1st R.F. Bias Resistor. 300 14 Watt
R.s Ist R.F. Grid Filter ReSiStOr . - . 500,000 “ 15 Watt
Ry 2nd R.F. Bias Resistor. . ... ... ... ... .. ... . ... ... 300 “ 15 Watt
Rjo S-Meter Bridge Resistor. . .......... .. .. ... ... .. ... .. 2,000 ¢ 14 Watt
R;: 2nd R.F. Grid Filter Resistor............................... 500,000 * 14 Watt
R;; S-Meter Balancing Resistor. ... ........ ... .. ... .. .. 1,000 « Variable
C, Heater By-pass Condenser. .. ........... ... ... ..ot 1 mfd. 200 Volt
C, 1st LF. Grid Filter By-pass Condenser. ... .................. .01 “ 400 Volt
C;  1st Det. Cathode By-pass Condenser. . ...................... 1 “ 200 Volt
C, 2nd R.F.B+ By-passCondenser. ... ....................... . “ 400 Volt

1

C; H.F. Osc. Screen By-pass Condenser. . ...................... 1 “ 200 Volt
Cs 1st LT. Cathode By-pass Condenser. .. ...................... 1 « 200 Volt
C,; 1st Det. Sereen Coupling Condenser. . ....................... 1 « 200 Volt
Cs LF.B+ By-passCondenser................. ... ... 2 400 Volt
C; 2nd L.T. Grid Filter By-pass Condenser. . .................... 0 o 400 Volt
1

= O

Cio 2nd LF. Cathode By-pass Condenser. . . ..................... . “ 200 Volt
Cii  2B7 Cathode By-pass Condenser. . .......................... 10. “ 50 Volt
C,2 Diode Filter Condenser. .. ......... ... ..ciiiiiiiiiiin.. .0001 “ Mica

C,; Diode Filter Condenser. . .. ...ttt 00025 “ Mica

Cis 2B7GridCouplingCondenser..,.......A.........“A.A..... 1 “ 200 Volt
C;; Diode By-pass Condenser. . .01 «“ 400 Volt
Cis  2B7 Plate By-pass Condenser . e .0005 ¢ Mica

Ci7 2nd R.F. Cathode By-pass Condenser. . ..................... 1 “ 200 Volt
C,s  Output Pentode Grid Condenser . e .1 ¢ 400 Volt
Cis  Output Pentode Cathode By-pass ‘Condenser . e 10 ¢ 50 Volt
C,0 Heater By-pass Condenser. . ................ ... .. ........ . “ 200 Volt

1

Cii OW Osc. Screen By-pass Condenser. . . ...................... 1 “ 200 Volt
Cy2  1st R.F. Cathode By-pass Condenser........................ 1 « 200 Volt
Cy; R.F. and LF. Screen By-pass Condenser. .. .................. 1 “ 200 Volt
C,: 1st R.F. Grid Filter By-pass Condenser. . .. .................. 0 400 Volt
C;; 1st RF. B+ By-passCondenser. .. ......................... 1 “ 400 Volt
Cy  2nd R.F. Grid Filter By-pass Condenser. .. .................. .0 400 Volt
C,; CW Osc. Receiver Tuning Condenser. . ...................... 30. mmf, Variable
X; B+ (stand-by) Switch

X, CW Oscillator Switch

X; AVC On-Off Switch

— =
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Modern Design of High-Frequency Stages

for the Amateur Superhet

Matching, Tracking and Stabilizing Multi-Tuned Circuits

By James Millen, WIHRX;* and Dana Bacon, WIBZR#*:

This article is reprinted from the January 1935 issue of the magazine
QST. We are indebted to the editors for permission to reprint herewith.

THE advantages of a multi-stage r.f. amplifier
between the antenna and first detector of a
superheterodyne receiver are well known to most
amateurs. As repeatedly shown in @S7', such an
amplifier is essential to obtaining high effective
sensitivity and a high signal-to-image ratio.
Simple regenerative input eircuits, while offering
some aid, have definite limitations, as well as
being difficult to tune and erratic in performance.

Offhand, it might be wondered that receivers
employing one or two r.f. stages have not been
more generally available to the amateur; but in
the construction of such a receiver there have
been many difficult design problems to overcome.
It is unfortunate that the unquestioned advan-
tages of a multi-stage r.f. amplifier between the
antenna and first detector of a superheterodyne
receiver cannot be realized in simple fashion.

Amateur-band superhets with pre-amplifiers
have become standard, however; and since the
receiver is of such primary importance in the
amateur station, the design problems of this type
of equipment are of no little interest. The prin-
cipal problems relate to tracking of tuning,
uniform gain, h.f. oscillator stability and ade-
quately calibrated band-spreading.

Circuit Tracking and Uniform Gain

At the lower frequencies the circuit matching
problem is relatively simple and requires only the
usual precautions with regard to careful matching
of coils and gang econdenser sections. Above 10,000
ke., however, ordinary production methods can-
not be used. Much greater precision is required.
Not only are precisely adjustable trimmer con-
densers required in all circuits, but also some
means must be employed for obtaining inductance
trimming. For instance, it was found that the
total length of wire in a 28-me. tuned circuit
(including condenser leads, ete.) must be held
within one-quarter inch. One satisfactory method
of inductance trimming is illustrated in Fig. 1A.

* Middleton, Mass.
*#41 Bellington St., Arlington, Mass.

The last half-turn of wire is brought out in a loop,
normally at right angles to the rest of the coil.
Bending the loop one way or the other gives an
inductance variation equivalent to adding or
subtracting a half-turn from the coil. The lower
frequency coils can conveniently employ a

%

Dia. |

Inductonce
Trimmer Loop

A
le w |
| 1% -
p
Dia.
Inductance
Trimmer Disc.

B

FIG. 1—INDUCTANCE TRIMMING METHODS

A—High-frequency coils.
B—Low-frequency coils.

different type of inductance trimmer, shown in
Fig. 1B. As the disk is moved toward the center
of the coil, the inductance is decreased.
Understanding of the electrical matching and
tracking will be clarified by an explanation of the
exact funetion of each of the somewhat imposing
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array of condensers associated with each stage in
the diagram of Fig. 3. To begin with, the ganged
main tuning condensers C; (those at the lower
right-hand side of each group) have a capacity
range determined by
the widest frequency
span required, name-
ly, 4000 to 1700 ke.
All the other vari-
able condensers
shown are built into
the plug-in coil as-
semblies and are,
therefore, adjusted
individually in one
range only. The con-
densers C3 connected
directly across the
tuning condensers are
the main trimmers,
the purpose of which
is to bring the mini-
mum capacity of all
circuits to the correct
value. As far as the
general coverage
ranges are concerned,
these trimmers, to-
gether with the oscil-
lator series tracking
condenser Cy (shown
just above the stator
of the oscillator tun-
ing condenser) and
coils of the proper inductance, are all required
for exact ganging.

When changing to amateur band-spread, two
additional eondensers are necessary in each
circuit. The “A” contacts, being open, connect con-

for full frequency coverage.

"“’J_

]

FIG. 2—TUNING ARRANGEMENT USED TO
GIVE UNIFORM GAIN IN THE 14- TO 30-MC,
RANGE

denser C; in series with each tuning condenser,
thus lowering the maximum capacity effective
and limiting the tuning range so that the desired
band is spread over the major portion of the dial.
These condensers, now being in series with both
the tuning condensers and the main trimmers,
also cause the minimum eapacity across the coils
to be lowered considerably. With the “B” con-
tacts closed, however, another condenser Cp is
connected in parallel with each of the coils,
bringing the minimum capacity to the value re-
quired for properly centering the band on the dial.

The problem of obtaining uniform gain over

ESSENTIAL ELEMENTS OF THE MULTITUNED INPUT
CIRCUITS DISCUSSED IN THIS ARTICLE

The shielded coil assembly (shown in front of the panel) plugs
in beneath the condenser gang, four such assemblies being used

ranges below 14 me. is comparatively simple
since it is only necessary to use high inductance
primaries with the correct amount of eapacity
coupling. To those who are not familiar with this
system of coupling, a
brief explanation will
be of interest. The
primary winding has
a large number of
turns of fine wire, so
that it will be broadly
resonant just below
the low-frequency
end of the tuning
range. The point of
resonance is deter-
mined by the circuit
and plate capacity of
the r.f. tube in paral-
lel with the coil. The
signal transfer from
the tube to the pri-
mary will, therefore,
increase as the reso-
nant point is ap-
proached; in other
words, as the tuning
condenser is varied
from minimum to
maximum capacity.
On the other hand,
the impedance of the
tuned circuit will de-
crease as the capacity
is increased and at the low-frequency end will,
therefore, require the additional signal which
the primary is supplying.

It often happens, however, that the effect of the
primary is predominant, resulting in higher gain
at the low-frequency end. Additional compensa-
tion is obtained by a small amount of capacity
coupling directly between the plate and the grid
of the following tube. This coupling, being small,
will have less effect at the low frequencies but
will have a large effect at the high-frequency end,
since the impedance of the coupling condenser
decreases as the frequency is raised. This system
of r.f. coupling is entirely satisfactory below 14
megacycles, but between 14 and 30 megacycles it
is not effective. In this range the gain falls off
rapidly and the resonance of the primary is
inadequate in its levelling action.

The system finally devised to overcome this
difficulty is illustrated in Fig. 2. The primary
plate winding is coupled as closely as possible to
the tunecd circuit, being interwound with it, and
having the same number of turns. The grid wind-
ing is also closely coupled to the tuned eircuit
and consists of a large number of turns of fine
wire, the coil itself being resonant just outside the
low frequency end of the range. This grid winding
gives considerable voltage step-up and at the same
time compensates for the varying impedance of
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Frequency drift in the oscillator becomes an
increasingly difficult problem to solve as the
range of the receiver is extended toward 10 meters.
While variations in the room temperature are

the tuned circuit in such a way that the gain is
uniform. It should be pointed out, however, that
the grid coil itself is resonant and not the coil plus
the circuit and the tube capacity.

g FIRST R
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FIG. 3—SCHEMATIC OF THE R.F. AM.

PLIFIER, FIRST DETECTOR AND OSCILLA-

TOR HIGH-FREQUENCY CIRCUITS, WITH

VARIABLE BAND-WIDTH LF. CRYSTAL

FILTER, AS USED IN THE NATIONAL HRO
RECEIVER

AT

The main tuning condensers C; are ganged. Other condensers of the high-frequency circuits
are identified in the text. Resistance values indicated are ohms, capacitance values pfd. (frac-
tions) and pufd. (This is a preliminary diagram and is superseded by the one on page 4).

The H.F. Oscillator

The third problem encountered in the design of
wide range Single-Signal receivers is the high-
frequency oscillator. The requisite degree of
stability ean be obtained through the use of a
screen-grid tetrode or pentode in the oscillator.
When used in the conventional elcetron-coupled
circuit, however, the tetrode has one particularly
objectionable characteristic; namely, it delivers
to the first detector not only the desired funda-
mental frequency but also strong harmonics, the
2nd, 3rd, and 4th often being responsible for the
reception of phantom signals, whistles, and for the
aggravation of general noise. These harmonics are
much stronger (as compared to the fundamental)
in the non-sclective oscillator plate circuit than
they are in the tuned grid-cathode circuit. Hence
it is more desirable that the first detector should
be coupled to some portion of the latter cireuit,
rather than to the plate circuit. The electron-
coupling feature, necessary to isolate the oscillator
tuned circuit from the detector tuned circuit, can
be obtained in the detector tube.

The circuit diagram of Fig. 3 shows the screen
grid of the first detector capacity-coupled to the
cathode of the oscillator. Coupling in this manner
has the advantages of electron-coupling, inas-
much as the first detector screen is not directly
associated with the tuned signal circuits. In addi-
tion to eliminating trouble from harmonies, this
system has another important advantage; by
correct, placement of the cathode tap, the oscilla-
tor input to the detector may be held constant
over the entire range. Incidentally, this coupling
condenser serves a double purpose in that it also
acts as an i.f. by-pass condenser.

usually so gradual that drift resulting from this
source is not objectionable, it is minimized
through the use of padding and tuning condensers
which are compensated against temperature
change and through the use of material for coils
which has a small temperature coefficient.

A

MEDIUM.-FREQUENCY R.F. COIL UNIT RE-
MOVED FROM ITS SHIELD

The cause of the most objectionable frequency
drift is the change of inductance of the coil as
the interior of the receiver is heated by the tubes
and power supply. The chief offender, the power
supply, fortunately can be a separate unit; but
the tubes must remain in the receiver. To mini-
mize heating the coils are placed at the very
bottom of the receiver, underneath the chassis, in
a scparate shielded compartment. The heat from
the tubes will, of course, rise toward the top of the
receiver and the coils will remain nearly at room
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temperature. The coil shielding must be complete,
of course, to prevent convection air currents from
coming in contact with the coils, as well as for
good magnetic and electro-static shielding.

The oscillator must be of the Hartley type if the
full advantages of the tetrode type of oscillator
are to be utilized.! The system described fulfills
this requirement, in that all the tuning devices
are connccted across the whole coil. This is im-
portant. If, for instance, the tuning condenser is
connected across only a portion of the coil, the
cireuit tends to become unstable and the fre-
quency will change with variations in the line
voltage. In rcecivers employing separate coil
units for the general coverage and band-spread
ranges, however, it is permissible to use extremely
high “C” circuits to obtain stability.

Probably as the result of broadeast receiver
practice, many short-wave receivers have been
designed with the idea of covering the greatest
possible range with the fewest coils, with the
individual coil ranges determined entirely by the
size of the tuning condenser. This is hardly satis-
factory for amateur work since unfavorable L/C
ratios and non-uniform band spread result, and
the operator must refer to calibration charts in
order to locate, even approximately, any amateur
band. In the tuning system under consideration,
the coil ranges are chosen so that each just covers
two amateur bands, one at cither extremity of the
range. For instance, the highest frequency range
starts just above 30 megacycles and extends to
just below 14 megacycles; the next range starts
just above 14.4 megacycles and extends to just
below 7 megacycles; and so on. For general
coverage it is thus possible to tune through any
two adjacent bands without change of coils.

Furthermore, any coil unit may be used
alternatively for either general coverage or
calibrated amateur band spread. As indicated in
the circuit diagram of Fig. 3, there are two pairs
of contacts in each tuning circuit. When the “A”
contacts are connected, the general coverage
ranges will be as described above. When the “A”
contacts are open and the “B” contacts closed,
two circuit changes are made: a small condenser
is connected in series with the main tuning
condenser thus reducing its capacitance range;
and an additional trimmer condenser is connected
across the coil, thus increasing the minimum cir-
cuit capacitance. These condensers are of such
size that, when in use, full band spread will be
obtained on any amateur band. For instance,
changing the contacts from “A” to “B” on the
30- to 14-megacycle coils will give full band
spread on the 30- to 28-mec. amateur band. The
14-me. band can still be received without change
of connections by using the next lower frequency
set of coils.

There are several advantages to this system,

1 This circuit is derived from the Hartley arrangement
described by J. J. Lamb in the article, *‘Stabilizing Super-
heterodyne Performance,” QST, April, 1932,

the first and most obvious being a positive, un-
changing and uniform calibration for each of the
band-spread ranges. The condensers are, of course,
adjusted so that each band has the same spread
on the dials. There is still another advantage
which is not readily apparent from an inspection
of the diagram; namely, that it is possible to
obtain straight-frequency-line tuning on both
band-spread and general coverage ranges. It will
be noted that one trimmer condenser is connected
directly across the tuning condenser while the
other is connected across the coil terminals with
the “B” contacts in series. With the “A” con-
tacts connected (“B’ open) the first mentioned
trimmer is directly across the coil and serves as a
conventional padding condenser. The plates of
the main tuning condenser are shaped so as to
give straight-frequency-line tuning on the full
coverage ranges. With the “A’’ contaets open and
“B” closed, this trimmer is effective only in
increasing the minimum capacity of the tuning
condenser and by so doing gives practically
straight-frequency-line tuning on the band-
spread ranges also.

Mechanical Considerations

So far we have discussed principally the electri-
cal considerations invelved. The mechanics of the
tuning arrangement, together with the condenser
and coil construction, are fully as important.

A good tuning system should be convenient to
operate and this requirement necessitates the use
of a positive vernier drive in order that band-
spread tuning may be obtained at any point in the
frequency range. A little thought will show that
band-spread tuning is always obtained through a
combination of mechanical and electrical devices.
While continuous band spread might seem pos-
sible mechanically with a condenser drive having
a sufficiently large reduction, in praectice a very
large reduction is not easy to obtain without in-
troducing backlash, or without sacrificing accu-
racy of calibration.

In the mechanical section of the tuning system
under consideration the tuning condensers are
driven through a worm gearing, spring-loaded
to take up backlash and wear. The main dial is
mounted directly on the worm shaft and is
rotated ten times for 180° rotation of the con-
densers. The auxiliary dial numbers appear
through windows in the main dial shell and are
changed automatically every revolution of the
dial by means of an epicyclic gearing so that the
calibration is numbered consecutively from 0 to
500. Through this mechanism, it is thus possible
to obtain a continuous dial reading of from 0 to
500, the actual useful length of the equivalent
scale being twelve feet. The result is that signals
are well spread out on the scale, even on the
general coverage ranges, making tuning and
logging both convenient and precise. With the
coil connections shifted to give full spread on any
amateur band the character of the system is
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especially striking. The 14-me. band, for instance,
is given 400 dial divisions, which, since the band
ig 400-ke. wide, means that the tuning rate is 1000
cycles per dial division. This feature will be espe-
cially appreciated by anyone who is accustomed
to tuning the Single-Signal type receiver with the
crystal filter circuit adjusted for maximum
selectivity.

Gain Control and Strength Meter

We come now to the matter of r.f. gain control.
While no unusual difficulties are presented, the
multi-stage r.f. amplifier offers the designer an
opportunity to overcome problems which are
bothersome in simpler receivers. In order to
obtain the best signal-to-noise ratio the first tube
should be operated at maximum gain. This is
especially important for weak signal reception.
When two tubes precede the first detector, the
manual r.f. gain control may be connected only to
the second r.f. tube (and to the i.f. tubes) with a
decided gain in weak-signal performance. The
a.g.c. circuits are, however, connected to both r.f.
stages, so that strong signals will be held more
closely to the same output level.

Such a ecombination of a.g.c. and manual con-

trol makes possible accurate “S-meter’”’ measure-
ment of the carrier strength of any received signal.
Fig. 3 shows the “S-meter” network connected in
the B-supply circuit to the r.f. and i.f. stages.
Actually the meter is the indicator of a bridge
circuit, three legs of which are fixed resistors, and
the fourth (variable) leg the plate circuits of the
a.g.c. controlled tubes. The bridge is balanced by
means of the manual r.f. gain control, which,
through its action of indirectly changing the
plate resistance of the tubes, automatically
adjusts the r.f. and i.f. gain to a predetermined
level at the same time that the meter is brought
to zero. The strength of the incoming signal is,
therefore, aceurately indicated by the action of
the a.v.c. circuits in controlling high frequency
gain.

If it should happen that the S-meter network
gets out of balance, the alignment procedure is as
follows. Disconnect the antenna and turn off the
AVC, set the R.F. gain control at 914, then, by
means of a screw driver, adjust the control No.
17 (as shown in the layout diagram) until the
meter reads 0. This control is located in the chassis
in back of the meter near the antenna binding
post.
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TYPE HRO RECEIVER

HRO Receiver, 214 volt A.C. or 6 volt model, complete with coils as described,
but without tubes, speaker, or power supply. Lyst Price, $233.00

Tubes required for 214 volt operation: Four 58, Three 57, One 2B7, One 245.
Power supply requires 1 Type 280.
Tubes required for 6 volt operation: Four 6D6, Three 6C6, One 6 B7, One 42.

ACCESSORIES

A complete set of coils for the range from 1.7 M.C. to 30 M.C. is supplied as
standard equipment with each receiver.

Two additional sets of coils covering the broadeast band (500-1000 K.C. and
900-2000 K.C. respectively) are available at extra cost. List Price, each, $20.00

HRO-P Aluminum Panel for Relay Rack Mounting, leatherette finish, engraved
and machined to fit over the regular front panel of the HRO. List Price, $20.00

RFSH Speaker and Panel, employs a dynamic speaker of the permanent magnet
type, requiring no power supply. The speaker is mounted on a standard panel
(834 x 19’’) and is provided with an impedance matching transformer and con-
necting cord. List Price, $30.00

RR Relay Rack, floor mounting, built to Government Specifications and drilled
and tapped to receive standard panels of all sizes, is of steel, finished in black
gloss Duco. 534 ft. high. List Price, $65.00

LRR, a knockdown, lightweight rack designed especially for amateur station
use is now available. This rack can be “cut down’ for bench mounting if
desired. List Price, $22.50

POWER SUPPLIES

Power Supply Unit, Type 5897, for 214 Volt HRO Receiver, 115v, 60 cycle,
less tubes. List Price, $26.50

The above power supply is for table or floor use and is of the standard eom-
pact National type. A power supply unit is also available in the Relay Rack
mounting style as follows: Power Supply Unit, Type GRSPU, special 214 volt
HRO style. List Price, $49.50

The above prices are “‘list.”” A 409 discount applies when purchase is made through
an authorized distributor.




SINGLE SIGNAL

The completely shielded single signal unit has
a front-panel selecti control with sufficient
range for phone reception, as well as a front panel
phasing control for heterodyne elimination. The
crystal is of a new type, virtually eliminating side
peaks. The holder, also new, mounts the crystal
vertically, permitting free oscillation, And when
turned “off," the unit becomes a conventional L.F,
coupling unit which contributes its full share to
the remarkable overall selectivity of the HRO.,

WORM DRIVE TUNING

The HRO employs the new PW precision con-
denser with worm-drive tuning. Smoother and
more sensitive than a friction drive, it permits
swift, accurate tuning and precise calibration. The
micrometer dial has an eFective scale length of
twelve feet, direct-reading to one part in 500. The
electrical characteristics are of the same high order,
each of the four sections having fow-loss Steatite
stator insulation, insulated rotors and individual
non-inductive rotor contacts.

GANGED PLUG-IN COILS
CALIBRATED BAND-SPREAD

The plug-in coils of the HRO are ganged for
easy handling, and individually shielded for
stability. Used as general coverage coils, each
range includes two amateur bands and the spectrum
between. By a simple switching device, the same
coils are changed to band spread the respective
amateur bands, spreading them over a uniform
span of 400 divisions. All ranges are accurately
calibrated at the factory.

HIGH PERFORMANCE CIRCUIT

The nine-tube circuit employed in the HRO is
remarkable for level gain from 1.7 to 30 mc. Two
stages of tuned R.F. amplification preceding the
tuned detector provide the notable signal-to-
image ratio of 1000 to 1 at 14 mc., as well as
exceptional usable sensitivity, The HRO is de-
signed for either double or single wire antenna.
Other features include separate audio and R.F.
gain control, AVC, Beat Frequency Oscillator,
Siq:m': Strength Meter, Phone Jack and B-voltage
switch,
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