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THE HRO-S50 RADIO RECEIVIR

SECTION 1, DESCRIPTION
1+1, GENERAL

The HRO-H0 1e n deluxe Hadio Recelver featuring performance and versatility,
Fifteen tubea, including a rectifier and a voltage regulator tube, are utilized in
a superhetrodyne circuit for the reception of code and phone signals throughout its
frequensy range of 50 to U30 ikiloeycles and LZO te 35,000 kilecyclee, The HRO type
Receivers havg long been outstanding and proven performers in Communlcetion and
Amateur services, This new series of HRO-50 Receivers feature many desirable in-
novations emanating from the latest advances in recelver circultry and mechanical
design, It ie housed in a new and enlargsd cabinet styled in an attractive gray
finish with a self-contained power supply adequately isclated from the R,F, cire
gults, A calibrated, 11luminated slide-rule dial provides direct reading in mega-
cycles for each of the General Coverage coil seis as well as an additional band-
spread scale for those coll sets incorporating this feature, A front-panel mounted
oecillator trimmer contrel 1s provided to assure precise calibratlon, Of course,
the dial-driving mechanism still features the micrometer dial. Temperature compen~
sation and voltage regulation of the high-frequency oscillator as well as utiliza-
tion of ceramie insulation in the coil sets and associated connecting brush bleocks
provide stable operation and freedom from drift, A single front-panel mounted
Control switch selects any one of the four mcces of operaticn, C,W,, Phoue, Nerrow=
Band P M, or Phono, Sockets mre mounted on the receiver chassls to accommodats the
National Type FFM-50 FM adaptor and the National Type XCU Crystal Calibrator Unit,
These accessories may be permanently installed and switched On and Off by means of
the front-panel swltches, At the rear of the Receiver sockets are available for
external use of the National Type SOJ-3 Select-O~Ject and National Type 6505 Vibra-
tor Power Supply or battery power supply. The S-Meter circult is designed so that
the operator may adjust the sensitivity of the S-Meter, A push-pull audio system
delivers the utmost in audio frequency response and undistorted power output from
the bullt-in output transformer., Other highlights include a six position erystal
filter, maximum bandsprealing of the amatenr banda, a quick-asting bandspread
switch, dimmer control for the sliide-rule dial and S-Meter lamps,

A standerd equipment conslsts of a Recelver, Loudspeaker and coil sets A, B, C
and D, Coil sets Type £, ¥, G, H, J, Ah, AB and AC may be obtained es desired, ag-
cessories avallable include the National types NFM-50 Narrow-Band F,M, edapter, XCU
Crystal Calibrator, S0J-3 Select-O-Ject and 650-5 Vibrator Fower Supply.
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1-2, CIRCUIT

For all frequency ranges the circuit utilizes twe tuned stages of radio fre-
quency empliflcation, a tuned mixer stage, a high-frequency oscillator employing a
tube separate from the mixer tube, a first intermedlate frequency amplifier stage
employing a variable-selectivity crystal filter and a conventional second interme=
diate frequency amplifier both operating at U455 kilocycles, a combined second de-
tector-automatic volume control stage, an S-Meter amplifier, m double-mction adjuct=
able threshold double-dlode noise limiter, a flrst audio amplifier, a phase inverter
a push-pull audio amplifier and a beat frequency oscillator coupled to the second
detector to provide for O,W, veception,

All voltages required by the Recelver are supplied by & built-in power supply,

A voltage regulator tube 1s used to regulate the plate supply to the high-frequency
oscillator and the S-Meter amplifier stages,

1-3, ANTERNA INPUT

Antenna input terminals are provided at the rear of the Receiver, The input
cireuit is suitable for operation with a single-wire antenna, a balanced feed line
or a low impedance 72-ohm unbalanced eonceniric transmissicn cable, The actual
antenns input impedance is between 300 and 600 ohms depending on the frequency of
the input signal,

1-4, TUBE COMPLEMENT

The HRO-50 Receiver is supplied complete with tubes which are tested in the
Receiver at the time of alignment,

Phe tubes smployed are as follows:

Pirot R.P, Amplifier GBAS
Second R,F, Amplifier OBAD
Mixer 6BE6
High-Trequency Oscillator 6ck
Pirst I, 7, Amplifier 6K7
Second 1.F, Amplifier 67
Second Detector - A,V,C, bHb
Noioe Limiter €Hb
S-Meter Amplifier - Phass Inverter 6SHTGT
First A F, Amplifier 6SJ7
Audio Output (2) 6Y667T
Beat Frequency Oscillator eJ7
VYoltage Regulator 0B2
Rectifier AT4G

1-5, TUNING STYSTEM

The frequency coverage of the HRO-50 is covered in twelve bands as follows!

_COIL SET __GENSRAL COVERAGE BANDSPREAD
A 14,0 - 30,0 Mc. 27.0 - 30,0 He,
B 7.0 = 14,4 Me, 14,0 - 14 L4 Me,
c 3-5 - 7-3 Mc- 7-0 - 703 Mcu
D 1.7 = 4,0 Mc, 3.5 = 4,0 He.
i 300 - 2050 Kc,
r

480 - 960 Ke,
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180 - 430 Ke,

100 - 200 Kc.

50 - 100 Ke.
27-5 - 30 "co

25 - 35 Me.

BuE=e

21,0 - 21.5 Me.

As shown above plug-in coll set types AA, AC, A, B, C and D provide bandspread
coverage of the 10-11, 15, 20, 4O and 20 meter amateur bands, The AL, AC, B, ¢ and
D bandas are apread ocut so as to cover 40O dial divieions while the A band is spread
430 divisione on the KOO division main tuning dial., This is accomplished by switch-
ing a emall variable capacitor in ceries with each section of the mein tuning capa-
citor, thus reducing its effective capacity range, All of the ccll sete are factory
aligned in the Recelver using accurate crystal-controlled test oscillators thus as-
suring precise allgnment,

The micrometer type dial drivees the main tuning ecapacitor through a worm drive
having a reduction retioc of approximately 20 te 1, Backlash 1ls eliminated by the
use of a apring-loadeé split worm wheel which assures positive drive in either
direction at all times, This diel has an effective ecale length of approximately
twelve feet and is callbreted from zerc to 500,

A sllde-rule type dlal 1s synchronized with tlie micrometer dlel by means of an
anti-backlash gear and an efficient string drive arrangement to the main tuning
dial. A dilal drum nwrovides a means of mounting eight scales. dach of these scales
is calibrated in megecyclos for the general coverage and/or bandspread frequercies
depending on the coll eet, HMounted on the front panel ls a band selector switch
for ease in rotating the disl drum to select the proper band scsle to correspond t¢
the ccil set in use, GZach scale is clearly marked with the band designation, Two
pilot lamps are used, one at each end of the dial scale drum, for illuminaticn,

The degree of illumination is controlled by the front-panel mounted Dimmer control,

1-6, CRYSTAL FILTHR

The selectivity characteristice of the HRO-5C are made adjustable by means of
a crysetal filter, Located in the flrst intermediate frequency amplifier this crys-
tal filter is designed for extreme flexibllity and efficienecy of operation, A six-
position Selectivity switch and a crystal Fhasing control are front-panel mounted
for adjustment of the filter, PFigure Number 1, shows the selectivity characteris-
tice of the Recoiver for esch of the esix positione of selextivity,

The crystal filter may be used for elither C,W, or phone reception; any degree
of selectivity from true single-signal to wide bvand A M, hroadcast recepticn being
available., Operation of the Phasing control provides for effielent suppression of
interfering C.¥, signals or M.C.W, signals which may produce otjectional hetero-
dynes,

1-7. NOISE LIMITRR

The noise limiter in the HRO-50 Heceiver uses an asutomatic type double-action
cireuit resulting in limiting nolse pulses on both the positive and negative peaks,
It 18 equally effective nn both C W, and phone reception, The usefulness of this
limiter will be most appreciated on the higher frequency bands of the Reseiver when
automoblle ignition noise and other high frequency disturdances are effectually
suppressed, A threshold contrel on the front panel permits adjustment of the level
at which limiting action starts,

®©john F. Rider
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1-6, TONE CONTROL Tigure No, 1, Crystal Filter Selectivity Curves

The Tone control circult has been especilally deelgned to provide a versatile
variance of the frequency characterietice of the audic amplifier output, In the
extreme counter-clockwise posltion the greatest degree of high audio frequency res-
ponse is obtained, Rotating the control clockwise until the switeh mounted on the
control just clomes provides & comperatively flat response over the entire usable
audio frequency range, Further eclockwise rotation will reeult in the high audle
frequencies being attenuated &s illustrated in Figure Number 2, This control is
perticularly helpful when receiving weak signals through interference, If a eignal
1s weak =nd partially obscured dy background noise or static, an improvement in sig-
nal-to-noise ratio wlll be obtalned by rotating the Tone control in a clockwlise
position thereby attenuating the higher auwdio frequencies,
Figure No, 2, Audaio Amplifier Response
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19, TEMPERATURE COMPENSATION

II The HRO-50 1s compeneated for freguency drift due to temperature changes which
may detune the Receiver from the desired signal over long or short perioeds of recep-
tion, The most objectionable cause of frequency drift 1s the change of inductance
of the high-frequency oscillator coil as heat from the tubes causes the interior of
F the Receiver to increase in temperature, This undesirgble heating effect in the R.F
colls is minimized by the position of the plug-in coil sete in that they are placed

at the bottom of the Receiver underneath the chassis in a separately shielded com-
partment, A further safeguerd ageinst frequency drift is provided for on bandspread
operation, The heat whieh is dissipated in the high-frequency osecillator may change
the inter-electrode capacity of the tube and thus cause frequency drift, To offset
this effect a small negative temperature coefficient capaclitcr ls placed adjacent to
the high~frequency oscillator tube to compensate for any change caused by the inter-
nal heating of the tube,

i The coll set terminal connecting boards of each shielded coil can as well as
thelir mating brush blocks have been made of ceramic type material, Ae & result free-
dom from any possible leskage due to poor ineulation essures a low degree of drift,
This will be found especislly true of the coils operating at the higher frequencies,

1-10, SIGNAL STRENGTE METER

Signal input remdings are indicated in S-units from 1 to 9 and in decibels a-~
bove 5-9 from zero to LD db, on the panel-mounted signal strength meter, A reading
of S-9 is obtained with an input signal of approximately 25 microvolis, The metier
employs a zerc to 1 milliampere movement with 1%s mechanical zero at 40 db, on the
dial sacale, The S-Meter is connected in series with the plate lnput of the S-Meter
Amplifier tube V-8A and measures the plate current of this tube, With the A, C. sup-
ply switch On and the A.V.C., ewitch set at A.V.C., the 3-Meter will read zero 1ln the
absence of signal input, A variable resistor is shunted acroas the meter and with
no entenna connected this resistor allows correct adjustment of the pointer to its
electrical zero, Any increase in A,V,C. voltage caused by signal input will give
a corresponding increase in the meter reading, At the 4o db, meter reading the
AV.C, grid voltage applied reaches the cut-off point of the amplifier tube, There~
fore the pointer cannot be harmed by viclent contact with the full-mcanle meter pin,
For the purpose of comparing strong signals {which cause the meter tc contact the
full-scale meter pin) with other stronger and/or weeker signals the sensitivity of
the S-Meter may Ve lowered by retarding the R,F. Caln control, The meter dial lamp
Fillumination is regulatzd by a Dimmer contrel mounted on the front panel of the Re-
celiver,

l=11, HNARROW-BAND F M, SOCEET I

A standard octal socket, X-1, 1& mounted ineide of the Receiver on the center
portion of the power supply couwpartument chassls, It 1s designed to mount the
Fational Type NFM-H0 Narrow-Band F M, adaptor, A Control switch is front-panel
mounted to provide a meane of switching the adaptor into the output of the interme- ||
diate amplifier e¢ircuit. With the Control switch set at the N.F.M, position the re-
ceiver is adjusted for the reception of narrow=band F,M, elgnals, With the A,V,C,
switch set at A, V,C, the S-Meter ls operative in the N.F.M, position and the Receiv-
er should be tuned for maximum meter reading to assure efficient operation, Further
infornation concerning the NFM-50 unlt ls contalned in & sepurate data sheet at the
rear of this manuel,

I
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1-12, CRYSTAL CALIBRATOR SOCKET

The Crystal Calidbrator socket, X-2, is of the standard occtal type mounted on
top of the power supply compartment chassis inside of the Receiver, It is designed
to accommodate a National Model XCU Crystal Calibrator, The Model XCU 1s compactly
constructed and furnished with a drive screw clamping arrangement to hold it flrmly
in place. A double-pole, three-position toggle type front-panel mounted Calibrate
switch marked 100-0ff-1000 provides a means of connecting B-plus to the unit for

instantaneous use, At the same time by using this toggle switch a restonant crystal-
controlled frequency of either 100 or 1000 kcs, may be selected, The output of

this unit is loosely coupled to the first R.F, emplifier stage through ths sccket

wiring, Further information concerning the Model XCU unit is covered by a ceparate
data sheet included at the rear of this manual,

1-13, SELECT-C-JECT SOCKET

The Select-O-Ject socket, X-3, is a standard octal type socket accessible at
the rear of the Receiver, It is primarily designed to accommodate a National Model
S0J~3 Select-O-Ject unit, The mating plug attached to the S0J=3 permite a direct
connection into thls socket in place of the audio-jumper plug originally plugged in-
to the Select=O-Ject socket, 3By proper sdjustment of the controle mny single audio
frequency selected in the range of approximately 80 to 10,000 cycles may be boosted

or rejected, Detalled instructions for proper operation of the Select-0-Ject are
contained with the unit.

For convenlence a source of 6,3 Y,A,C, filament wvoltage, a 240 V.D,C, high volt
age as well as the 105 V.D,C, regulated voltage is avallable for operation of exter-
nal apparatus, The Schematic diagram, Figure Nuwiber 13 shows a pin view of the
Select-O-Ject socket thus providing the information necessary for making the proper
connectinng, External equipment MUST HOT be utilized if the Narrow-Band P.M. adap-
tor, Crystal Callibrator and Select~O-Jeact units are all aparated at the same time,
Consideratlon must alsc be given to the fact that the 105-volt regulated power sup-
ply cannot be switched off by the B+ On-0ff switch,

1=-1L, PHONO INPUT JACK

A Phono jack is mounted at the rear of the Receiver and can be used for connec=-
ting auxiliary apparatue, such ae a record player piek-up or mierephone inte the
audlo system of the Receiver, This input circuit ie of high-impedance providing a
suitable match for such externmal equipment into the high-gain first audio amplifier
stage, The front-panel mounted Control switch must be set at the Phono position
when using the Fhono Jjack, 3Both the A,F. Gain and Tone controls are operative with
this type of operation,

The majerity of record pleyer piok-ups are terminated in a single shlelded wire,
The Phono jack on the HRO-5C is the type that accommodates a standard phono tip plug
and 1f the record player to be used is not fitted with such a plug one can easily be

attached, If the output circuit of the record player is of low impedance (less than
100,000 ohme) improved effieclency will be obtained if & suitable resistor, with &

value as specified for the particular record player, is connected across the phono
tip plug or 1ts mating jack to properly load the record player output circuit,

1-15, AUDIO OUTPUT

The HRC-RD features a push-pull ocutout amplifier using inverse feed-back. See
Figure ¥o, 2 for the audio system response characteristle, The matching transformer
located inslde the Receiver provides two audio output clrcuits as follows;

©John F. Rider
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(1) The transformer secondary leads are brought to a three-terminal Out-
put board located at the rear of the Receiver, having both & and 500-ohm terminale
and a common ground terminal, The eight-chm terminal provides output for the speak-
or volse ¢o211., The 500-chm terminal is available for connection to a 500-ohm line,
Approximately 8 watts of undistorted audio output power is available at the output
terminal board and a maximum power of 10 watts is obtainable,

(2) A headphones jack is front-panel mounted and 1z wired sc as to si-
lence the Loudspeaksr upon insertion of the headphones plug., The headphones cutput
load impedance 1s not critical and varying types of headphones may be used including
crystal types, as no direct current flows through the headphones,

1-16, POWER SUPPLY |

The powsr supply is dbuilt in a separate compartment inside of the Receiver
cabinet incorporating a heat-resistant shielded barrier isolating it from the R,F,
chassis portion, It is designed for operation from a 110/120 or 220/240-volt, 50/

60 cycle A.C. supply source. A togrle switch is mounted on top of the chassis for
selection of either 110/120 or 220/240-volt operation, KNormal power consumption

is approximately 115 watts, The built-in power unit supplies all of the voltages
requiréd by the heater and B supply circuits, 4,5 amperes at 6.3 volts and 125
milliamperes at 240 volts respsctively, In addition this supply is also capable of
furnishing all voltages required by the accessorles such as the NFM=50, XCU and S0J=-
3. A 2-ampere fuse is connected in one side of the A,C, input supply to protect the
Receiver circults agnlnst possible voltege surges ian the powsr lime or short cir-
cuite in the Recelver, It is located at the rear of the Receiver and easily removed
for examination or replacement,

A Power Socket, XU, {s provided at the rear of the Receiver so that elther a
battery or vibrator power supply may be utilized for portable or emérgency service.
The National Type 6505 Vibrator Power Supply is designed to provide efficient oper-
ation of the Receiver with the use of a 6-vwlt storage bvattery input, ¥Furtbher la-
formation concerning the 6505 is contained at the rear of this manuml on a separate
data sheet,

1-17. LOUDSPEAKER

The HRQ-50TS or HRO-50RS Loudspeakers in table or rack mounting styles respect-
ively are designed for ise with the necelver, These are both permanent-magnet type
Loudspeskers furrished with a shielded connecting cable from the S-ohm voice coil

for connection to the output terminal board located at the rear of the Recelver,
I1f desirable a 500-ohm shielded line may be used from the Recelver output terminals

to the gpeaker and/or externally operated eguipment, In event of a dynamic type
londspeaker being used external means for supplying field excitation voltage will
be necessary,

A cabinet furnished to match the Receiver design houses the HRO-50TS Loudspesk-
er for table mounting., The cabinet 18 lined with sound absorbent material to avoid
mechanieal rescnanca,

SECTION 2, INSTALLATION
2.1, GENERAL

All HRO-50 Receivers are supplied with the following eight scales mounted on
I[fhe slide-rule dial drum, irrespective of the type of coll sets crdered, A, B, C, D,

e
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E-F, AL, AB and AC, If a coil set or coil rets are ordered with the Receiver and
the corresponding scale does not appear on the dial drum it will be found packed
with the coil set, The new scale is installed in place of any one of the unused
scales proviously mounted on the dial drum, Two Phillipe head type screws, one at
each end of the scale, hold it properly in place, The drum scales for the A, B, C
and D colil sets are frequency calibrated in megacycles for both of the avallable
ranges i_.a,, General Coverage and Bandspread, The E and F coil set ranges are on
the same scale, while the remaining scales carry Jjust the one frequency range calil-
brated 1rn megacycles, Each scale is clearly marked with the band designation,

2=2. LOCGATION

The Receiver should not be installed in small, unventilated or warm spaces,
Wherever practicable placement should be made to allew freedom of air circulation on
8ll four sides, The Loudspeaker may be located in any desirable posltlon although
it i3 not recommended that it be placed on top of the Recelver as undesirable micro-
phonics may result, The Loudspeaker should not be placed near the antenna termin-
als,

2=3, ANTINNA RECOMMENDATIONS

The radie frequency input of the Receiver is deeigned for operation from either
a single-wire antenna or other types employing transmission lines having impedances
} of 70 ohms or mere, There is an antenna terminsl panel at the rear of the Recelver
with three screwetype terminals marked A, A and G respectively, A link is providaed
on the antenna terminal panel to allow connection of two-wire or single-wire type
antennae %o the Receiver,

For best impedance matching to the Receiver input circuit an antenna with a
300 to 600 ohm tranemission line is recommended, The antenna should be cut to the
proper length for the most used frequency. The antenna transmission line feeders
ehould be connected to the two antenna tcrminals marked A; the grounding link is
not used, It must be remembered, however, that an antenna instaellation of thie type
will have maximum efficiency over a band of freguencies near that frequency for
which it i3 designed and will be most useful in installations where the Recelver is
tuned to one frequency or tand of frequenciea, For other frequencies, it would be
desirable to connect the two transmission line leads together at the antenne termi-
nal at the left of the antenna terminal panel, grounding the other terminal by means
of the link, The antenna is thus utlllzed as & slngle wire type,

The most practical antenna for use in installations where the Receiver is to be
used over a wide range of frequencles is the single-wire type, An antenna length of
from 50 to 100 feet is recommended, The antenna lead-in should be connected to the
antenna terminal marked A at the left of the antenna terminal panel; the other ter-
minal marked A should be grounded by means of the link,

¥hen a doublet is used, the antenna feeders or balanced tranemission line are
connectéd to the two terminals marked A. The grounding link is not used,

The inner conducter of a concentric transmission line should be connected to
the terminal marked A at the left of the antenna terminal panel, The outer conduc-

tor should be connected to the other terminal marked A and grounded by means of the
link to G,

In some cases where a doublet antenna is used with a low impedance concentric
or other type tranemiesion line it may be neccscary to re-trim the first R,F, ampli-
fier At the high end of each band to provide a better impedance match between anten=
na and receiver input circuit, Paragraph 4-h describes this procedure.

MODEL HRO-50
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In an installation where the Recelver 1s to be used aa the receiving unit in a
transmitting statinn the most efficlent operation will result from use of the trang—
mitting antenna as receiving antenna alse, This is especlally true if the transmit-
ting antenna 1s of the multi-clement, directional type since the same antenna galn
is available for beth recelving and transmitting - a very desiradle condition, For
switching the antenna from Receiver to transmitter, an antenna chenge-over relay
should be used. A double-pole, double-throw relay possessing good high-frequency
insulation is eultable, 4 seccnd relay and a three poeition ewitch may be used to |
eontro)l the transmitter plate supply and the Receiver B+ circuits, This second re-
lay should be a csingle-pole single-throw type having one normally open palr of cone-
tacts, The schematic diagram of this type of control circult is shown in Pigure 3, (]
¥With S-1 in the recelve peosition the antenna transmission line is connected to the
Recelver by contacts 2, 3, 5 and 6 on relay BY=l; the B+ circuit of the Receiver is
completed by the switch., (The B+ swltch on the Receiver should be at B+ Off), With
the switeh in the’ transmit position RY-1 aontacts 1, 3, U and & are closed transfer-
ring the antenna transmission line to the tranemltter; contacts 7 and 8 of relay
RY-2 eloze to complete the plate supply circult to the transmitter, Contacts 7 and [
8 of relay RY-2 should be in series with the primary of the transmitter plate supply
trangformer, Thus, the statlion is in the receiving condition with switch S<1 in the
receive position and in the tranemitting condition with S-1 in the transmit position,
With 3-1 in the mid-position the Receiver B+ eircuit and transmitter plate supply
gircuit are both open thus permitting coll set changing in the Receiver and trans-
mitter, In the mid-position the Receiver B+ circuit is controlled by the B+ switch
on the front panel of the Heceiver, HOT®

The high-frequency oscillator, 0,W. oscillator S-Meter
emplifier and the pueh-pull amdio output amplifier ere
not affected by the external relsy connecticns to the
B,.5.%W, torminal block, Unless the A,C, On-Off switeh
is set at Off these circults will obtain an uninter-

rupted B~-plus supply.

TRANSMISSION LINE
TO ANTENNA
1
RY-1
r
POWER ™
SOURGE,,
#:
TRANSWI T S
MID POSITION (OFFTLU_L_LJ !‘
s_1 | "RECEIVE RY-2
: -
TRANSMITTFR
PLATE
REGEIVER TRANSMITTER ANT.
BSW
DB o &
1 ANT.

Pigure No, 3, Typicnl Antenna Switching System
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2-4, A.C, OPERATION

After unpacking the HRO-50 Receiver and assoclated equipment proceed as
follows:

(1) Make sure that all tubes are firmly seated in their scckets, tube
clamps are properly in place and all grid clips securely fastened,

(2) Make sure the plug-in coil set used in the Recelver is firmly in
poeition by pressing down the lever-type handles on the front panel to thelr maxi-
mun vertical poeition,

(3) Make sure that the front-panel mounted Control ewitch is set in the
proper position, Thie switch provides four operating positions, C.W,, Ak, , N.F.K,
or Fhono,

{4) Connect the antenna as recommended in Section 2-2.

{5) Connect the Loudspeaker cable to the Output terminal board at the
rear of the Receiver. This is accomplished by connecting the outer shield lead to
the common terminal and the other to the 8-ohm terminal, A 500-ohm terminel is
elso available on the Output terminal board in cases where a 500-ohm line is util-
1zed for Loudapeaker connectlon,

(6) Connect the Receiver A.C, line cord to the proper spurce of voltage.
The Primary switeh, S-10, must be set at the position corresponding to the line
voltage to be used i.e., 110/120 or 220/240 volte, 50/60 cps.

{7) Set the controls as recommended in Section 3 for reception of signalse,

NOTE

Where the Recelver is lecated in the R.F, field of
a relatively powerful transmitter, it is advisable
to provide some means of preventing damage to the
Receiver R, F, coll, If a separate recelving anten-
ne is used a means of disconnecting or grounding

it during transmissicn periode should be provided,

2-5, BATTERY OPERATION

The HRO-H0 is readily adeptable for emergency, portable operation or operation
in localities where a 115 or 230-volt A,C, power source is not available, It may
be opersted directly from batteries or a National Type 6505 Vibrator Power Supply
designed for operation from a 6-volt storage battery, The Type 6505 pover unlt
draws 9,0 amperes at b-volts when furnishing power to the Receiver if the Narrow-
Pand P.M, Adaptor, Crystal Calibrator and Select-O-Ject units are not used, If

these plug-in units are utilized typiesal operating conditions and powar consumptisn
data will be found in Section 6,

The Schematic Diagram Figure Number 13 illustrates pin connections of the Re-

celver Power socket, X-U, This provides the information necessary for wiring the
octal type battery plug which is used in place of the regular A.C., Jumper plug,
To conserve battery power the bettery plug must bte discomnected when the Recelver
ie not bvelng used, TFor stand-by operatlon in all cases it is recommended that a
switch be placed in the battery B-plus lead as the B-plus switch in the Receiver
does not open the B-plus circuit supplying the high-frequency oscillator, C.W,
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oscillator, S-Meter Amplifier or the push-pull audic output tubes, A suggested
refinement is to include a switch in the A-plus input lead so that the tube heaters
may be turned off when the Receiver is not in use without the necessity of removing
the battery plug from the Fower socket,

2-6, ACCESSORY SOCKETS

Three cctal $ype sockets are avallable for additionsl accessories as follows:

(1) A X,B.F,M, socket, X-1, is mounted on top of the chassis inside the
power supply compartment, A Naticnal Type NFM-%0 Narrow-Eand F,M, adaptor is de-
slgned to fit into this socket and is supplied with & mounting bracket and drive
screws to hold it firmly in place, The front-panel mounted Contrel switeh, S-7,
provides a means of swltching the NFM-E0 unit inte instant service, as reguired,

{2) A Crystal Calibrater socket, X-2, is top chassis mounted in the powsr
supply compartment, This socket is wired to accommodate a National plug-in Type XCU
Crystal Calibrator Unii{, A slotted head screw arrangement bolts the unit firmly in
place, The front panel Calibrate switch provides a means of applying B-plus to
the unit as well ae the selection of either a 100 or 1000 ke, marker signal,

(3) A Select-C-Ject socket, X-3, of the standard octal type is mounted
sc as to be accessible from the rear of the Recelver, This socket is designed pri-
marily for the use of a National Medel 50J-3 Select-O-Ject unit. The 30J-3 ig fit-
ted with an Interconnecting cable and plug for direct connection to the Selsct-O-
Ject socket.

Rererence tc the Schematic¢ Diagram will show the various connecticns made
to the socket if it is desired to use the voltages available for accesasories other
than the Select-O=tect, It will be noted that B+ (240 V,D.C. and 105 V,D.C. regula-
ted) and filament voltages are available. There is a definite limitatinn on ths
drain permissible at this socket, The total permissible drain (if the NFM-50, XCU
and S0J-3 are not used) is 1,5 emps. at 6.3 V.A.C., 2,5 milliamperes at 240 V.D.C.
end 5 milliamperes at 105 V.D.3. If the 105-volt supply is used it must be remem-
bered that it cannot be aswltched Off by the B+ On-Off switch or external switching
devices connected to the B,5.W, panel unless an additional relay 1s used,

X-3 d-1
x-4 SELEGT -Q-JEGT FPHONO
POWER SOGKEY SOT(ET IRP7 JAGK

B e B /

F-d E-2 E-l E-3
AG LINE FUSE BSwW ANTENNA  AUDIO GUTPUT
TERMINAL TERMINAL TERMINAL
PANEL FANEL FANEL

Mgurs No, 4, Rear View of Receiver
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SECTION 3, OPERATICKN

3-1, CONTROLS

The controls are located in a symmetrical manner and are arranged for ease of oper-
atlon,

\ All controls are identified by front-panel markinge for ease of identification,

The mein tuning HRO type micrometer disl is arranged so that the frequency to
whish the Receiver tunes increases as the dial reading increases, The slide-rule
dial peinter mechanism is synchronized with the main tuning dial using an anti-back-
lash gear plus an efficlent string-drive arrangement to provide an accurate rela-
tionship between the main tuning dial and the direct frequency calibrated scales on
the slide-rule Arum agsembly, Front-panel mounted is a Band selector awitch for
switching the proper scale in place for the coil set to be used,

The R.®. Gain contrel serves to sdjust the amplification of the second R.F,
first I. ¥, and second I P, amplifier stages, Maximum sensitivity is obtalned by
rotating the control knod to the extreme clockwise position {10) on its circular
scale, At the extreme clockwise position all tubes are operating at maximum gain
with minimum bias. As the control is rotated counter-clockwise, increasing bias is
applied to the cathodes of the second R,F,, first I.P. and second I.F, tubes, thus
reducing thelr amplification,

The A.C. On-Off swlitch is associated with the A F, Gain control and A,C. power
1g turned on as the A.F, Gain control is advanced from A ,C, Off to zero on its
scale,

The B+ On=0ff switch i1s connected in the positive lead of the power supply cir-
cult and its purpose is to disconnect the B-plus during periode of transmission or
I WHEN CHANGIWG COIL SETS, This lmst functlon ie important, The Bt circults are com-
plated when the switch 1s set at On, However, the B-plus circulits of the high-fre-
quency oscillator, S-Meter amplifier, C.W, oseillator and push-pull audio cutput
tubes remain On at all times regardless of the position of the B+ On-Off switch pro-
viding the A,C, On-Off switch is set at On.

I Connected in parallel with the B+ switch and mounted at the rear of the chassis
is a palr of contects marked B,5,¥, intended for use with relay control of the Re-
ceiver, The B,S . W. panel is covered by a metal shield to prevent accidental contact
with the terminals by the operator, Two slots are provided in this shield to bring
out wires to connect to an external ewitch or relay. Care should be taken that
theee wires for external connection do not short to the B.S.W. shield,

The Phasing control and Selectivity switch are part of the crystal filter,

When the Selectivity switch is set at Off the crystal is switched out of the cir-
oult, With the crystal ewitched out the Phasing econtrol has no influence on Re-
ceiver performance. With the Selectivity ewitch set at any point between 1 and 5,
inelusive, the cryatal filter 1s in nperation, selectivity increasing as the switch

is progreasively advanced in position 5. The Phasing control is then used to bal-
i ance the crystal bridge cirenit and eliminate interfering sisnals or heterodynes,
It is recommended that the Tons control be rotated counter-clockwise until the
switch 48 turned Off, This will provide optimum reception of the high audio fregquen
cles whez using the cryastdl filter for A.M, reception, The resultant beost of the
higher frequencies tends to compensate for the slde-band cutting actlon of the cry-
stal filter,

The C. W, nscillator is turned on by setting the front-panel mounted Control
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switeh at the C_W, position, The C.W.0. control provides a vernier tuning adjust-
ment for the C,W. oscillator transformer. This oscillator is used to produce an
andible beat note when receiving C.W, signals or to locate the carrier of a wesk
phone station, With the Control switch set at the C.W, position B-plus is applied I
to the C,W, oseillator tube providing & constant B-plus supply regardless of the B+
On=-0ff switch setting or the B,S,W, external control devices, Normally the C.W.O,
control is set at zero, however by rotating it either to the right or left of szero
the operator can seleect an sudioc tone suitadle to the ear, or he may sat the control
for best receptlon, The C,W, code characters are made audible through the hetero-
dyning action of the C,W, oscillator with that of the incoming signal, Care should
be teken to retard the R,F, Galn control to a point where the receiver does not
overload,

The Limiter control serves to switeh on the limiter and, following this, to ad-
Just the threshold at which limiting action starts, With the Limiter control turned
on (at position O on the dial scale) limiting action automatically takes place at &
relatively high percentage modulation, Rotating the control clockwise progressive-
ly lowers the threshold, or percentage modulation, at which limiting action starte
until maximum clipsing is achieved at 10, This limiter is double-action in that
limiting is accomplished by clipping of both positive and negative peaks, Limiting
action is equally effective for both phone or C.W, reception,

The Tone control is used to vary the audio frequency characteristic of the
audio system, In the extreme counter-clockwise position the greatest degree of high
audlio frequency response is obtained, Rotating the contrel clockwlse until the
switch mounted on the control jJust closes provides a comparatively flat response
over the entire usable awlis frequency range, ZRotating the control further in a
i clockwise position will attenuate the high audio frequencies as shown in Figure Num-
ver 2, If a slgnal is weak and partlally obscured by background nolse or static an
inprovement in signal-to-noise ratio is possible by the attenuation of the higher
asudio freguencies, Lxcessive attenuation of these frequencles, however, may resulét
in an impairment of A.M. speech intelligzibility. When receiving C.W, signals it
will be possidle to advance the Tone control considerably further than is possible
in A M, reception since audie distertion is relatively unimportant,

The A,V,C, switeh is a two-position toggle marked A,V,C.-0ff, The automatlc
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volume control circuits are operative with the toggle switch in the A.Y.(. or upper
posltlon,

The A, F, Gain control adjusts the volume level of the signal at both the FPhones
jack and Loudspeaker terminals, Clockwise rotation of this control incresses the
signal epplied to the grid of the first audio amplifier tube, The A,F. Jain control
18 operative when an sudio signal is applled to the Phono input Jack with the Con—
trol switch set at the Phono position,

A Bandspreai switeh is meuntad on tha A, B, C and D coil sets. Inepection of
the coll set cerumic terminal panels will show a silver-plated spring metal atrip
with a slotted center acrew, Four silver-plated contacts are provided on the ter-
minal panels; twoe for emch type of reception i.e,, General Coverage or Bandspread,
The metal strip may be turned either to the right or left thereby selecting the iype
of receptlon required, A spring tension detent arrangement provides for proper |
placement and a firm trouble-free electrical contact in each position, It is only
necessary to ewitch thie from the left to the right hand side t6 change from Gensral
Coverage to Bandspread, The lower callibrated scale on the sllde rule dial is used
when operating in the Bandspread position., A typlcal coll set showing adjustment
locatisona is 11lustrated in Figure Number 7 contained in Seetion U,

The Ant. Trim, control operates a tuning capacitor which is connected acrose
the firat R, F, amplifier section of the main tuning capacitor, This trimmer control
iz used to tune the first R,F, amplifier stago properly under a wlde variety of an-
tenna loading conditions over the entlre frequency range of the receiver,

The Dimmer control is a vari{able resistor actuated by a front-pane]l mounted
dial, It le connected in series with one of the filament supply wires to the S-
Meter and slide-rule dial pilot lamps and furnishes a means of varying the degree
of illumination as desired by the operator,

The front-panel mounted Csc, trimmer c¢ontrol drives a variable air capacitor
connected in parallel with the osclllator maln tuning capacltor, Assuming that the
Receiver is properly aligned this compensating trimmer may de used for minor cali-
bration adjustments, Calibration can be checked by the use of accurate cryetal-con-
trolled test oscillators or by using the National Model XCU Crystal Calibrator, Use
of the Qae, trimmer should not be sttempted until the Kecelver has had a warm-up
pericd of at least flve minutes.

A four position Control ewitch 1s mounted on the front panel of the Recelver,
In the C.¥W, nositien the C.W, osclllator is placed in operation. The A M, position
provides normal reception of phone or broadicast eignals, In the N.F,M, poeitlon the
reception of narrow-band F M, signals is possible provided a National Type NFM=FK0
adaptor 1s plugged into the W.B5,P.M. socket, With the Control switch in this posi-
tion the adaptor 1e connected between the cutput of the intermediate amplifier and
the input of the auvdio system, When the Control switch is set in the Phono position
the Phono jack is connected to the input of the audio amplifier, In the Phoneo
position A1) af the Receiver circuite axcept the audin ayatem are randered inopera-
tive, The A,F, Gain and Tone.controls remailn operative, If it is so desired the
record player may rerain connected to the Heceiver and normal receiving operation
resumed by setting the Control awitch to any of the other positions,

3.2, PHONE RECEPTION

After the HRO-EO ia properly installed as outlined in Section 2, it 1us placed
in operation by the following adjustments:
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Set the Control switch at A.M,

Set the A,V.C, switch at A V.C,
Set the Selectivity switch at Off,
Set the Phasing contrel at zero.

. Set the Limiter contrel at Off,

. Set the R,F, Galn control at 10,

7. Check the position of the Osc, trimmer control pointer, It is aligned
at the factory so that propsr calidbration is obtained with the peinter in a vertlcal
position with the arrow head pointed to the "S" in the Osc, panel engraving,

8, Turn the 4,0, -On-Cff switeh mounted on the A P, Gain control to On
i.s_, zerp on the dial eenla, .

g, Set the Receiver B+ switch at On,

10, Adjust the Band control to select the scale corresponding to the plug-
in coil set in use,

11, Turn the A,F, Galn control to the position giving the desired audio

.« »

W FaN o

volume,

12, Adjust the Ant, Trim. control for a maximum S-Meter reading after the
deslred station has been selected, Alternately in the abeence of & signal the Ant, I
Trim, control may be set for maximin receiver background noiss,

13, Turn the Tone control to a position giving the deslired audio output
responce for the signal tuned in,

The Receiver 1s now adjusted for the reception of phone signals and will tune
to the frequency corresponding to the plug-in coll set in use and the setting of the
main tuning dial, If a dual-coverage plug-in coil set iz used the position of the
Bandspread switch, as prevliously described in paragraph 1 of this section, will de-
termine the frequency coverage 1,e,, General Coverage or Bandspresad,

The settings given abpve are of necessity for the reception of signals of aver-
age strength, Exceptionally strong or wesk signals may require modification of the
above settings, Very stirong signals may cause overload or distortiom in the Heceivw
er with the R, ¥, Gain control at 10, In this case retarding this control slightly
until the overload or distortion diseppears is recommended, However, the operator
must remenber thet automatic volume control actien will be restricted unless the
R.F. Oain control is fully edvanced. Auilo ocutput shouléd be adjusted entirely by
means of the A F_ Gain control,

*The A V.0, - Off switch may be set at the Off position to provide increased
gsensitlvity 1n some cases, With such a setting the operator must be careful not to
advance the R F, Gain control to a point where I,F, or audio amplifier overload oc-
curs, Such overload is indicated by distortion,

Various types of interference which may be encountered due to adverse receiving
conditioens can be minimized by utilization of the following controls in the manner
described,

Noise Limiter —- When a signal is accompanied by static pesks or noise pulses
of high intensity and short duration, tha best signal-to-nolse ratio will be obtain-
ed by turning Oh the Limiter control, In general, it will be found that turning the
Limiter control On t¢ O on the dial scale will effectively minimize interference
lcaused by external noise pulses., In cases where the nolse pulses are extremely pro-
nounced a higher degree of nolse suppressisn will be realized by advancing the
Limiter control to a higher dial setting.

Tone control —- An improvement in signal-to-noise ratiec can be reaslized by set-
ting thc Tone contrel to attenuate the high audio frequencies, When recelving weak
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slgnals which are partially obeacured by background noise or statis an improvement
in receptlon will Ve noticed by rotating the Tome control in a clockwlise manner,
However, tos much attenuation of the high audlo frequencies may impair the intelli-
gibility of speech,

Selectivity and Phasing -- The selectivity of the Receiver is edJjusted by
means of the crystal fllter Selectivity switch, The normasl setting of the Selec-
tivity ewitch in phone or broadcast reception is at one of the positions affording
broad selectivity, Foeitlons marked Off, 1 or 2 are recommuended, Selectlivity may
be progressively increased by turning the Selectivity switch te pesitian 3, L ar 5,
Increasing selectivity will result in the attenuation of the higher audio frequency
tones of the signal as well as sharper tuning, If the selectivity is increased too
much these higher frequency audio tones will be attenuated to such an extent that
phono or broadcast reception may become unintelligidle due to excessive side-band
cutting, The Phasing control is part of the erystal filter and is used tc elimin-
ate or attenuate interfering heterodynes, The Phasing control is inoperative with
the Selectivity switch set in the Off positisn but is operative in all other set-
tings, The normal setting of the Phasing control with the crystal filter On i,e,,
the Selectivity switch set at 1, 2, 3, U or § in phone reception 1as at zero on its
scale, If after a desired signal hes been tuned in an interfering signal causes a
heterodyne or whistle the Phasing control should be adjusted watil this interfer-
ence 18 reduced to minimum, The setting of the FPhasing control shonld be that
which provides a maximum attenuation of the objectionable hetercdyne. If the
heterodyne is below 1,000 ayslaes the sptimum Phasing control setting will be near
elther one or the other end of the dial acale, depending upon whether the interfer-
ing eignal has a higher or lower frequency than the desired signal,

3=3, C.¥, REGEPTION

The initial adJjustment of the Receiver controls for O.W, reception is the same
as given in Section 3-2 except for the following:

1, BSet the Control switech at C,W,

2, Set the A.V,C, ewitch at Off, It is important that the A.V.C. switch
is turned Off for C,W, operation since the Receiver will block and become extremely
insensitive if thie 48 not done,

Yor the reception of C,W, signale the oction of tho crystal filter is
sizilar to that for phone reception except that full use of the sharp selectivity
rosltion may be used without the loss of intelligibility experienced in phone re-
ception, When maximum selectivity is used, (Selectivity switch at position 5) cere
must be exercised since tuning ie very critical, When the Receiver is slowly tuned
| across the carrier of the received signal the beat-note produced will be very sharp-
1y peeked in output at a particular audio pitch. This reak in respomse indicates
the correect Receiver dial setting., The getting of the C, W, 0, control must be such
that the beat-note pesk is well within the audible range s¢ that the recelver peak
response may be readily observed, A C, W, 0, dial setting near zero is recomrended,
After the Receiver has been correctly tuned, the pitch of the beat-nate mealk may he
ad Justed by means of the C.W.0, control te provide an audio tone which is pleasing
to copy or coincides with any response peaks in the speaker or headphones, Under
these conditions, the Receiver will exhibit pronounced single-signal properties
which may bo demonsirated Yy tuning the Receiver to the other side of "zaro~haat "
80 that the pitch is the same as before and observe the marked reduction in output,
This dial setting i8 not recommended for use other than to demonstrete the single~
signal properties af the Receiver, With the Receiver tuned to "cryotal peak", an
interfering signal may be attenuated by proper setting of the Phasing control since
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thia eontrol has little effect on the desired slgnal,

Similar to phone reception the Limlter control can be uwsed to great advant
tage in C.,W, reception for the reduction of interference due to extercal noise pul-
ses, JFor C,W, reception, however, the Limiter control may be set at a well advanced
position on the dlal scale as excessive clipping of the modulation peaks will not be
experienced as might be the caee in phone reception, Also the Tone control may be
asivanced considerably further for C.W. reception since mudio distortion is relative-
ly unimportant,

1.4, ¥.B,F.M., CPERATION

The HRO=50 Receiver is adaptable for Narrow-Band F.M, reception by utilizing a
Fational Type WFM-50 Farrow-Band F.M, adaptor, Operating instructions as given in
paragraph 3-2 of this Section are applicable for the reception of narrowv-hand F M,
slgnale except that the Control swltch must be set at N,F.K, It is recommended that
when the operator is scanning a band for signals that the Control switch is set at
A M, An F M, signal 1s indlcated by the presence of an audio null in the center of
the signal carrier, When an P M, signal is encountered the Control switch should
then be set at N.F.M, and with the A, V.C, awitch set at A,V,C, the slgnal tuned for
f maximum S-deter resding,

3-5. MBASURKMENT COF SIGNAL STRENGTH

To measure the strength or intensity of a signal the R.¥, Galn control must be
advanced to 10, the Control switeh set at A M, and the AV, C.-0ff awitch at A.V.C,
The crystal filter should be turned Off by meane of the Selectivlity ewlitch and the
Phasing contrel set at zero, The Ant, Trim, control should be ad justed for a maxi-
wun S-Meter Roading after a signel hae been tuned in, The Limiter, Tone end A.F.
Gain controls do not affect the S-Meter reading,

I Tuning the Receiver to a signal will cause the S-Meter to read, indicating the
signal input in S-units from 1 to 9 and in decibels above the S=9 level from zero to
4o db, With no R.F, input to the Receiver, or with the antenna disconnected, the
S-Meter should read zero plus or minus one-half an S-unit, If it does not the 5-
Meter circuit compensator roguiren adjustment, See Scction -7 for adjustment pro-
cedure,

Design of the S-Meter actumting circuit is such that a signal stronger than L0
db, above 8-9 cennot cause the meter pointer to come in violent contact with the
full-scale meter stop pin thus preventing the possible bending of the meter pointer,

For the purpose of comparing strong signals, which cause the meter pointer to
read full scale, with other stronger and/or weaker signals the eensitivity of the S-
Meter may be lowered by retarding the R.F, Gain control,

Measurements of the signal strength of C.W, signals cannot be made with the C W,
¢ecillator in operation,

Witk the Receiver A,C,-On-0ffr swltch set at Off the meter pointer will return
to its mechanlecal zerc located on the right hand or 40 db. end of the meter,
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L.1, GENZRAL

All circuits in the HRO-£C Feceiver are carefully aligned before shipment
ueing preecision test equipment insuring mccurate conformability to the alignment
frequency. Wo realignment of the various adjustments will be required unless the
Receiver L8 tampered with or component parts or tube replacoments have been neces-
sary,

A definlte need for realignment can be determined by checking the performance
of the Receiver against its normal opsraticn as outlined in Section 3. A simple
check to asswre the need of realignment of the I.F, Amplifier is provided in para-
graph 4-2, of this sectiesn, In no case should realignment be attempted unleses
tests indicate that such realignment is necessery, Even then it must be remembered
that the HRO-50 is a communicaticns Receiver and should not be serviced or realign-
ed by any individual who does not have a complete understanding of the functioning
of the equipment and who haa net had previous experience adjusting receivers of
this type,

Complete alignment of the Receiver can be divided into three steps as follows:

(a) Intermediate Frequency Amplifier aligoment including crystal filter
ad justments,

(b) General Coverage Aligmment

{c) Bandspread Alignment

All circults must be tuned in the above order when complete alignment is re-
quired, A1l alignment edjustments and controls are shown on Figure Kumvers 6, 7
and 10,

L.2, I,F, AMPLIFIER CHECK

The making of any adjustment indiscriminately is cautioned against and no cir-
cuit should be realigned unlese tests definitely indicate that realignment is neces-

Tary,

The alignment of the intermediate frequency amplifier may be easily checked in
the following manner:

[

Ad just the Receiver for normal coperation with the antenna disconnect-
ed,

Connect a pair of headphonee to the Phones jack,

Set the A.V,C., switeh at Off,

5et the Control switch at C,W,

Set the Phasing contral at zere,

3et the Selectivity switch at 5,

. Set the R.F, Gain contrel at 10,

)

-*

b O‘W.-F'\JHN

The setting of the A.F. Galn control does not affect the measurement and may

[l ve adjusted to provide sufficient headphone output to make the required observa-
tions, Adjust the C,W,0, control until a peint is found where the predominant
riteh of the hackground noise is lowest and a dictinct cryetal ring'is hoard, Note
this setting of the C.W,C, control, Disconnect the crystal filter from the circuit
by turning the Selectivity switch to the Off position. Once more adjust the C.W.O.
control for the lowest predominant pitch of background noise and note the setting.
1f the 1.F, amplifier is correctly aligned to the crystal filter frequency the
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setting of the C,W.0, control will be the same for both tests outlined above, If
the two settings dlffer perform the complete I F, Amplifier alignment procedures in
following paragraph 4=3,

L3, I,F. AMPLIFIER ALIGNMENT
The intermediate frequency of the HRO-50 ie 455 kilocycles plus or minus 2

kilocycles, The exact frequency is determined by the quartz crystal resonator, Y-1,
used in the crystal filter,

The I,F, transformers, erystal fllter and C.W. gscillator trensformer ere fit-
ted with individual air-type variable trimmer cepacitors for alignment purpeses,

These adjustments are located cn Figure Numbers 6 and 10,
The preliminary slignment procedure is as follows:

{1) Cornuect the high output lead of an accurately calibrated signal gene-
rator to Lhe stator portion of the mixer section of the maln tuning capacltor, C-5C,
and the grounded lead to any convenient point on the chassis, This is a direct con-
recticn,

(2) Connect an output meter having an 8 or 500 ohm resistive load to the
matching sutput terminals on the Receiver. As an alternative a high-impedance A.C,
voltmeter may be cornected to the phones jack,

(3) Set the Control switch at C.W,

{4) Set the A.V,C. switch at Off,

(3) Set the Phasing control at zero.

(6) Set the Selectivity switch at 5,

(7) Set the A.F, Cain control at 10,

(8) Set the-R,P. Gain contrel &t §.

(9) Turn the modulation of the signal generator off to provide a steady
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S.W, test signal tuned to approximately U455 kilocycles,

Ad just the output attenuator of the signal generator to provide a signal of
approximatoly 100 miecrovelts, The C W, 0, control must be sct to provide an audis
beat-note at some fregquency between 40O and 1000 cycles per second, The presence
of this beat note can readily be determined by temporarily connecting headphones or
a Loudspeaker to the Recelver, If difficulty 1s encountered in obtalning such a
beat-note an ad justment of the C,W.0, transformer trimmer capmcitor, C-61, must be
made,

Vary the tuning control of the signal generator wvery slowly betwocn the fre-
quencies of U453 and UST kllocycles, At one frequency between these limite the I.F,
amplifier of the recelver will show a very definite sharply peaked response, as in-
dicated on°the output meter, This frequency ie that of the crystal filter crystal,
Y=1,and I, F, alignment, as outlined below, is made at this freguency,

While making I, P, amplifier adjustments 1t will be necessary to ratard the at-
tenuator of the signal generator if I.F, amplifier gain increases to a polat where
overload occurs, Without altering the frequency setting of the signal generator
set the Selectivity ewitch at 'Off, the Control switch at A M, and turn the modula-
tion of the signal generator On. The I.F. trimmer capacitors C-33, C-35, C-U5,
C-46, C-50 and C=Fl should at this point each be carefully adjusted to give a maxi-
mun reading on the output meter, The order in which these adjustments are perform=-
ed 1s not lmportant,

Upon completion of the above adjustments set the Selectivity switch at 1, Set
the frequency of the signal generator 2 kilocycles higher and ad just the crystal
filter trimmer capacitor, C=33, for a maximum output meter indication., After mak-
ing this ad justment set the Selectivity control at Off and return the slgnal gener-
ator to the exact crystal frequency (2 kilocycles lower), Tune the Selectivity
compensating trimmer capaeitor, C-35, for a maximum reading on the output meter,

The Phasing control as set at the factory should need no further attentioen,
Yhen correctly set a predominant decrease in background level will be found with
the Selectivity ewitch at poeltion 5 and the Phasing eontrol set at zero, Thia
same null point should be found by rotating the Phasing e¢ontrel exactly 180 degrees,
If not, a slight adjustment of the phase balancing capacitor, C-36, will provide
the proper setting,

Turn the modulation of the signal generator Off and set the Control switeh at
C.¥, Rotate the C,W.0. control to its full clockwise position, If in thls posi-
tion the dial control does not coincide with S on its scale loosen the dial knob
and reset it at 5, Set the C.W, 0, control to zero beat with the eignal generator
signal, If zero beat does not occur at 0 on the control dial carefully readjust
the air trimmer capacitor, C-61, of the C.W. oscillator transformer, T-8,

Y-y, GENURAL COVIRAGE ALIGNMENT

The data given in this section applles to the General Coverage mlignment of
the H F, oscillator and R, ¥, amplifier stages of all coll sets, The original
alignment at the Natlonal Laboratorles 1s accomplished by the use of precision,
eryvstal-controlled test naclllaters. No realignment should be attempted unless a
reliable test signal source is available, In the case of General Coverage H.F, 08=
cillator alignment, a test signel source with an aceuracy of 1% or better 1s re-
quired, For Bandspread alignment the calibratien accuracy demands that the test
signal source have the accuracy or precielon-calibrated crystals, The entlre range
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; BANDSWITCH SHOWN
“ - IN GENERAL
COVERAGE POSITION

| 2 3 4 5 6 T 8

NOTE: INDUCTANGE ADJUSTMENTS AT POSITION NC. 16 ARE AS FOLLOWS!

. A,B&C GCOIL SETS..-LOOP OF WIRE INSIDE COIL  FORM--- BENDING THE
LOOP ONE WAY OR THE OTHER ADDS OR SUBTRACTS TO THE INDUCTANCE,

2. D COIL $ET---ADJUSTABLE DISC INSIDE COIL FORM--.MOVING THE DISC
TOWARD THE GENTEHR OF THE GOIL DEGREASES INDUGTANGE ,

3 E,F,G,HGJ COIL SETS--- A SHORT-GIRGUITED TURN OF WIRE AROUND THE
OUTSIDE OF THE COIL---MOVING THIS TURN UP OR DOWN VARIES  THE
INDUGTANGE .

INDUCTANCE ADJUBTMENT AT POSITION NOS. 9,11 8 13 OF ColL SETS AL B,

G,D, AA,AB 8 AC IS A LOOP OF WIRE INSIDE COIL FORM--- BENDING  THE

LOQP ONE wAY OR THE OTHER VARIES THE INOQUGTANGE,

FMgure Yo, 7. Typical Coil Set Showing Alignment Adjustment Locatlons

of test frequencies required may be obtained by the use of nine crystals operating
at their fundamental and harmoniec frequencies. The frequency of these crystals is
as follows: 0,05, 0.1, 1,0, 2,0, 3,5, 5.0, 6.8, 7,0, 7.3, 14}k and 15 megacycles,

The need for realignment of the H F, oscillator of any band is indicated when
the frequency callbration of the Receiver diel is in error by more than 1% at the
high frequency end of the band in question, If it ies determined that realignment is
necessary proceed as follows:

(1) Connect an output meter to the Receiver as descrided in paragraph

=3 of this Section and disconnect the antenna,
Set the Contrel switch at A M,

(3) Set the A,V,C, switch at Off,

(4) Set the Selectivity switch at Off,

(5) Set the R,F, Gain control at 10,

(6) Set the Bandspread switch in the Generml Coverage positilon,

7) Set the A,F, Cain control to provide 2 sultable output level,

{2) Check the positien of the Ant, Trim,6 and Ose, trimmer controls.
Alignment shnuld he made with bath of the pointers an these controls in a verticsl
position with the arrow-head pointed towards the top of the Receilver,
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The following Alignment Chart gives the step-by-step procedure to follow in ef-
fecting the General Coverage alignment of each coil set., It is important that the
chart of adjustments is adhered to in the order ghown. It will be noted that Gener-
8l Coverage allgnment affecte Bandspread alignment, but that ad justment of Band-
spread alignment does not affect Ganeral Coverage,

Particular care muet be token when adjusting the high-frequency osclllator
trimmer, C-26, in each coil set, It is imperative that the high-frequency oscilla-
tor 1s set to operate at a frequency above the R F, amplifier frequency and not be-
low. This can be checked by tuning in the image of the tesi siznal which must ap-
pear 91C kllocycles lower on the Heceiver dial, If it is found that the image does
not appear at this diml settimg the H,F. oseclillator is incorrectly adjusted and the
capacity of the trimmer capacitor, C-26, must be decreased until the image and fun-
damental signals appear at the proper polnte on the dial, After the high-frequency
oseclillator is correctly calibrated the X F, amplifier trimmers, C-2 and C-15, and
the mixer trimmer, C-21, should be ad justed for maximum recelver gain as measured
by the output meter, Coil sets A and D do not use a first R, ¥, amplifier trimmer
tut are peask~-tunsd by the use of the Ant, Trim, control over the full frequency
range of each coll set, It may be desirable to align the R ¥, Amplifier trimmers,
C-2 and C-15, and the mixer trilmmer, C-21, using Receiver background ncise as an
indication of maximum gain, rather than the signal source, If thie alternate method
of alignment is used¢ the point of maximum gain is that setting of the trimmers which
provides the loudest Recelver background noise, However, it is possible to align
the R, ', nmplifier and mixer ctages to the image frequency uslng background noise

as an indicator, A check of this posaibllity is to tune in the image signal — 1if
l the image is weaker than the fundamental signal the R.F, ampllifier and mixer stages
are correctly aligned,

Correction of tracking errors of the R, F, amplifier and mlxer stages at the
I low frequency limit of each coll set is accomplished by the adjuatments listed on
the Alignment Chart, The actusl tracking of these otages may be checked by prescing
the cutside rotor plates of the maln tuning capacitor section toward or away from
the etator in a manner assuring that the rotor plates will spring back to their
original position, Any change 1ln capaclty should decreaee the Heceiver gain if the
stage ie tracking properly,

The locations of the adjustments referred to on the General Coverage Chart are
shown on Pigure Number 7, Each variable onm the chart 1s followed by a number in
parenthesis to ldentify its position on the respective coil set, Schematlc diagrams
of each of the plug-in coil sets are furnished on Figure Numbere 1l and 12,

GENERAL COVERAGE CHART

Coil Ad just Signal Source Adjust to Receilve Adjust for
Step | Set and Receliver To: Test Signal Maximum Cutput
1 A 30,0 Mc. Trimmer capacitor C-26 | Trimmer capacitors
(Pos, 2), c-21 (Pos, 6),

C-1% (Fosa, U4,

2 A 14,4 Me, Inductance &t FPos, No, | lnductance at Pos,
16, Nos, 13, 11, 9,
3 A 3.0 He, Check step 1. Re-

peat steps 1 and 2
if necessery,
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Ad Just tc Heceive
Test Signal

Mjust for
Maximun Output

Coil | Adjust Signal Source
Step| Set and Receiver To:

“ 1 B 14,4 Me,
i B 1.0 Me,
I 3 B 1k, 4 Me,
F 1 c To3 HMc,
2 c 3.5 Me,
3 ¢ 7.3 Me,
1 D L,0 ke,
2 D 1,8 Me,
3 D 4,0 Me,
h E 2,0 Mc,
2 E 1.0 Mc,
3 B 1.b Mc,
L E 2,0 Me,
1 F 0.9 Mc,

- S—— —

Trimner capacitor C-2b
(Fos, 8),

Inductance at Pos, Mo,

16,

Trizmer capacltor C-26
(Pos, %),

Inductance at Foe, Mo,
16,

Trimmer capacitor C-26
(Pos, 8).

Inductance at Foa, No,
16,

Trimmer capacitor C-26
(Poe, 2,

Padder capacitor C-10C
(Pos, T).

Inductance at Fos., No,

16.

Trimmer capacitor C-26b
(Pos. 8).

2).

Trimrer capacitors

-21 (Pos, 6),
G-1% (Pos. 4}, C-2
(Pos, 2),

Inductance at Pos,
Nos, 13, 11, 9,

Checx step 1, Re-
peat steps 1 and 2
if necessary,

Trimmer capacitors.
¢-21 (Pos. H), :
C-lF (Pos. 4), C-2
(POE. 2)0 ‘

Inductance at Pos,
Tos, 13, 11, 9, :

I
Check step 1, Re-,
peat steps 1 and 2!
if necessary.

Trimmor capocitors
C-21 (¥os, 0},
¢-1%5 {Fos, ), <=2
(Pos. 2).
Inductence at Fos,
Nes. 13, 11, 9.

Check atep 1, Re=-
peat steps 1 and 2
if necessary,

Trirmer capacitors
c-21 (Pos, €), C-15
(Pos, W),

Chack step 1., BHe-
reat steps 1,2 and
3 if necessary,

Trimner capaclitors
C-21 (Foe, £), C-15
(Pos. kW), C-2 (Fos,
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GENERAL COVERAGE CHART (CONT'D)

Coll | Adjust Signal Source Adjust to Receive
Step | Set and Recelver To: Test Sisnal
l2 F 0.5 Me, FPadder capacitor C-100
(Poe. 7).
3 ® C.7 Me. Inductance at Pos, No 16,
L F 0.9 Me.
1 G 400 Ke, Trimmer capacitor C=26
{(Pos, &),
2 G 200 Ke, Padder capacitor C-100
V(Poa. .
3 G 300 Ke, Induetance at Pos, No, 15,
u 6 4o0 Ke,
1 H 200 Ke. Trimmer capacitor C-26
(Pos, 8),
2 H 100 Xe, Padder eapacitor C-100
(Pos. 7).
3 H 150 Ke, Inductance at Poc, Mo, 16,
4 H 200 Ke,
1 J 100 Ke, Trimmer capacitor C=26
(Pos. 8).
2 J 50 Kc. Padder capacitor C-100
(Pos. 7).
3 J 15 Ke, Inductance at Pos, No, 16,
') J 10C Ke,
1 AA 30 e, Trimmer capaciter C-26
(Pos. 7).

Ad just for
Maximum Output

Check step 1, Re-
peat steps 1. 2 and
3 if necessary,

Trimmer capaciters
¢-21 ¢Pos. 6}, C-15
(Pos, L),

Check step 1, Re-
peat cteps 1, 2 and

3 Af necensary,

Trimner capacitors
¢-21 {Pos, 0),
€-15 {Poa, U}, C=2
(Pos, 2),

Check step 1, Fe-
reet etsps 1, 2 and|
3 if necessary,

Trimmer capacitors
C-21 (Pos. &),
€-15 {(Poa, W), -2
(Pos, 2).

Checl svep 1, Re-
reat steps 1, ?

and 3 if necessary,

Trimmer cauvacltorse
C-21 (Pos. 5),
c-15 {(Po3. 3),

C=2 (Pos, 1),
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Coil

Step | Set

Ad Just Slgnal Scurce
and Receiver To:

Ad just to Receive
Test Signal

Adjust for
Maxitus Out;ut

27,2 Mec.

28 Mc,

30 Me.

35 Me,

25 Me,

30 Mc,

3" Me,

21,5 Mc.

21 Me,

2l, 3 Me,

21,5 Me,

Padder capacitor C-25
(Pos, 8).

Inductence at Pos, Ha, 16,

Trimmer capasitar ©-26
(Pos. 8).

Fadder capacitecr C=100
(Poa. T).

Inductance at FPoa, Ve,

Trimmer capacitor C-2h

(Pos. 7).

Padder capacitor C=25
(Fos, a8},

Inductance at Pos, No. 16,

1h,

©John F. Rider

Padder capacitors |
6-20 (kes, 6), }i
014 (Fos, iy, H
5«1 (Pos, 7). |

1

Inductance at Fos,
hee, 13, 11, 9.

Check step 1. Pe=-
peat steps 1, 2
&nd 3 if necessary,

Trimmer capacitore
6-21 (Poe, b),
615 (Fom, L},

-2 (Fos. 2).

Padder capacltors
£-99 (Pos, 5),
C-13% (Pos, 3),
¢-37 (Pos, 1),

Inductance at Pas,

Nos. 13, 11, 9.

Check step 1. RHe-
peat steps 1, 2 and
3 if neccssary,
Check step 1,

Trimmer capacitors
C=21 (Pos, 9),
c-15 (Pos, 3).

c-2 (ros. 1),

Padder capacitors
c-20 (Pos, €),
C-14 (Pos, %),
C-1 (Pos, 2),

Inductance at Fos,
Nos, 13, 11, 9,

Check step 1, Re-

peat steps 1, 2
and 3 if neressary.
Checlt step 1.
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l L4-5, DBANDSPREAD ALIGNMENT

The data given in tais section applies to the Bandspread Alignment of the high-
frequency oscillater., R.F. amplifier and mixer stages of coll sets A, B, ¢ and D,
It is important that no Bandspread adjustments are made until after completion of
feneral Coverage alignment as Gemeral Coverage adjustments affect Bandspread align-
zent,

The need for realignment of the H,F, oscillator of any band is indientei when
the fregquency calibration of the main tuning dial is in er-or by more than a® divi-
slons, To effect Alignment the Rereiver nrontrsls are ed Justed the mame as outlined
in Section U-% except that tie Bandspread switch on each of the plug-in coils nmust
be in the right-hand or Bandspread position,

The procedure in efrecting Bandspread aliznment is accomplished by adhering to
the instructions given in the Bandspread Alignment Chart, The procedure is similar
to thet for Gereral Coverage except for the method followed in chenking traciking
errors of the R.¥. amplifier and nixer stages at the low-frequeney 1limit of each
coll set, To secure an indication of proper tracking check tie setting of the Buad--
spread trimmer capacitors C-3, C-16 and C-22 for the position of maximum Recelver
gein. Any change in capacity should decrease the Recelver gain indlcating proper
tracking. The use of the trimmer capacitors £-3, C-16 and C-22 for a tracking
check may destroy their proper sesttings therefore they must bte zarefully reckecked
at the high-frequency 1imit of the coil set. The location 6% the adjustments re-
fervrad to in this section are ehown on Figure Nunber 7, ZLach varlable on the cheart
is followed by a number in parenthesle to identify its position on the respective
coll set, Schematic dlagrams of each of the four combination Bandspread and General
Coverage coll seta A, B, C anc D are furnished on Figure llumber 11.

4-6, FIRST R.F, STAGE ALIGNMENT WITH LOW IMPEDANCE TRANSMISSION LINE

17 a low lmpedance transmiesion line is to be used with the Heceiver, it may be
necessary to realign the first R.P. amplifier at the high-frequency end of each
band, The tracking of the first R.F, amplifier stage on each of the coil ranges maey
be checked by rotating the Ant, Trim. contrel. If twe definite peaks in output are
observed while rotating the Ant, Trim eontrol, the fipst R.7. amplifier stage is
tracking correctly nnd the setting at elther peak is correct., The lack of a peak
in output or the nresence of only one veak indicates the stage is not tracking pro-
perly and correction should be made, The General Coverage adjustments affect the
Bandspread ad justments end must therefore be performed first, The following proce-
dures should be adhered to:

(a) GENZRAL COVERAGE

(1) Set the Bandspread switeh on eack coil to the left-hand side or Gene~
ral Coverage positlon, &djust tne Heceiver for normal operation as follows: Control
ewitch at A M,, Selectivity switch at 0ff, Ant, Trim control pointer set in a ver-
‘tizal position with the arrow head towards the top of the Recelver, A, ¥ Gain con-
trol set at 10 and the R, F, Gain control set to provide a suitabdle signal level,

(2) Connect the antenna feedert to the Receiver antenns terminals and
tune the Receiver to the signal shown in step 1 on the General Coveroge allignment
Chart for the coll set to be aligned, Ad just the trimmer capacitor, -2, for maxi-
mum signal output, Coll sets A and D do not use & first R.F. amplifier General
Coverage trimmer but are peak-tuned by the Ant, Trim. control over the full frequen-
oy range of vach coil set,
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BANDSFREAD ALIGNMENT CHART
¥OTa: Do not effect Bandepread Alignment untll after completlon of General Coverage,
Adjust Signal
Coil | Source and Ad just to Receive Ad just for
Set | Set Recelver To! Test Signal Maximum Output
1 A 30,0 Me, Trimner capacitor C-27 Trimmer capacitors G-22
(POS. 7)0 (PUB. 5)! 0-16 (POB. 3)!
C-} (PDE_ 1).
2 A 27.2 Me, Padder capacltor C-25 (Pos. | Padder capacitors 0-20
15). (Pos, 14), C-14 (Pos,
12), ¢=1 (Pos, 10},
3 A 30.0 Mec. Check Step 1, Repeat
Step 1 and 2 1f neces-
sary. Check Step 1,
1 B 14,4 Me, Trimmer capacitor C-27 (Fos, | Trimmer capacitors C=22
. (Pos. 5), C-16 (Pos. 3},
C=3 (Pos, 1),
2 B 14,0 Mo, Fadder capacitor C=25 (Fos, | Padder capacitors C=20
18)., (Pos. 14}, C-1k4 (Pos,
3 B 14 4 e, Check Step 1. Repeat
Steps 1 and 2 1f neces-~
i sary. Check Step 1,
. | C 7.3 Mc, Trimmer capacitor C-27 (Fos, | Trimmer capacitors 2-22
7). (Pos. 5), C=16 (Pos, 3),
-3 (Poa. 1).

2 ¢ 7.0 Mc, Padder capacitor C-25 (Pos, Padder capacitors J=20
| 15). (Pos. 14),, C-14 (Pos,
1 12), G-1 (Pos, 10),

F b ¢ 7.3 Me. Check Step 1, Repeat
iteps 1 and 2 if neces-
I eary, Checlk Step 1,

1 D b,0 Me, Trimmer cepacitor C-27 (Pos, | Trimmer capacitors C-22
| 7. (Pos, 5), C-16 (Pos, 3),
! C=3 (Pes, 1),

2 D 3,5 Me, Padder capacitor C-25 (Pos, | Pedder capacitor C-20

‘ 15)., (Pos. 14), G-1b (Pos.

; 12), C-1 (Fos., 10).

3 1D 4,0 Ke, Check Step 1, Hepeat

| Steps 1 and 2 if neces=
1 sary. Check Step 1,

|

|

i

L
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{t) BANDSFREAD

{1) With the Receiver adjusted in the seme manner as for General Coverage
shif4{ the Bandspreasd switch on each coil terminal panel to the.right-hand slde or
Bandspread position,

(2) Connect the iAntenna feeders to the Recelver antenna terminal and tune
the Receiver to the signal shown in Step 1 on the Bandspread Alignment Chart for the
coll set telng aligned, Adjust the Bandspread trirmer capacitor, C-3, for maximrum
signal output, If no signel can be received the trimmer may be adjusted for maxi-
mum background nocise,

l 4-7, S-METER ADJUSTMENT

The S-Meter balancing resistor, R-21, is used to obtain a zero meter reading in
the ntaence of signal input to the Recelver, To make this adjustment set the con-
trols as follows: set the R.P, Cain contrel at O, A,V ,C, switeh at A, V,C., Control
switer at A M, snd the A.C, awitch at On, AdJust the S-Meter balancing resistor,
R-21, for e zero reading on the S-Meter, This is a screwdriver type adjustment
located on the top of the chassls,

SECTION 5, MAINTENANCE
5-1. GINERAL MAINTINANCE DATA

Any repairs in the HRO-50 Receiver which necessitate resoldering of Joints
miat be madie with care, A good mechenical connection must be made before the soclder
is applled,

Pailure of a vacuur tube in the receiver may reduce the sensitivity, produce
intermittent speration ar cause the equipment to be completely inoperative, In such
cases, all tubes should be checked either in an analyzer or similar tube testing
equipment or by replacement with tubes of proven quality, When any tube is tested,
it should be tapped or jJarred to make sure that it has no internal loose connection
or intermittent short circuit,

Tubes of the same type will vary slightly i their individual characterlstlcs
and thie faet should be barne in mind when replacenents become neceesary. The G, W,
nscillater, high-frequency oscillator and I.F, tubes should be chosen with care to
gelect a replacement which most nearly epproaches the characteristic of the original
tube. A replacement high frequeacy cecillator tube can be readily checked by noting
any change in dial calibration, particularly on the amateur hendspread bands, Sub-
stitution of new 1.7, amplifier tubes may possiily slter overall gain and selecti-
vity characteristics, The necesslty for realignment as well as alignment procedure
1s discussed in Section M,

: In case of breakdown or failure of the Receiver, the fault must first be local-
‘ized. This can often be accomplished by observation of some peculiar actlon of one
of the controis. Referecce to the circuit diagram will aid in checking voltages at
the various tube elements, Measurement of voltages in accordance with Sectlon Relt,
will most likely indicate where failure has ecccurred,

§-2, CIRCUIT FAILURES

All component perte in the HRO-50 Receiver have been selected to essure an am-
ple factor cf safety, Failure may occur in individusl cases and the most common

©John F. Rider
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cause of fallure, excluding tubes, will probably be due to brearxdown of a capaci-
tor or resistor,

Bypass or filter capacitors which develop poor ednnections internally, or
which become open-circuited, will cause deereased sensitlivity, osclllation or poor
8tabllity, The defective unlt can be located by temporarily connecting a good ca-
pacitor in parallel with each capacitor that is under suspicion,

Pailure of any dypass or filter capaclitor may serilously overload reslstors in
associated circuits, Overload of sufficlent magnituie to permanently damage a re-
slstor will cause the surface of the resistor to be scorched, making the defectlive
unit easy to locate by visual inspection,

Open or short-nivcuited resistore can be definitely located by messuring the
resistance of each individusl resistor, The schematic diagram should be comsulted
tc make sure that any particular resistor under test is not connected in parallel
with some other circult element which might produce & false measurement,

Loose connections which cause Intermitteat or noisy operation can often be
found by tapping, or shaking any component under suspicion with the Recelver adjust-
od for normal operation.

F=3, STAGE GAIN MEASUHEMENTS

The sensitivity measurements listed herein are made with the Recelver set up
as specified in Section 3-2 except that the A, 7, Gain control is set at 10, Connect
an outvut meter with an impedance to matech the Receiver output circuit i.e.. 8 or
500 ohme to the output terminal panel in place of the Loudspoaker, It 1s important
that the proper output impedance mateh be obaerved,

Connect the high output lead of the signal generator throush a 0.0l mf coup-
11ngg§apacitor to the grid cap of each tube as specifled in the following table,
The ound lead of the generator is connected to any convenient chassis point,

I The slenal generator, using modulation, 1s varled between 453 and 457 kilocycles
until a pronounced peak reading is obtained on the output meter,

With the generator attenua%ed to provide m one watt reading on the cutput meter
the signal generator attenuator should read within the limits specified in the fol-
lowing table:

TERMINAL TEST SIGNAL
Mixer Grid 100 = 25 Microvolts
First 1. F  Griga 1800 * 100 Microvolts
Second I, F, 6ria 80,000 £5000 Microvolts

iﬁ-h. VOLTAGE TABULATION

All voltage measurements should be made using a high-impedance vacuum tude volt=
eter, Readings teken with any other type of instrument will differ somewhat depend-
ing upon the input resiestance of the meter, Voltmeter resistance eheould be ten
Itimes larger than the resistance of the circuit across which the voltage is measured
therwise the voltmeter will indicate a voltage lower than the actual voltage present,)
The tube socket voltage tabulations contained in Plgure Number 8 were taken using a

acuum tube volimeter with an input reésletance of 11 megobhms. All voltages are I
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HBFM SOCKET 9
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SPAE 0B2

245 83 i e

.05 P 105

CONDITIONS -

AG LINE VOLTAGE -115VOLTS,

HiGH JMPEDANGE VAGUUS TUBE VOLTMETER USED.

CONTROL SWITCH AT AM. EXGEPT WHEN MEASURING v-9
WHEN 1T 15 AT C.W.

AVE SWITGN ATV OFF.

LIMITER OFF

KFM -30 AND X GU (MSTALLED AND OPERATIVE.

ALL YOLTAGES MEASURED FROM SOGKET PN T¢ CHASSIE.

ALL VOLTAGES DG EXGEFT AS MOTESD.

TOLERANCE = $10%.

Figure No, 8, Tube Socket Voltages

measured between specified cocket terminals and chassis, The control settings to
r be observed are shown on Figure Number 8§

5-5, MAIN TUNING DIAL

The main tuning d4ial should normally give no trouble, If, however, the diml
J should Yecome removed from the Recelver it must NOT be operated until mounted on the
capacitor ahaft WITH SET-S5CREWS TIGHT., This is because the dial 1s oaly des!sned
to rotate for ten revolutions (0 to 500) and if turned farther than this the mecha-
nisr will be damaged, When mounted on the capacitor, limit gtops protect the dial
provided the assembly ls made properly, The procedure for re-mounting the dial is
as follows:

(a) Place the dial on the capacitor shaft, tighten set-screws and turn

dlal counter-clockwise to fully mesh capacitor rotor plates o that the tips of the
rotor plates are flush with the edge of the stator plates,

(b) Loosen set-screws and rotate dial slowly until the dial reading has
decreased Lo zero,

(¢} Tighten the set-screws,

{4) Check pesition of rotor plates at zere. The tips of the rotor plates

©John F. Rider
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must be flush with the edge of the stator plates., A slight adjustment may be
necessary and thls 1s done*by loosening the set-screws, adjusting the position of
tic Aisl and tightening tha set-searews again,

If it i8 necessary to remove the dial at any future time, turn to 250 before
removing the dial and do not disturbd the setting of either the dial or cepacitor un-
til reassembled., If in doubt about the correct position, inspect the springs on the
back of the dizl, When the dial reads 250 these springs should he straight-up-and-
down, they must not be tipred to one side,

It is important that the backplate and diml do not become eeparated, The back-
plate is held in place by two springs so that its gear teeth wesh with the disl gear
teeth in correct relationship for proper diel operaticn, If this backplate should Ye
sprung out nf place, it may return to an incorrect nositicn and the nroyper #ial num-
bers will not appear in the windows when the dial Lis used, T» ascertasin that the
two parts are in correct position, preceed as follows: I

(a) Locate small window near outer periphery of dial backplate and also
locate dial number window on face of dial which is 180° removed from the small back-
plate window,

(v) Hold dial so backplate lies flat in palm of left-hand and with right
hand rotate élal kno®» until 250 appears in previously located dial window.

(e) 1If dia) is properly adjusted it will be noted that the pointer at the
outer edge of the smal]l window lines up with a marked tooth on tke dial itself, It

will be found that the dial and backplate can be moved so that the backplate pointer
will mesh between teeth at points equi-distent from marked tooth in elther direction,

(d) If by ehacking as in paragraph (c¢), the dial is found not properly ad-
Justed, it will be necessary to separate the backplate from the dial tar enough to
bring the two geara out of mesh and then re-mesh the two pcrts until the proper set-
ting is found, A number of trial settings may be required tefore the correct mesh
is found.

5-6, SLIDE-RULE TUNING DIAL

The slide-rule tuning dial assembly has been adjusted et the factory for ace
curate synchronization with the micrometer dial, If not tampered with this mecha-
nism will provide complete freedom of mechanical trouble over a long period of con-
tinuous use, It is driven by an anti-backlash tuning gear ganged with the main
tuning dial, The slide-rule dial pointer is controlled by a string-drive assembly,

If replacement of the string-drive cord is required it will be necessary ts
remove the Receiver chassis from its cabinet or wraparound, Before removing the
micrometer dial reference should be made to Paragraph 5 of this eection for proper
metnod of removal, Figure Number 9 illustrates the proper method of replacing
the cord, After the cord has been replaced and before the Receiver is returned to
its cabinet the micrometer dial should temporarily be replaced (See Paragraph 5-5,)
and the slide-rule pointer correctly set in the following manner:

NOTE
This procedure may also be used if a check is desired
to mssure that the slide-rule dial pointer is properly
synchronized with that of the main tuning dial,

©John F. Rider
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{a) Check the main tuning dial at zero on ite dial scale, The tips of
the rotor plates should be flush with the edge of the atator plates,

() Set the Band selcctor control sp that the D coll eet scale appears,

(e) Set the main tuning diel at 430 on its dial scale, Correct setting
of the slide-rule dial pointer ie Ui megasycles on the dial scale. Draw the slide-
rule pointer along the cord to lts -proper posltion belng careful not to disturd
I the setting on the micrometer dial, After the correct setting has bteen obtained
use a anall amount of glyptol or household cement to fastem the dial pointer se-

curely in place on the cord,

®

FASTEN SPRING HERE

@

WRAP GCORD AS SHOWN,

© ©)
FASTEN CLIP HERE.\ Lo0P GORD AROUND
PULLEY,

LOOP GORD ARQUND PASS CORD THRU
O PULLEY. POINTER SLIDER
® AS SHOWN.

| @

NOTE' CORD SHOWN EXPOSED FOR CLARITY.
CORD LENGTH 33 7/8 " INCLUDING
SPRING AND CLIP,

Figure No, 9, Instructions for Dial Cord Replacement

PARTS LIST
HAT, GO,
STMBOL FUNCTION DESCRIPTIOR TYPE
|
CAPACITORS

C-1l T~l Bandspread Padder used on| Variable, alr dielectric
A, B, C, D, 4A and AC Coil
sets

C=2 T-1 General Coverage Trimmer | Variable, air dielectrie
used on B, &, P, H, J, AA,
AD and AQ coll sets

=3 T-1 Bandspread Trimmer used Variable, air dielectric
on A, B, C and D coil sets

Calt Antenna Trimmer Variabla, air dielectrie
C=5 Main Tuning Four-section ganged, alr dlelec-| Sa:6592
' trie, 225 mnf, max, per sectlon
s —_— R—

©John F. Rider



PARTS LIST (CONT'D,.)
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[ AR, CO,
| SYMBOL | FURCTION DESCRIPTION PR
CAPACITORS (CONT'D,)
C-5A | V-1 Taning Part of C=5
i C=5B | ¥=-2 Tuning Part of C-5
C=5C | V=3 Tuning Part of Ca5
Ce5D | Volt Tuning Fart of C-5
C-6 V-1 Grid Filter Ceramic, ,005 mfd., 450 vdcw K961
C-7 V-1 Grid Filter Ceramie, ,005 mfd,, 450 vdew K9lb-1
0=8 ¥-1 O6rid Filter Mica, ,0l mfd,, 300 vdew Jbb6-56
C.g V-1 Cathode Bypass Paper, ,1 mfd,, 400 vdew 092711
C-10 [V-l Screen Bypass Ceramic, .005 mfd,, 450 vdew E9u6-1
C-11 |V-l Screen Bypass Paper, .1 mfd., Y400 vdew Dg27-11
C=1? | Vel Plate Filter Paper, .1 mfd. , 600 vdew DR27-13
] "=13 | V=2 Grid Return Bypass Ceramic, ,005 mfd., 450 vdew K9kb-1
C-14 | ®-2 Bandspread Padder used on | Variable, alr dlelsctric
A, B, ¢, D, AA and AC coil
sats
C«l5 |T-2 General Coverage Trimmer | Variable, air dislectric
I used on all coil sets
C=16 |T=2 Bandspread Trimmer used Variable, air dislectric
on A, B, C, D coil sets
C-17 |V-2 Cathode Bypass Paper, ,1 mfd,, 400 vdew Dg27-11
0=13 |V=2 Screen Bypass Ceramic, 005 mrd,, 450 vdew E94o-1
C-19 |V-2 Plate Filter Paper, .1 mfd., 600 view DB27-13
C-20 |7-3 Bandspread Padder used on | Variable, air dlelectric
A, B, C, D, AA and AC cold
sets
C-21 |T-3 General Coverage Trimmer Variable, alr dielectric
used on all coil sete
C-22 |T-3 Bandspread Trimmer used Yariable, air dielectric
on A, B, C, D coll sets
C-23 |V=3 Cathode Bypass Paper, .1 mfd,, 400 vdew Dg27-11
Ce24 |¥-3 Screen Bypasa Faper, .1 mfd,, 400 vdew D327-11
C-25 |?P-U Bandspread Padder used Variable, air dielectric
on A, B, C, D, AA and AC
coll sets
C-26 |T-4 General Coverage Trimmer | Variabdle, air dlelectric
used ocn all coil sets
C-27 |?-4 Bandspread Trimmer used Yariable, air dielectric
on A, B, C, D coil nets
C=28 |T-U4 General Coverage Padder
A coil eet Mica, .0012 mfd., 300 vdew Jb6h-63
B coil set Mica, ,0026 mfd,, 500 vdcw J6b6-61
C coil set Mica, ,0016 mfd., 500 vdew J666=-21
D coil set Mica, ,0009 mfd., 500 vdew J666=62
E coil set Mica. 470 mmf., 500 vdew H500~18
F coll set Ceramic, 350 mmf,, 500 vdew D825C-331
8 coil set Ceramic, 100 mmf,, 500 vdcw Dga5C-304
J coil wset Ceramic, 50 mmf,, 500 vdcw DB25D~417
AD colil set Geramic, 100 mmf,, 500 vdcw DB256-304
C-23 |Calibration AdJustment Trim~ | Variable, air dielectric
mer
C=30 |Vl Grid Ceramic, 100 mmf, , FOD vdew neosn.hol
C-31 | V-4 Plate Paper, ,1 mfd,, 400 vdcw Dg27-11
€-32 | V-4 to V-3 coupling Mica, .01 mfd,, 300 vdew J666-56
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PARTS LIST (CONT'D.)
HAT. coO.
STMBOL | FUNCTION DESCRIPTION TYPE
CAPACITORS (CONT!'D,)
C-33 |T=5 Primary Trimmer Variable, air dlelectric
C-3 |Bridge Falancing Ceramic, 62 mmf,, 500 vdew J695-3
C-35 |Bridge Balancing Ceramic, 47 mmf,, 500 vdew J695-1
C-36 |Phase Balance Adjustment Mica, variable, 3,5 to 3% mmf, Dg3e-2
C=37 |Phasing Variable, air dielectric SA: 3655
C-38 |Selectivity Compensator Mica, variable, 3,5 to 35 mmf, DEI2-2
-39 |T-5 output adjustment Variable, air dielectric, 100 mmf.| SA:1841
C Selectivity Adjustd ng Ceramic, 5 mmf., 500 vdew Dgeri-u0l
C-41 |Selectivity adjusting Ceramic, 10 mmf,, 500 vdew DB25D-126
C=42 |Selectivity Adjusting Ceramic, 10 mnf,, 500 vdew DE25D-426
C=U43 [v-5 A,V 0, Pilter Paper, N1 mfd,, 500 vdcw Dg27-7
C-kL | v.5 Cathode Bypass Paper, .1 mfd., 400 vdew DE27-11
VIRIT. S, S Primary Trimmer Variable, air dielectrie
C-Ub |[Twb Secondary Trimmer Variable, air dielectrlc
C-U47 |v-6 A.V.C., Pilter Paper, .01 mfd,, 600 vdew D827-7
C-48 |Pixed, calidration padder Ceramic, 10 mmf,, 500 vdcw D&25D~4137
C-4g |[V-6 Secreen Bypass Paper, .1 mfd., 400 vdew D827-11
C=50 |T=7 Primary Trimmer Variable, alr dielectric
C=51 |Ta7 Secondary Trimmer Variable, air dielectric
C-52 |[V-b Plate Filter Paper, .25 mfd., 600 vdecw Dg27-19
C-53 |[V-7 Loamd Ceramic. 270 mmf,, 500 vdew J633-2
C-54 |T-7 to V-7 Coupling Ceramic, 100 mmf,, 500 vdew DE25D-421
C-55 |A,V.,C, Filter Paper, ,01 mfd,, bOO vdew ng2s-7
C-56 |V-9 to V-7 Coupling Ceramic, 3 mmf,, 500 vdew J695-4
¢-57 |V¥=9 Screen Bypass Mica, ,01 mfd,, 300 vdcw Jo06-56
C=58 |C.W, Osc, Tuning Variable, air dielectric 8A:6580
C-59 |T-% Grid Miea, 001 mfd,, 500 vdew J666-14
C-50 T+83 Pixed Tuning Ceramic, 100 mmf., R00 vdew DE25C-304 I
C-61 |T-8 Puning Adjusting Variable, air dielectric
c-62 |D.C, Blocking Paper, ,0L mfd., 600 vdcw Dg27-1
C-63 |A.C. Line Bypass Mica, .01 mfd., 300 vdcw J666-56
C=64 |A,G, Line Bypass Mica, .0l mrd,, 300 vdcew J666-56
C-65 |[Power Supply Filter Electrolytic, 40+40 mfd,, UTS vdcw|K9l5a3
C-65A |Power Supply Input Filter Part of C-65
C-65B |Powsr Supply Outpnt Pilter Part of (-A5
C=hb |[V¥=7 to V=19 Coupling Peper, ,01 mfd,, 600 vdew Dg27-1
C-57 |V-10 Threshold Filter Paper, ,1 mfd,, 400 vdcw D827-11
C-b8 [ V210 Plate Piltsr Paper, .1 mfd., 400 vdew Dg27-11
C-b9 |{V-10 to X-3 Coupling Paper, .01 mfd., 600 vicw DgeT-1
¢-70 |Tone Compensator Electrolytie, 25 mfd,, 50 vdew E338-H
C-71 |V-11 Cathode Byvass Paper, .5 mfd,, 100 vdew Dg27~-49
G-72 |V=-ll Screen Bypass Paper, .1 mfd,, 400 vdew D82 7-11
=73 |[V-11 Plate Filter Paper, ,1 mfd,, UYOO vdew D827-11
C-74 |Tone Paper, .0l mfd,, 600 vdew DB27=T
c-7% V-8B to V-1l Coupling Paper, .01 mfd,, B00 vAew NR27-T
C-76 | V-3B Grid Bypass Ceramic, 100 mmf,, 500 vdew Dg25D-421
C-17 V=8B to V=12 Coupling FPaper, .01 mfd,, 600 wdew Dg271-1
C-T78 (V=8B to V=13 Coupling Paper, .01 mfd., 600 vdcw D82T-~7
C=79 |V-12 and V-13 Cathode Bypass | Electrolytic, 25 mfd,, 50 vdew E338-Y4
C-%0 |[Tone Compensator Mica, .0024 mfd., 1000 vdew J667-b8
C-81 |[Temperature Drift Compensator | Ceramic, 5 mnf. , 500 vdew HgT72-3
c-82 T-1 Pixed Bandspread Padder: Coramic, fixed,
A coil set 12 mm?,, 500 vdcw D82R"D-40k
! B coll set 5 mmf,, H00 vdew DE25D=-u01
©John F. Rider
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FaT. 0.
SYMBOL; FURCTION DESCRIPTICN TYPE
CAPACITORS (CONT'D.)
I C coil set 12 mmf,, 500 vdew DE25D-404
D coil set 29,7 mmf., 500 vdew Dg25D-u412
C-83 |T-2 Pixed Bandepread Padder Coramic, fixed
A coll set 21 mmf,, 500 vdcw D8 25D-41Q
B coil net 5 mmf,, HOC vdew DE2RD-UQL
0 coll set 12 mmf,, ‘500 vdew D825D-4Ok
D coll set 25,7 mef,, ROO wiew DE2RD-U1 2
Jjjc-8% |T-3 Pixed Bandspread Padder Ceramic, fixed
A coil set 21 mmf,, 500 vdcw D8250-U10
B coil set 5 mmf,, 500 vdew D825D-4ol
C coll get 12. mmf,, 500 vdcw DE25D-40U
D coll et 25,7 mmf., 500 vdew DEXD-H12
-85 [T«% Zundspreal Falder used on | Ceramic,10 mmf,, 500 vdew D82RD-%02
A coil set
C~-86 |T-4 FPixed Divider used on D Ceramic, 21 mmf,, 500 vdew DE250-410
coll set
C-87 |T-U4 Pixed Ceneral Coverage Ceramic, fixed
frimmer ‘
B coil set 10 mnf,, 00 vdcw DB2hD-4 37
AA coll set 68 mmf,, 500 vdcw DE25D-U1g
AB coi) =t b8 mmf,, H00 vdew Dg25D-4%39
AC coil set b8. mmf,, 500 wdew DE25D-4 39
C-88 |T-1 Pixed General Coverage
Padder
A coil set Mica, 1200 mmf,, 500 vdew J666=16
AB coll set Ceramic, 120 mmf,, 500 vdew DB2RC=305
-89 |T-% Pixed Temperature Compen- | Ceramic, 10 mmf.., H00 view DE2RD-u3]
sator used on B coll set
C-90 (T-2 Primary Trimmer used on Ceramic, 21 mmf,, 500 view DE25D-U410
H coil set
C-91 |?T-1 Ganeral Coverage Trimmer |Ceramic, fixed,
AA coil set 5 mmf,, 500 vdew D§2RD-401
AB coll set 10 mmf ., 500 vdew DE2sD-L02
AC coll set 50 mmf,, SO0 vacw D325D-117
C-92 | T-2 coupling used on AB coil { Mica, 470 ammf,, 500 vdew Job5-56
set
¢-93 | M2 General Covaraga Padder Ceramie, 100 mmf,, OO visw NE25C-30k
used on AB colil set
C-94 | T-3 Coupling used on AB coil |Mica, 470 mmf,, 500 vdew J665-56
set
C-95 | T-3 General Coverage Trimmer | Ceramic, fixed,
AB coil set 5 mmf,, 500 vdew D8 25D-lo1
AC coil sat 68 mmf, 500 view Dg25D-H39
0-96 |V-2 Cathode Bypass Ceramie, 005 mf3,, LS50 vwdeow ) ST
C-97 |T-1 General Coverage Padder Variable, air dlelectric
nsed on AB coll set
C~98 | T=2 General Coverage FPadder Variable, air dielectric
nsed on AR coil set
G99 ! T=3 General Coverage Padder Variable, air dlielectric
used on AB coil set
C-100 | P-4 General Coverage Padder Yariable, air dielectric
used on 2, F, G, B, J and AB
coil sets
©John ¥. Rider
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GC=101 | T«3 Genersal Coverage Fadder Ceranie, 100 mmf,, 500 vdew DE2RC-T04
used on AB coil smat
C-102 | =2 General Coverage Trimmer | Ceramic, 68 mmf., 500 vdew D825D-439
on AC coil set
C-103 | I P, coupling to X-1 Ceramic, 10 muf,, 500 vdcw Da25D=402
RESISTORS
R-1 V-1 Grid Milter Fixed, 470,000 ohms, 1/2 W, J569-57
R-2 | V=1 Oathode Fixed, 100 ohms, 1/2 W, J569-13
R-3 V-1l and ¥-2 Screen Fixed, 2,200 ohms, 1/2 W, J569-29
|l |-t | V-2 Grid Filter Fixed, 470,000 ohms, I/2 W, I569=57
R-5 V-2 Cathode Fixed, 560 ohms, I/2 W. J569-22
| R-6 RF Gain Control Variable, W.¥,, 10,000 ohms E34g9-3
B-T | V-3 Injector Grid Fixed, 22,000 ohms, 1/2 W, J569-11
R-8 V=3 Cathode Pixed, 220 ohms, 1/2 W, J569-17
R-9 ¥-3 Sereen Fixed, 33,000 ohme, 1 W, J5T1-43
R-10 | V=B Gria Pixed, 22,000 ohms, 1/2 V¥, J569-k1
R-11 | 7-4 Plate Fixed, 22 ohms, 1/2 W, J565-5
R-12 | V-5 Grid Filter Fixed, 470,000 ohms, 1/2 W, J569-57
R-13 | V-1, V-2, V-4, ¥.5 Screen Fixed, 27,000 ohme, 2 W, J512-U2
Bleedor
B-14 | V-5 Cathode Fixed, 220 obms, 1/2 W, J569-17
Rl V-h Cathode Fixed, 330/1000 ohms, 1/2 W,
R-l ¥-1, V-2, V-4, 7.5 Sereen Fixed, 15,000 ohms, 2 ¥, J572-%19
1 Dropping
Ew=17 | V=5 Plate Filter Fixed, 2,200 ohms, 1/2 W, JH69-29
R-18 | V=6 Orid Filter fixed, 470,000 ohms, 1/2 W, J569-57
R-19 | V-6 Cathode Pixed, 330 ohms, 1/2 ¥, J569-19
R-20 | V-%A Plate Load Fixed, 47,000 obms, 1/2 W, J569-45
B~-21 | "3* Meter Zero Adjustment VYariabdle, W, W,, 1000 ohms 1 W, D831=2
R-22 | V-7 Plate Load Fixed, 1,5 meg,, 1/2 ¥, J569-63
R=23 | AYC Filter Pixed, 1.5 meg,, 1/2 W, J569~63
E-24 | V-9 Plate Fixed, 220,000 ohms, 1/2 ¥, J569-53
R-2h | V=9 Screen Filter Pixed, 100,000 ohms, 1/2 W, J569-49
R-26 | V-9 Sereen Bleeder Fixed, 100,000 ohms, 1/2 W, J569-49
R-27 | V-9 0Oria Pixed, 47,000 ohms, 1/2 W, J50g=k5
R-28 | Dimmer Variable, W.W,, 25 ohms K915-13
R-29 | V=7 Filament Dropping Pixed, 4,3 ohme, 1 W, X098-34
R-30 | V-10 Filament Dropping Fixed, 4,3 ohms, 1 W, E098-34
R-31 | V-1Y4 Dropping Pixed, 5,000 ohms, 10 W, £959-10
R-32 | V-7 Load Pixed, 22,000 ohms, 1/2 W, J569-U41
B-33 | V-7 Load Tixed, 470,000 obme, 1/2 W, J569-57
R-34 | 7v-10 Plate Fixed, 220,000 omms, i/2 W, J569-53
R-35 | Y=10 Cathode Pixed, 220,000 ohms, 1/2 W, J569-53
R-36 | Limiter Threshold Control Variable, 500,000 ohms Jo8l-2
R-37 | Limiter Threshold Filter Pixed, 220,000 ohma, 1/2 W, J569=5%
'R-38 | Limiter Plate Filter Fixed, 820,000 ohms, 1/2 W, J569-60
R-39 | V=10 Plate Load Fixed, 470,000 ohms, 1/2 W, J5659=57
B-40 | Andie Gain Control Yariable, 500,000 ohms E34T=1
R=41 | Limiter Output Divider Fixed, 220,000 ohms, 1/2 W, J569=F3
B-42 | V=11 Cathode Pixed, 2200 ohms, 1/2 W, J565-29
R-43 j V<1l Cathode Divider Fixed, 150 ohms, 1/2 ¥, J569-15
R-44 | Daganaration Pasdbeck Pixed, 6800 ohms, 1/2 W, J569-35
R-4§ | V=11 Audio Screea Fixed, 100,000 ohms, 1/2 ¥, J569-49
R-46 | V-11 Plate Load Fixed, 100,000 ohms, 1/2 W, J569-Ug




PARTS LIST (CONT'D,)

FUNCTION

DESCRIPTION

RESISTORS (CORTID.)

R-W7
R-Wg
R-lig
R-50
R-51
R-5e2
B-53
R-5h
R-5%
R-56
R-57

¥-11 Plate Filter

Tone

V-8B Gria

V-8B Cathode EBlas

V-8 Cathode Load

V-8B Plate Load

V-13 Grid

¥-12 Grid

V-12 and V-13 Cathode Blas
Output Load

T=~1 Ant, Load A Coil Sat
Only

Pixed, 47,000 chme, 1/2 W,
Variable, 500,000 ohms
Fixed, 220,000 ohms, L/2 W,
Piyed, 4,700 ohms, 1/2 W,
FPixed, 47,000 obms, 1/2 W,
Fixed, 47,000 ahms, 1/2 W,
Fixed, 220,000 ohms, 1/2 W,
Fixed, 220,000 ohme, 1/2 W,
¥ixed, 220 ohms, 2 W,
Fixed, 470 onams, 2 W,
Fixed, 22 ohms, 1/2 W,

J569~53
J569-53
J572-17
J572-21

J563-5

MISCELLANEOUS

E=2
E-3
Pl
I-1
I1=2
1-3
J-1
J=2
L-1
M-1
P-1
P2
S-1
§-2
5-3
S-l
5-5
s-6
S-1
5=8
5-9
5-10
5-11
T=1

Antenna Input Terminal
By Switch Terminal
Audie Qutpnt Terminal
Fuse 3AG

Diel Lamp

Dial Lamp

"S" Meter Lamp

Phono Jack

Phnrne Jack

Filter Choke

iS* Moter
Seloct-0-—Ject Plug
A, C, Jumper Plug

T-1 B,S, - G,C, Switch
T=-2 B3, = G_.C, Switeh
-3 B.8, - G,0, Switeh
-4 B,S, - G.C, Switch
Selectivity switech

A Y, 0, OR=OFT switch
Control switch
Calibrator switeh

A,C, Line awitch

T-10 Primary Selector switch
B+ switch

Piret R, F, Amplifier trans-
former

A Band

B Band

¢ Band

D Band

E Band

¥ Band

G Band

E Band

J Band

pA Band

AB Band

hC Band

©John F. Rider

Screw-Type, three terminals
Screw-Type, two terminalse
Screw-Type, three terminals
2 Amps, at 250 V,

U

LT

#47

S5ingle~Circuit
Multi-Circuit

17 Henrles

0-1 ma,

Octal

Octal

Two-position

Two-positian

Two-position

Two-poeition

Six-poaition, double-pole
SP3T, toggle

Double-wafer, four-position
DPDT, togsle,center position open
Part of R-l40

DPDT, toggle

SPST Bat Handle

14,0 = 30 Me.
7.0 - 1 U4 Me,
3.5 = 7.3 Me,
1.7 = 4,0 Me,
00 =« 2050 Ke,
BO - 9& Kco

180 - U430 Ke,

100 - 200 Ke,
RO « 100 Kec,
27 - 30 Me,
25 - 35 Me,
21 - 24,5 Me,

SA16€65
SA316803
SA16808
SArEml
SA:6675

SA1 28073
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PARTS LIST (CONT'D,)

]

NAT, CO.
SYMBOL! FUNCTION DESCRIPTION TYPE
MISCELLANEQOUS ( CONT!D,)
-2 Second R, P, Amplifier Trans
former
A Band 1,0 - 30 Me, SA36751
g g“d 7.0 - 14, Me, SA:0650
and 3.5 = 1.3 Me, A2
D Band 1.7 - 4.0 Me, :Agglﬁ
E Band 00 - 20RD Ke, SA168L0
¥ Band feo - 960 Ke. SA16662
G Band 180 - U430 Ke. SA:1666
H Band FE667
100 - 200 Ke, SA16669
J Band % -« 100 Ke, SA: 6809
AL Band 2T~ 30 Me, SA:66T3
AB Band 25 - 35 Me, SA16818
AC Band 21 - 21.% Me, SA: EOTY
-3 Mixer Transformer
A Band 14,0 —- 30 Me, SA:6752
B Band 7.0 - 1W. L Me, SA:5756
C Band 3.5 = T.3 Me, SA: 6642
D Band 1.7 - H,0 Mc, 54:6638
E Band 00 - 2050 Ke, SA: €789
? Band 80 - Y60 Ke, - SAt679L
G Band 180 - 430 Ke. SA:6800
E Band 100 - 200 Ee. SA:€80L
J Band 50 -~ 100 Ke, SA:0RLO
AA Band 21 - 30 Me. SA: 6815
AB Band 2% - 5 Me, SA: 6676
AC Band 21 - 21,5 Me, SA:80T5
T~k H,F, oscillator transformer
A Band 14,0 « 30 Me, SA:b6RG
B Band 7.0 = 144 Me, SA:16678
C Band 3.5 - 7.3 Me, SA: 6760
D Band 1.7 - 1,0 Me, SA:6776
E Band 900 -~ 200 Kc, SA:16631
F Band kg0 - 960 Ke, 5A:6795
G Band 180 - U300 Ke, SA: 6785
H Band 100 - 200 Ee, SA:6805
J Band % = 100 Kc, SA: €811
AA Band 27 - 10 Mo, Sa16216
AB Band 2R = Ih Me, SA: 0819
AC Band 21 - 2.5 Me, SA:8076
T-5 Crystal Filter Ush Ke, Sa: 3654
Teb 2nd, 1.F, Amp. transformer 455 Ke, Sa:2ugp
1 7-7 Detector Ipput transformer 455 Ke, SA:l1G
4 C.W, Ose, transformer 485 Ko, SA: 1361
T-9 | Audio Output transformer Pri, 10,000 ohms/Sec, 8/60C ohms, { PL&7-1
10 watts
T-10 |Power transformer 115/230 volt primary P183-1
V-1 Firat R, F, Amplifier OBAD
V.2 | Second R,¥, Amplifier 6BAG
¥-3 Mixer 6BE6
v H.F, Oscillater 6clh
V-5 |PFirst I.F, Amplifier K7
67

| v-6 Second I, P, Amplifier
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v-7 Second Detector and A,V,C, 5): (3
V-8A ["S" Meter Amplifier 1/2 65NT7GT
V-8B |Phase Inverter 1/2 6sN76T
v-9 ¢.W, Oseillator o7
V-10 |[Noise Limiter bHE
V-11 {Audio Amplifier 6837
V=12 |[Audic Output 6veeT
V-13 [Audio Cutput 676GT
V-14 |Veltage Regulator 0B2
¥-15 |{Rectifier VLG
X-1 Accessory Connector Socket Octal Jo6R=2
X2 Crystal Calibrater Socket Octal Jb65-2
X-3 Select-0O-Ject Socket Octal Jeb5=2
Y-l Crystal Resonator Quartz, 455 Ke, E979-1
R-26 R-24 R-25 n-49\\g R-52 R-51 R-50

R-43

R4z ="

| ...

7 ' [ : \
R 16 R-18 R-7 R-13 R-t5 R- 14 R-t2 /-1 R-10
Figure o, 1CA, Resistor Locsatlons, Bottom View of Regelver
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C-T7 C-78 C-57 G-56 ¢-58 C-76 G-68 C-75 c-73 C-74 C-67

Figure No, 10B, Cepacltor and Miscellaneous Component Locations, Bottom View
of Recelvcr
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GENERAL

The type XCU Crystal Calibrator Unit is designed expressly for use within the
HRO-R0 Receiver, It utilizes an electron-coupled oscillator circult controlled by
a dual-dimenslen crystal (Bliley type SMC-100). This type of crystal provides two
crystal-controlled markar frequencies of 100 kilacyecles and 1 megacycle., When
plugged into the Cryetal Calibrator Socket, X-2, the XCU output is loosely coupled
to the first R, P, amplifier input cirguit., Selection of either the 100 kilpcycle
or 1000 kilogycle crystal-contralled signal ls made possible Ly the front=panel
mounted Calibrate switch on the Receirver,

INSTALLATINN |

The XCU calibrator is installed in the HRO-50 Raceiver by plugging the unit in-
to the Crystal Calibrator Secket, X-2, on top of the chassis., A slotted-head screw
mounted throush the top of the unit is provided to bolt the unlt to -the chaasis,

A trimmer capacitor, C-1, is connected across the crystal to permit ad justment
of the frequency of the 100 kilocycle output marker when the unit 1s cperated at
locations where the temperature is vastly removed from that of normal room tempera-
ture, This capaelitor should never require ad justment unless such abnormal tempera-
tures are axperienced, To make the adjustment proceed as follows!

(1) Plug in a coil set suitable for the reception of WWV on one of the
various frequencies utilized by thie standard frequency station.

(2) AdJust the Receiver for normal C,W, speoration as explained in Section
3~-3,

(3} Set the front-panel mounted Calibrate switch at the 100 kilocycle
position. I
{(4) Tune in the signal from WWV,

(5) Adjust the trimmer capacitor, C-l, lecated at the top of the calibra-

tor unit so that the 100 kilocycle marker signal harmonie is gero beat with the eig-
nal received from WWYV,

OPERATION

The XCU Cryetal Calibrator provides a means of checking the accuracy of the
frequency calibration of the Receiver, The front-panel mounted Calibrate awitch
marked 100-0ff-1000 connects B-plus to the Calibrator for instantaneous service,
At the same time this switch selects either ths 100 or 1000 kilocycle marker sig-
nal, To check calibration accuracy tune in the desirsd marker signal with the Con-
trol switch eet at C.¥, and zero beat the Receiver with the harmonic marker, If
the micrometer dlal and the slide-rule dial do not read accurately correction
should be made by adjusting the front-panel mounted Osec, trimmer contrel, Only a
slight ad justment of the Osc, trimmer control should be necessary, If calibration
is way off the plug-in coil set probably requires realignment and reference should

be made to Section M4,
PARTS LIST "
NaT, <O,
STHMBOL | FUNG T ION DESCRIPTION TIPE
c-1 100 K¢, Tuning Ceramic, variable, 6 - 20 anmf, E311-2
g-2  |B+ Filter Paper, .1 mfd. +30%-10% 400 vdew |[D827-11
¢-3  |Cathode by-pass Paper, .1 mfd. +30%8-10% 400 vdew [DB27-11
C=h Outpat Coupling Ceramic, 10 mmf, *,5 mnf., 50C vdcw |H872-1
L-1 100 Ec, imductor 5 mh, type R-100 SATL3T3
L2 1000 Ke, inductor .5 mh, sype R-50 54: 2514
P-1 Flug Octal 7831
R-1 Grid FPixed, 4,7 megohms, 1/2 W, J569-69
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R-2 Cathode Pixed, 150 ohms, 1/2 W, 7565-15
R-3 Screen dropping Fixed, 2200 obms, 1 W, JHT1~M1
R-U4 FPlats Pixed, 470,000 ohms, 1 W, J5Ti-57
V-1 Cscillator tube GAEG
T-1 Crystal Resonator Quartz, 100 = 1000 Kc, P206-1
c-4

V-1 z (e

0SC.

6AK6 R-4 |

2

Figure No, 14, Schematic Diagram, XCU Calidrator

INSTRUGTIONS
for the
FATIONAL NFM-50
NARROW-BAND I.M., ADAPTOR

INSTALLATIOR
The FFM-50 18 installed in the HRO-50 Recelver by plugging the adaptor unit in-

to the N.B.F.M, Socket X~-1 on the top of the chassis, A mounting bracket is fur-
nished to hold the adaptor unit securely in position,

The adeptor unit is aligned at National Company laboratories and real ignment
1s not necessary, It is necessary to realign the primary trimmer capacitor C-50 in
the second detector transformer, T-7, on the HRO-50. See Figure Ko, 6 in this In-
struction Book for the location of this adjustment, Realignment of this capacitor
is effected as follows:

©John F, Rider
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1, Install the NFM-R0,

2, Adjust the receiver controls for normal A.M, operation,

3, Disconnect the antenna,

U, ®rim the capacitar, C-50, for maximum receiver background noise using
an insulated alignment tool,

ALIGNMENT

The NMM-50 is carefully aligned before shipment and no realignment is required
unless the adaptor is accidently misaligned, The necessity of realignment can be
determined by the A M, rejectlon ecapahilities af the adapior unit. Proper alignment
will be indicated when ths maximum A M, rejection occurs at the center of the AM,
| carrier, Maximum S-meter reading will indicate the center of the carrier,

The sguipment required for alignment is a high-impedance vacuun tube voltmeter
and an A M, eignal generator, The signal generator used should have an output re-
sonably free of any frequency modulation, The use of & broadcast station as a sig-
| nal seurce, in place of a signal generator, would pravide a test signal meeting the 1
above requirement, In any case, the slgnal strength of the test signal should be
of the order to provide an S-meter reading of from 2 to 5 S-units when the HRO-F0
18 correctly tuned to the test signal,

The preliminary alignment procedure ls ae follows:

1, Connect the high-impedance voltmetar hetween the test point Jack, J-1,
and chassis, The polarity of the voltage will depend on the alignment of the adsp~
H tor, connect the voltmeter to obtaln an up-scale reading,

2. Connect a signal source to the antenna terminals, A and A, at the rear
of the HRO-50, If a signal generator is used make the connection through a 30C ohm
dumny load and selesct a frequency in the standard broadcast band,

. Set the Control switch at N.F.M,

. Set the Belectivity awitch at Off,

. Set the Limiter contrel at Off,

. Plug in the E coil set, 900 to 2,050 Ke, If this coil set 1s not
available use the D coil set, 1,7 to 4,0 Me,

i 7. Set the B plus switch at On,

B. Set the A, V.C,-0ff switch at A V,C,

9. Turn the R, P, Gain econtrol to 10,

10, Adjust the A.F, Galn control for the desired volume,

VWA Fla

11, Tune the test signal by ad justment of the Main Tuning knob, The cor-
rect tuning point is the setting that produces maximum S-meter reading,

F Alignment 1is effected as follows:

1, Detune both primary, L-l, and secondary L-2, I.F, trimmers by rotat-
ing the screw adjustments until they are withdrawn from the shield can as far as
possible. The adjustment with the dot of red paint opposite it is the primary
trimmer Lel,

2, Tune the primary trimmer, L«l, for maximum reaiing on the voltimeter,
If two peaks in output are observed, the correct peak will be the first one encoun=-
tered when rotating the screw adjustment into the shield can,

3, Mune the pecondary trimmer, L-2, for a zere reading on the veltmeter,
B Tt will be noted that thers is a croseover in the polarlty of the test voltage at
this point,

L, Adjust the capacitor, C-9, for a null in the audlo outpuy, This
cag:citor is acceasible after removal of the button plug on the side of the adeptor
un -
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9. Adjustment of capaciter, C-9, may affect the zero voltage readlng

odtained by adjustment of the secondary trimmer, L-2,
sary, until both a zero voltage reading on the volimeter and a null in the audio

output are obtained, PARTS LIS?
SYMBOL HAT, GO,
RO, FUNCTION DESCRIPTION TTPE
C=1 I,F, Amp, Coupling Ceramic, 10 Mmf, 500 vdew D325D-402
-2 Input Divider Ceramic, 38,5 Mnf, 500 view DE25D-414
£-3 I.F, Amp. Cathede Bypass Mica, 0.01 Nfd, 300 vdew JebERb
c-4 I.F. Amp, Sersen Bypass Miea, 0,001 Mfd, 300 vdcw JobS5-T1
c-5 T-1 Primary Tuning Mica, 100 Mmf, 500 vdow HR00-7
c-6 T-1 Secondary Tuning Mica, 1%0 Mmf, 500 wicw H500-3
C-T T~1 Secondary Tuting Mica, 180 Mmf, 500 vdcw H500-3
c-8 T-1 Secondary Tuning Ceramic, 38,5 Mmf, 500 vdcw Dg25D-41k
C-5 T-1 Sec., Balance Adj. Ceramic, Var., 7-35 Maf, E311-h
C-10 |Dise. Cathoda Filter Elect, 1 Mf4, 450 vdew £332-10
C-11 |B Supply Bypass Mica, 0,01 Mfd, 300 vdcw J666-56
g-12 |R.P?, Pilter Mica, 470 Mmf, 500 vdew J665-56
C-13 |Audio Coupling Mica, 0,01 Mfd, 300 vdcw Jbbba56
R-1 1.¥, Amp, G6rid Leax Fixed, 1 Megohm, 1/2 W, X379-61
R-2 I.,F, Amp, Cathode Bias Fixed, 1,000 Ohms, 1/2 W, K379-25
B-3 |{I.F, Amp, Screen Dropping Fixed, 47,000 Ohms, 1/2 W, K379-45
R4 R, F, Mlter Pixed, 47,000 Ohms, 1/2 W, K379-45
R-% Diode Load Fixed, 15,000 Ohms, 1/2 W, X3719-39
R-b Diode Load Fixed, 15,000 Ohms, 1/2 W, Xi19=-%
R-7 Decoupling Fixed, 4,700 Obms, 1/2 W, J563-33
B J-1 Test Point Tip Jack, Bakelite K421-1
L=l ?-1 Primary Inductor Ad justable Iron-Core SA:lugg2
L-2 T-1 Secondary Inductor AdJustable Iron-Core SA: 4891
P-1 Adaptor Unit Plug g Proag QOctal K783-1
-1 Diseriminator Transformer Ratio Type 455 Ke. sa:hggo
v-1 I,¥, Amplifier 6SK7
Va2 Discriminator (3: S
T-I
esK7 (og o1 e 57
hF AMPLIFIER i C-57= = ! m;/ciuf::‘imn
0T M3 gl | 7 |
_LC'ZL | 5 ;-lr: E
’ s | C-7 c-8 |
_[ i [ 19 R-3) = ! L ¢-10
= R-l -3 = P 1y
;e T qR-2 P& ' TE &
X | T —— e ————— -
%R-A A
c-9
C.i3 J |
IG-IZ
P-1
MATING VIEW T
LAV ANIY
V-1 Figure No. 15, Schematic Diagram, NFM-50 Adaptor
. AN_2],,
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INSTRUCTIONB
FOR BIE

NATIONAL TYPE 6508

VIBRATOR POWER SUPPLY

GENERAL

The National Type 6505 Table Model Vidrater Power Unit has been designed to
furnish complete operating voltages for the HRO-50 Receiver, The unit operates
from a b~-velt D,C, supply and provides approximately 150 volts D.C, at 70 milliam-
peres in normal operation, Output voltages for both A and B eupply are avallable
at a four prong s¢cket for convenient connectlon to the Receiver,

The 6505 consists of a vibrator unit utiliszing an OZUA type rectifier tube and
a vibrator in & circult employing efficlent R,F. filtering of vibrator hash, Fur-

ther filtering of the low frequency or audio hum component in the output is accom-
plished by using the regular filter system in the Recsiver, i

INSTALLATIOR

The 6505 unit ie supplied with a battery connecting cable as well as an inter-
connecting cable to facilitate connection to the Receiver,

Battery clips are provided on the battery connecting cable, W-1, for conven-
ient connection to a G-volt storage battery or similar source of power, The inter-
connecting cable, W-2, 18 terminated at one end in a Four-prong plug to mate with
the socket, X-1, of the 650S, The other end utilizes an octal plug to mate with
the power socket, X~l1, at the rear of the HRO-F0 Receivar. The Recelver A.C, Jump-
er plug, P-1, used for A,C, operation must be removed from the powsr socket, Flg-
ure Number 16 shows the Schematic Wiring Diagram,

The 6505 Vivrapack Unit has been completely tested and ad Justed at the factory
to provide efficient and economical service when used with the ERO-50 Heceiver, An
ad justment control switch has been furnished for increasing the B-plus output,

Thie i& & screw driver eontrol available throuch an entry hole provided at the rear
of the 6505, The control ewitch has four stepa from approximately 150 volts of
filtered D,C. at 70 milliamperes in the extreme counterclockwlse position (atap 1)
to approximately 210 volts at 90 milliamperes in the fully clockwise position (step
4). It 1s recommended that the Receiver be operated at the lower B voltage of step
1, The total battery drain is approximately 10,5 amperes when furnishing power to
the Receiver if the NFM-50, ‘XCU and SOJ-3 unite are used, If the Recelver is used
without these acceasories the total drain is approximately 9 omperes, Phe V.R,
tube does not light under these conditiens but the Receiver will operate normally
and operation from a storage battery becomes practical, In step 4 the VR, tube
will light and full Receiver output will be obtained but the drain on the storage
battery will be approximately 1% amperee when all mceesesoriss are utilized, Withw
ocut these accessories the total Receiver drain from the battery will be approximate-

ly 13.3 amperes,

The two intermediate control switch steps 2 and 3 should not be used as the
voltage obtained is approximately the value required to fire the V.F, tube in the
recelver, Under this condition the V.R. tube mey fire on end off sporadically re-
aulting in erratic operation of the recsiver,
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PARTS LIST
[ AT, CO.
SYMBOL {FIMNCTION DESCRIPTICH TYPK
C-1 Pilter Capacitor Blec., 500 mfd, 15 vdew E338-7
E-1  |Vibrapace Unit 6 V.D.C. Mallory Type VP554
r-1 Fuse 3 AG 20 Ampere 25 volt
L-1 f=volt Line Pilter 16 mierchenries,iron core SA: 869
S-1 6-volt Line Switch Toggle 5.P.5.T. 1230-2
V=l Rectifler Tube Type Ozla
W-1 6-volt Line Connector Two Contact SA:1999
Wa2 Interconnecting Cable One end terminated in four prong plug; 1
other in an octal plug
-1 Vibrator 6 v.D.C, Mallory Type 825C
X-1 Output Sockat Four Prong Female
L
Y-1 V-l
! i
A A ; .l i 1 |
GROUND  HOT | Lo |
} |
| i .
| ' '.L %u ‘I
g et fr—=-
J | (O ) E-1
— [a)
| BY "~lhoT
(] w-I
1 J
I L Tc-
' . —
1 : OUTPUT
| SOCKET L-4
X-1
Figure No, 16, Schematic Diagram, 6508 Vibrator Power Supply




