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Tuning Range 50-430 Kes., 480-35,000 Kes,, and 50,000-54,000 Kes,
Direct Frequency Reading Slide-Rule ial

Thirteen Tuning Bands Accurately Calibrated

Calibrated Bandspread for 6, 10-11, 15, 20, 40 and 80 meter Ama-

teur Bands
Double Conversion for image rejection up to 90 db. at 30 Me.

High Sensitivity — Exceptional Stability

Excellent Signal to Noise Ratio

Flexible Crystal Filter with Six Positions of Selectivity

Automatie, Adjustable Threshold, Double Action Noise Limiter
High-Fidelity, Push-I all Audio Amplifier

Provisions for mounting N.B.F.M. Adaptor and Crystal Calibrator
Units within Receiver

Temperature Compensation

Plug-In Coils for Efficiency and Flexibility

Built-In Power Suppl}'
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THE HRO-60 RADIO RECEIVER

SECTION 1. DESCRIPTION

1=1. GEXERAL

The HRO=60 is a deluxe radio receiver featuring performance and versatilicy. It uses eighteen bes inclad-
img a eecrifier, a voliage eegulatoe and a current regulacos tube. It consises of a highly selective superheteradyne
circuit for the reception of code and phone signals throughout the frequency ranges of %0 to 430 and 480 w 700D
kiloeyeles. Whes receiving phone of code signals in the range of 7,000 o 35,000 and 50,000 w 54,000 kilocycles
the receiver is antomatically switched to a double conversion supeebeterodyme circuit resultiag in cxcellent image
rejection. The HRD type receivers have long been outstanding and proven perforsers in Communication and Ama-
teuf services. This new series of HKD-80 receivers maintains all the desirable features of the previous models
lus many desirable innovations emanating feom the latest advanees in receiver circuitry and mechanical design.
It is housed in a cabinet styled in an attractive pray finish with a self-contained power supply adequarely isolared
feom the H.F, cireuits. A calibeared, illuminaced slide-rule dial provides direct reading in megacyeles loe each of
the Geneeal Coverage coll sets as well as an addicional bandspread scale for those coil sets incorporating this
feature. A front-panel mounted oscillator trimmer control 18 provided to assure precise calibeation. Of course, the
dial-deiving mechanism fearures che micrometer dial. Stable operation and freedom from deilt ase achieved by means
of ceramic insulation in the coil sets and brush boards, temperature compensation, voltage regalation and current
repualation of the oscillator and mixer circuits. A single front-pane]l mounted control switch selects any one of the
four modes of operation, C.¥., Phone, Narcow-dand FAL or Phono. Sockets are mounted on the recciver chassis
to accomodare the Nacional Type NFM-83-50 FM adaptor and the Natienal Type XCU=30-2 Cryseal Calibrator Unit.
Ihese accessories may be permanently insealled aad switched On and (MF by means of the [ronepanel switches.
At the rear of the receiver, sockets are available for external use af the National Type 30]-3 Select-O-Ject and
National Type 6505 vibrator Power Supply or battery power supply. A push-pull awdio system delivers the utmast
in audio frequency response and undistomed power cutpat from the buile-in owtput ransfoemer, Chher highlighes
include a sixsposition cryseal fileer, maximum bandspreading of the amatcur bands, a quick-acting bandspread
switch'and a dimmer control for the slidesrule dial apd S-mever lamps.

A standard equipment consists of a receiver, loudspeaker and coil sews A, B, © and I Coil ses E, F, G, H,
1. A&, AB, AC and AD may be obtained as desired. Accessories available include the National types NFM-83-50
Narcow-Band F.M. adaptor, XCU-50-2 Crystal Calibravoe, 30]-3 Selecr-0-] et and (6305 Vibeator Power Supply.

1=2. CIRCUIT

Foe all bur the frequency ranges above T megacycles the circuit utilizes two wned stages of mdio frequency
amplification, a tuned mixer stage, a high-frequency oscillator employing a tube separate from the mixee tube, a
firne inpeemediace frequency amplifier stage employing a variable-selectivity cryseal filver and wo additional LF.
amplifier stages all operating at 455 kiloeyeles, a combined second detector-automatic volume control stage, an
S.Meter amplifier, a double-action adjustable threshold double-diode aoise limitee, a first audic amplifier, a phase
inverter, a push-pull audio amplifier and a bear frequency oscillator coupled to the second degecros to provide for
LW, receprion.

When any of the coil sets covering a feequency range above 7 megacycles are plogged in, the autematic con-
verslon switch connects o second conversion stage ahead of the §55-kilocyele LF. amplifier. This consists of a
single tube functioning as & combined mixeroscillatoe. A frequency of 1990 kilocyeles 23 kilocycles is used as
thie first conversion frequency.

All voltages required by the receiver are supplied by a built-in power supply. A veliage regulacor mbe is
used to regulate the plate supply to the high-liequency cacillasor and the S-Mewer amplifier stages. ln addition,
& cureent regulator tube is used o stabilize the filamem volage of the high frequency oscillator and the mixer.

I=1. AMTENMNA INPUT
Antenma input terminals are provided ar the rear of the receiver. The inpuat cireuit is suitable for operation




with a single-wire antenna, a balanced feed line or a low impedance T2-ohm unbalanced concentrie transmission
cable. The accual antenna input impedance is berween 300 and G600 obms depending on the frequency of the nput
signal.

1-4. TUBE COMPLEMENT
The HRO-G0 peceiver is supplied complete with tabes which are tested in the receiver ar the time of alignment.

The tubes employed are as follows:

Fiese B F. Amplifier HEAG
Second R.F. Amplifice GOAL
Mixer GBEG g
High-Frequency Oscillatoe 64
Second High-Frequeacy Converter GBEG
First LF. Amplifier G5GT
Second LF. Amplifier G5GT
Third I.F. Amplifier G5GT
Seeond Deveceor - AV.C. EHEG
MNoise Limiter SHG
5-Meter Amplifier - Phase Inverter GENTGT
Firar A.F. Amplifier i
Audio Catpuz (2} GVOGT
fleat Frequency Dscillator L] g
Voluge Regulator OB2
Current Regulator 4H-4C
Rectifier AWAG

1=5. TUNING SYSTEM

The frequency range of the HRO-G0 is covered in thirteen bands as folloes:

COIL SET  GENERAL COVERAGE BANDSPREAD

A 14.0 - 30.0 Me. 270 = 30 Me.
B T0 = 144 Mc. 140 - 14.4 Me,
C L% = Tl Me 7.0 -+ T.3 Me
[ 1.7 = &0 Me. 3% = 400 M.
E 900 - 20%0 Kc,
F 480 - 960 Ke.
G 180 = 430 Kc.
H 100 - 200 Ke.
] S0 = 100 Ke.
Ad 7.0 - 30 Me.
AB 2% = 35 M.
AC 21.0 = 21.% Me.
AD 0 - %4 Me.

As shown above, plug-in coil set types AA, AC, AD, A, 8, C and D) provide bandspeead coverage of the 6,
10<11, 1%, 20, 40 and 80 mever amareur bands. The AA, AC, AD, B, C and D bands are spread out o as @ cover
400 dial divisions while the A band is spread 430 divisions on the 500-division main mwming dial. This is sccom
plished by switching a small vasiable capacitoe in series with each section of the main muning capacitor, thus re-
ducing its effective capacity range. All of the coil sets are factory aligned in the receiver using accurate crystal-
contralled test ascillames thus assuring precise alignment.

The micromecer tfpe dial diives the mais oning capacicor through a worm drive havisg a reduction ratio of
appreximately 20 w 1. Packlash is eliminated by the use of & spring-loaded split worm wheel which assures posi-
tve drive in either direction at all times, This dial has an effective scale lengh of approximately twelve feet and
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iz calibraged from zeco vo S04,

A slide-rule type dial is synchronized wich the micromeree dial by means of an anti-backlash gear and an ef-
ficient atring deive armngement, A dial drum provides a means of mownting eight scales. Each of these scales is
calibeated in megacycles for the general coverage and/or bandspread frequencics depeading on the coil set. Mount
ed on the kont panel is a band selector contel for ense in romting the dial drum to select the proper band scale w
correspond to the coil set in use. Each scale is cleacly marked wich the band designation. Two pilet lamps are
used, one af each end of che dinl scale drum, for illumination, The degeee of illumination is conrolled by the
fromt-panel mounted dimsser control.

1-f. CRYSTAL FILTER

The selectivity charactesisties of the IRO-G0 are made adjustable by means of a ceysoal filter. Located in
the fiest intermediace frequency amplifier this crysoml fileer is designed for extreme flexibility and efficiency of
operation, A siz-position Selectivity switch and a crysmal Phasing conwal are front-panel mounted for adjustment
of the filter. Figure Mamber 1 shows the selectivity characteristics of the receiver for each of the siv degrees of
selectiviey.

The cryseal filter may be used for either C.%W, or phone reception; any degree of selectivity from true single-
signal ta AM, broadcast reception being available. Operation of the Phasing contral provides for efficient sap-
pression of intecfesing C.W, signals or M.CW. signals which may produce ohjectionable heterodynes.
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Figare Noy 1. Crysml Fileer Selectivity Curves

1-7. NOISE LIMITER

The noise limiter in the HROS60 recelver uses an automaric type double-action circuic resulting in the limic
ing of neise pulses oa both the positive and pegative peaks. It is equally effective on hoth C.W, and phone ecep=
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tion. The usefulness of this limiter will be most appreciared on the higher frequency bands of the receiver wheee
aurcmobile ignition noise and other high frequency diswrbances are effectively suppeessed. A threshold contral
om the [ront panel permits adjustment of the level at which limiting action stacts.

1-8. TONE CONTROL

The Tome control circuic has been especially designed o allow variation of audic fESPOARE O FRTL mep-:l.-m
sequirements. [n the exmeme counterclockwise position with the ssdeeh Off maximum low frequency attenwation
accurs to afford improved intelligibility awhen using the crystal filter with sharp selectivity. When rotated clock-
wise uatil the switeh is just merned On the conteol provides a comparatively flat response over the entire usable
audio range. Further clockwise rotation will resualt in the high audio requencies being attenesated. If a sigoal is
weak and parally obscured by background noise of soaric, an improvement in readability will be ohmined by roaa-
ting the Tone control in a clockwise direction thereby anenuating the higher audio frequencies.
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Figure Mo, 2. Audio Amplifier Response

1-8. TEMPERATURE COMPENSATION

The HRO-G0 is compensated for frequency drift due 1o temperaruse changes which may detune the receiver
from the desieed signal over long or short periods of reception. The most objectonable cause of frequency drift
is the change of inductance of the high-frequency oscillator coil as beat from the tubes causes the interior of the
receiver to increase in femperature, This undesirable beatng eifect in the B.F. coils is minimized by the posi-
tion of the plug-in coil sers in chac they are placed at the bottom of the receiver undemeath the chassis ina

separately shielded compartment.

The coil set termina] connecting boards of each shielded coll can as well as their mating beush blocks have
been made of ceramic type mateelal. This results in improved stability due 1o the near zero temperature coeffici-
ent of this marerial, This will be found especially troe of the coils operating at the higher frequencies.

To further guarantes freedom from drift the place voleage of the high frequency oscillatce is regulated by the
OB2 VR pube and the heater carrent of the high frequency oscillator and the mizer ia stabilized by a type

HH-4C current regalator mbe.

1-10. SIGNAL STRENGTH METER

Signal input readings are indicated in S-units from 1 to 9 and in decibels above 50 from zero 40 db. on the
il




panel-mounted signal strength meter. A reading of 50 is chaised with an input signal of approximately 25 micro-
voles, The meter employs a zefo o 1 milliampese movement with its mechanical zero at 40 db. on the dial scale.
The 5Meeer is conmected in series with the plate input of the S-Meter Amplifier tube V-10A ood measures the place
current of this twbe, Wich the A.C. supply swicch On and the ANVC switch ser ar AVC, dhe S=Meter will cead
zero In the absence of signal input. A variable resistor is shunted across the meter and with no antenna connect-
ed this resistor allows correct adjustment of the pointer to its electrical zero. Any increase in AV.C. voltage
caused by signal inpar will give a cosrespondiag inceease in the merer reading. Ar the 40 db. mecer ceading dhe
ANC, grid voltage applied reaches the cut-off point of the amplifier tube. Therefore the pointer cannot be harmed
by viclent contact with the full-scale meeer pin. For the purpose of comparing serong signals (which cavse the
meter o contact the full-scale metee pin) with othee siroager and/or weaker sigaals the seasitvity of the SMerer
may be lowered by retarding the B.F. Gain contral. The meter dial lamp illumination is regulated by a Dimmer
control mounted on the froat panel of the receiver.

1=11. HARROW-BAND F.M, SOCKET

A standard oceal socket, X-1, is mounted inside the receiver on the center portion of the power aupply com-
partment chassis, It is designed to mount the National Type NFM-B83-50 MNarrow-Band F.ML adapsoc. A contrel
switch is front-pane] mounted to provide a means of switching the awdio signal voltage from the AM. detector 1o
the F.M, disceiminator. With the AV.C. swlich ser ar AV.C., che S-Meter is operative in the N.F.M. position and
the receiver should be tuned for maximes meter reading. Fusther laformation concerniag the NFM-83-50 unit is
contained in o separate dara sheer ar the rear of this manual.

1=12. CRYSTAL CALIBRATOR S0CEET

The Ceyaeal Calibeatos socker, X-2, is of the standard octal type mounted oa top of the power supply compare
ment chassis inside the receiver. It is designed o accommodate & Navional Mode] XCU-30-2 Crystal Calibrator.
The Model XCU=50-2 is compacily constructed and furnished with a drive serew clamping arrangement w hold it
firmly in place. A double-pole, three-position wgple type frone-panel mounted Calibrate switch marked 100-04f-
1000 provides a means of connecting B-plus to the unit for instantaneous use, Ag the same time, by using this
topple switch, & resonant ceystal-controlled frequency of either 100 oo 1000 kes. may be selected. The oucput of
this unit is coupled o the antenna input. Further information concerning the Model XCU«30-2 unit is covered by
a separate daca sheer included ar the rear of this manoal.

1=13. SELECT-O=-]JECT S0CKET

The Select-D-]ect sockee, X-3, iz a seandard octal eype socker accessible at the cear of the receiver, luis
primarily designed to accommodare o National Model 50]<3 Select-O=Ject wnir. The mating plug attached to the
S0]-3 permits a direct connection into this socket in place of the avdio jumper plug ceiginally plugged into the
Select-0-Ject socket. By proper adjustment of the controls any single audio frequency selected in che range of
approximately 80 o 10,000 cycles may be boosted or rejeceed. Derailed instructions for proper operation of the
Select-0-]ect are contained with the vair

Foe copvenience a soarce of 6,3 V. A.C, filament voltage and a 240 V.1LC, high voltage is available for
operation of exteenal apparanis, The Schematic diagram, Figure Number 14, shows & pin view of the Select-0-
Ject socket thus praviding the information necessary for making the proper connections, External equipment
MUST NOT be wtilized if the Nascow-Band F.M, adapror, Crystal Calibrator and Select=0-]ect units are all
operated ar the same time,

1-14. PHONO INPUT JACK

A Phono jack is mounted at the rear of the Recelver and ean be used for coanecting auxilary apparatus, such
as & record player pick-up into the sudic system of the receiver. This inpur circuit is of high-impedance provid-
ing a suitable match for such extersal equipment into the high-gain first audio amplifiec stage. The I',pmt-plrmi
mounted Conteel switch must be set at the Phono position when using the Phoso jack. Both the A.F, Gain and
Towe controls are operative with this type of operation.

The majocity of record player pick-ups are terminated in a single shiclded wire. The Phono jack oo the
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HAC-60 is the cype that accommodares a swandard phono tp plug and, if the record plaver to be used is not figted
with such a plug, one can easily be avtached, If the output circuit of the record player is of low impedance (less
than 100,000 obms) improved pecformance will be oheained if o soicable resiscor, with & valoe as specified for the
particulac secord player, is connected across she phono p plug o its mating jack w propesly load the record
'!:-Ll.:p:r output circuit. Conversely, a resistor of proper value mest be ased in series with recerd pj.“ﬂ whoae
impedance excecds $00,000 obma,

1-15. AUDMO OUTPUT

The HED=60 features a pu:h pull o l.m.p]jf'p:r l.L'l.in.'! inverse feed-back, See Fill.m: Moo ? for the awdio
system response characteristic, The matching transformer located inside the receiver provides two andio outpats
as follows:

(1} The transformer secondary leads are brought to a three-terminal Owtpat board located ae the teas of the re-
ceiver, baving both § and $00-ohm rerminals and a common ground rerminal. The eight-ohm terminal provides ouwt-
put for the speaker woice coil. The 500-shm terminal is available for connection 1o & $00-chm line. Approzimace-
Iy 8 wants of undistorted audio output power is available at the output terminal board and a mazimum pewer of 10
wates is obeainable,

{3 A headphoaes jack is froat-panel mounted and is wired 50 as o silence the londspeaker upon insertion of

the headphones plug. The headphones outpur load impedance is not critical and varying types of headphones may
be weed,including ceyvaral types, as no direct cartent flows through cthe headphones.

1-16. FOWER SUPPLY

The power supply is built in & separate compariment inside the receiver cabinet incorporating a shiclded
basrier isolating it from the R.F. chassis. [t is designed for operation from a 110/ 120 or 220/ 240 wolt, S0/60
eyele, AC. supply seuree. A roggle swirch is mounted on top of the chassis for selection of either 110/ 120 or
22/ 24l-valt operation. Normal power consumption is approximarely 113 watts. The built-in power unit supplies
all of the volmges required by the heater and B supply circuies, 5.4 amperes at £.3 volts and 145 milliamperes at
240 volts pespectively. In additics, this supply is also capable of firnishing all volmges required by the acces-
soties such as the NFM-83-30, XCU-%0-2 and 50]-3. A Z-ampere fuse is connected in one side of the A.C. input
sapply to protect the receiver cireuirs against possible voltage surges in the power line of shost circuits in the
geceiver. It is locaed at che rear of the pecelver and is easily removed for examination of teplacement.

A Power Socket, -4, is provided ar che rear of the receiver so that either a battery o vibeator power supply
may be utilized for portable or emergencyservice. The Natlenal Type 6505 Vibrator Power Supply is designed va
provide efficient operation of the receiver with the use of a (-volt storage bartery input, Further information con-
ceming the 6505 is contained at the eear of this manual.

1=-17. LOUDSPEAKER

The HRO-60TS or HAD-60RS loudspeakers in tble or rack mounting styles respectively are designed for use
with the receiver. These are both permanent-magnet type losdspeakers farnisbed with a shielded conmecting
cable from the B-obm voice coil for connection to the output terminal board locazed ar the rear of the receiver.
if desirable & 500-chs shielded line may be used from the receiver outpur ierminals o the speaker and/or exter-
nally operated equipment. In the event a dynamic type loudspeaker is used external means for supplying field
excitation voloage will be necessary.

A cabinet finished to match the receiver design houses the HRO-GOTS loudspeaker for able mounting. The
cabinet is lined with sound absorbent material to aveid mechanical resonance. .




SECTIOH 2. INSTALLATION

1=1. GEMERAL

All HRO-50 receivers are supplied with the following eight scales mounted on the slide-rule dial dram, ires-
pective of the type of coil sets ordered, A, B, C, I, E-F, A&, AB and AC. If a coil set or coil sets are crdered
with the receiver and the corresponding scale does not appear on the dial deam it will be fownd packed with the
coil set. The new scale is installed in place of any one of the unused scales previously mouwnted on the dial drum.
A Phillips head rype serew at one end and a speiag elip ot the other end of the seale hald i propesly in place.

The dum scales for the A, B, C and D coil sets are frequency calibeated in megacycles for both of the available
ranges i.e., Leneral Coverage and Dandspread. The E and F coil set ranges are on the same scale, while the re-
mainkng scales carcy just the one frequency range calibeated in megacyeles, Each scale is elearly marked wich
the band designation.

2=k LOCATIONS

The receiver should not be installed bn small, wnventilated of warm spaces. Wherever pessible placement
should be made to allow freedom of air circulation on all four sides. The loudspeaker may be located in any de-
sireable position although it is not recommended that ic be placed on top of the receiver as undesirable micro-
phonles may result. The lowdspeaker should act be placed acar cthe antenna verminals,

=3 ANTENNA RECOMMENDATIONS

The radio frequency inpuae of the receiver is designed for operation from either & single-wire antenna or other
types employing transmission lines having impedances of 70 ohms of more. There is an antenna rerminal panel at
the rear of che receives with theee screw-type terminals marked A, A and G respectively, A lisk is provided on dhe
antenna terminal panel w allow connection of & twe-wire or single-wire type antenna to the receiver.

For best impedance matching to the receiver inpat circuil an antenns with & 300 oo G00-ohe ransmission line
is gecommended, The antenna should be cut to the proper length for the most used frequency. The ancenos rans-
mission ling feeders should be connected o the vwo antenna terminals marked A; the grounding link is nor used.
It must be remembered, however, that an antenna insmllation of this type will have mazimus efficiency over o
band of frequencies near that frequency for which ir is designed and will be most useful in installaticns where
the seceiver is umed to one frequency or band of frequencies. For other frequencies, it would be desirable to coa-
nect the two cransmission line leads together ag the antenna terminal at the left of the anteana terminal panel,
grounding the other terminal by means of the link. The antenna is thus utilized as a single wire type.

The most practical antesna for uae in installatioas where the receiver is to be used over o wide range of fre-
guencies is the single-wire type. An antenna length of frem 0 w 100 feet is recommended. The anteana lead-in
should be conmected to the antenna rerminal marked A at the lefe of the anteana reeminal panel; the other terminal
marked A should ke grounded by means of che link,

When a doublet is used, the antenna feeders or balanced wansmission line are connected to the two terminils
marked A, The grounding link is not used.

The inner conductor of a concentrle transmission line should be connected to the terminal marked A at the
lefe af the ancenna reeminal panel. The outer conductor should be connected to the other terminal marked A and
grounded by means of the link to G,

In an installation where the receiver is to be used as the receiving unit in a wansmitting staticn the most ef-
ficient operation will result from use of the ransmitting antenna as receiving antenna alse. This is especially
true if the transmitting anteana fa of the multi-element, directional type singe the same antenna gain is available
far both receiving and transmitting - a very desirable condition. For switching the antenna feom che receiver to
transmitter, an antennn change-over relay should be used. A double-pole, double-throw relay possessing good
high-frequency insulatlon is suitable. A second relay and a theee position switch may be used to control the
transmiteer plate supply and the receiver B+ clrcuits. This second relay may be a single-pole, single-throw type
having o8¢ normally open paic of contcts. The schematic diagram of this gpe of control circuis is showa in
Figaee 3. With %1 in the receive position the aptenna wansmission line is connected o the receiver by contaers
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2, 3, 5 and 6 on celay RY-1; the B+ cireuic of the receiver is completed by the switeh. [The method of connect-
ing the switch to the BSW terminals is given in paragraph 3=1). With the switch in the transmit position RY-1
contacts 1, 3, 4 and & are closed transferving the anteana transmission line to the transmitter; conmets 7 and 8

of relay RY-2 close to complete the plate supply ciccuit to the transmirter, Conences 7 and 8 of relay RY-2

should be in series with the primacy of the transmiter plate supply wansfocmer, Thus, the staticn is in the receiv-
ing conditdon with switch 5-1 in the receive position and in the transmitting condition with 51 in the ranssit
position. With 5-1 in the mid-pesition the receiver B+ circuit and wansminer place supply ciceuit are both open
thus permitting coil set changing in the receiver and cransmirces,

NOTE

The high-frequency oscillatos, C.%. oscillatsr, 5-Meter
amplifier and the pushepull sudio ouepur amplifier are
not affected by the external relay conaection o the
B.5.%, erminal board, Unless the A.C, Da-00 switch
iz se at (MF these clecults will obtain an wninterrupred

B-plus supply.
2= A.C. OPERATION
After unpacking the HRO-60 receiver and associared equipment proceed as follows: -
(1} Make sure that all tabes are fiemly seated in their sockets and mbe clamps are propecly in place.

(2) Make sure the plug-in coil set used in the eeceiver is firmly in position by pressing down the lever rype
handles on the front panel to their maxisum vertical position.
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Figure Mo. 3. Typical Antennn Swicching System

{3) Comnect the antenna as recommended in Section 2=1.

{4) Connect the loudspeaker cable to the Dutpur verminal board at the rear of the receiver. This is accom-
plished by connecting the outer shield lead o the common terminal and the other to the B-che reeminal, A 500-
obim terminal iz also available oa the Dutput terminal board in cases wheee a 500-chm lae s wellized foe load-
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speaker conaection,

{5) Coanece the ceceiver AC, line cord to the proper source of volage, The primary switch, 510, must be
st ot the position conespoading to the line voltage to be used be., 1104120 ar 220/ 240 voles, 30760 cps,

(G} Set che controls as recommended in Section 3 for reception of signals,

NOTE
Where the ceceiver is located in the R.F, field of &
relatively powerful transmitter, it is advisable o
provide some means of peeventing damage tw che re-
ceiver .F, eoil. A normally open SPST relay should
be mounted at the back of the receiver adjacent to
the antenna terminals and its contncts connecred
across the terminals, The relay coil shoald be con-
accted across the ransmitter plate primary so thar
when the transmitter is energized the antenna ter-
minals are shoreed,

2=5% BATTERY OPERATION

The HRO=G0 is ceadily adapiable for emergency, portable operation or operation in localities where a 115 or
230-volt A.C. power sowrce is not available, It may be operated directly from barteries or & National Type 6505
Vibrator Power Supply designed for opecaton from a G-volt storage battery. The type 6505 power unit draws 9.9
amperes af f-volts when fumishing power to the receiver if the Narow-Band F.M. Adapror, Crysal Calibeator and
Select-0-Ject units are not used. [f these plug-in units are wiilized typical operating conditions and power con-
sumption data will be found in Section 6.

HNOTE

Then operating from either battery or vibeacos supply
thie 4H-4C cuteene r:p.ihpn: tube musg be removed, o
pievent uanecessary battery drain.

The Schematie Diagram, Flgare Mumber 14, illustrates pin connections of the receiver Power Socket X-4.
This provides the information necessary forwiring the oceal oype bamery plug which is vsed in place of the regus
lar A.C. jumper plag. To conserve battery power the battery plug must be disconnected when the receiver is not
being used. For standby operation in all cases, it is recommended that a switch be placed in che bageey Beplus
lead as che Bplus switch ia the receiver docs mot open the Beplus cltcuit supplying the high-lrequency oscillater
C.%, pecillator, 5-Meter Amplifier or the push-pull audio cutpur whbes. A suggested refinement is to include a
switch in the A.vplu.-l input lead so thar the rube hearers may ke murned off when the receiver is mot in use without
the necessity of removing the battery plug from the Power socker. Whea using vibeatos supply 6505 the swicch
mounted on the power supply may be used,

=t ACCESSORY SOCKETS

Three octal eype sockecs are available for additional accessories as follows:

(1} A M.B. F.M. sacket, X-1, ix mounted oa top of the chassis inside the power supply comparrmens. A
National Type NFM-83-50 Narrow-Band F.M. adapeer is desigaed to fit into this socket and is supplied with a
mounting bracket and drive screws to bold it fiemly in place. The frome panel mounted concrol switch, 57, pro-
vides a means of switching the MFM-B3-50 unit into instant service as required.

(2} A Crystal Calibrator socket, X-2, is top chassis mounted in the power compartment. This sccket is
wired 1o accommodate a National plug=in Type XCU-50-2 Crystal Calibeator unit. A slotted head screw arrange-
ment bolts the unit firmly in place. The front panel Calibrate switch provides a means of applying B-plus o the
uait a3 well as che selection of eicher a 100 or 1000 ke, marker signal.

==
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{3} A Selece-0-Ject socker, X-3, of the standard octal type is mounted 8o as o be accessible from the rear
of the receiver, This socket is designed primarily for the use of a Natlonal Model 50]-3 Select-D-Ject unle. The
50]-3 is fivted with an interconnecting cable and plug for direct connection to the Select-0-Ject socket.

Reference to the Schematie Diagram will show the various comnections made to the socket if it is desired to
use the voltages available for accessories other than the Selece-O-Ject. It will be noted thar B+ (240 V.DLC)
and filament voltages are available. There is a definite limitation on the drain permissible at this socket, The
tetnl permissible deain (if the NFM-83-50, XCU-50-2 and 503 are not used) is 1.6 amps ac 6.3 V.AC., 10 milli-
amperes ot 240 V.IDLC.

X-3 d=l
X-4 SELECT-O-JECT PHOND
POWER SOCKET SOCKET INFUT JACK

E-2 E-l E3
F-l BESW ANTENNA  AUDIO OUTPUT
AC LINE FUSE  TERMINAL TERMINAL TERMMAL
PANEL PANEL PAMEL

Figueee No. 4. Rear View of Receiver

SECTION 3. OPERATION

3=1. CONTROLS

All controls are identified by front-panel markings for ease of ideatilication. The controls are located in a
symmetrical manner and are arranged for ease of operation,

The main tuning HEOQ type micromerer dial is arranged so that the frequency 1o which the receiver tunes in-
creases as the dial reading increasea, The slide-rule dial pointer mechanism is synchronized with the main tun-
ing dial using an anti-backlash geas plus an efficient swing-drive arangement to provide an accarate relaticaship
bertween the main tuning dial and the direct frequency calibrated scales on the slide-rule drum assembly. Froat-
panel mounted Is a Band selector control for rotating the proper scale into place for the coll set o be used.

The R.F, Gain control serves to adjust the amplification of the second R.F., first; second and thied LF, am-
plifies stages. Mazimum sensitiviry is obmined by rotating the comeral knob to the exmreme clockwise position
{10 on its circular sealed, At the extreme clockwise position all mabes are operating at mazimum gain with mini-
mum bins, As the control is rotated counter-clockwise, increasing bias is applied to the cathodes of the second
R.F., firat, second and third LF, tabes, thus ceducing dhelr amplificasion,
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The A.C. On-Of switch is associated with the A.F, Gain control and A.C. power is tarned on as the A.F.
Gain control is advanced lvom A.C, OFf to zero on its scale,

The B+ On-04f swirch is connecred in the positive lead of the power supply circuir and ixs purpose is o dis-
coanect the Bplus durlag periods of mansmission or WHEN CHANGING COIL SETS. This last fuaction is impore-
snt. The B+ circuits are completed when the switch is set at On. However, the D-plus circuits of the high-fre-
quency oscillator, SMeter amplifier, C.%. oscillator and push-puall nudio owtpat tubes remain On at all dmes re-
gardless of the pesitien of the B+ On-Off switch providiag che AT, OO swicch is set at Un.

Mounted at the rear of the chassis is a three conpector terminal board marked B.5.W. This allows relay coo-
trol of the receiver by either of two methods, As shipped from the fncoory a jumper is connected betwesn tesmi-
pals 2 and 3. A relay coonected berween terminals 1 and 2 and energized by the station waasmit-receive switch
will tata the receiver B+ on and off provided the receiver Br switch is in the OFF positioa. In cther words the
relay coatacts are connected in parallel with the B+ switch. The relay may be conaected in series with the switch
by removing the jumper berween terminals 2 and 3mnd connecting the relay contacts o reeminals 2 and 3. The re-
lay then controls the receiver when the B+ switch is in the ON position. The B.S.W. panel is covered by a mesal
shield to prevent accidenml contact with the terminals by the operator. Two alats are provided in this shield o
being out wires to connect to the relay. Care should be taken thar these wires for external connection do not
short to the B.5.%, shield,

The Phasing control and Selectivity switch are pare of the crysual filter. When the Selectivity switch is set
at Off the crystal is switched out of the circuit, With the crystal switched out the Phasing control bas no influ=
ence on receiver performance. With the Selectivity switch set at any point between | and 5, inclusive, the crystal
tilter is in operation, selectivity increasing as the switch is progressively advanced o pesition 5. The Phasing
control is then used to balance the crystal beldge cirenit and eliminace interfering signals of herercdynes. It 1s
recommended thar the Tone control be rotated counter-clockwise until the swirch is nwoed Dff. This will provide
optimam reception of the high audio frequencies when using the crystal fileer for AM. receptica. The resultnt
boost of the higher frequencies tends o compensate for the side band cutting actionof the crystal filer.

The C.W, oscillamor is nwned on by seeting the front-panel mounted Control swivch ar the C.W. positien. The
C.W.0, control provides & vernier tuning adjustment for the C.¥, cscillator tansformer. Ihis oscillater is used
to produce an audible beat note when receiving W, signals o to lecare the carrier of a weak phone station.
With the Control awirch set at the C.W, position, B-plus is applied to the C.W. eacillator tube providing a consiant
Beplus supply regardless of the B+ Dn-Off switeh secting o the B3V, external control devices. Mormally the
. W.0. contral is set at pero, however by romting it eicher o the right of lefe of zero the opemtor can select an
audie tone suitable to the ear, or he may set the control for best reception. The C.¥. code characters are made
audible through the heterodyning action of the C.W, escillator with thar of the incoming signal. Care should be
taken fo retard the B.F. Gain control to & point where the ceceiver does not overload.

MITER B&KD ORILLATOR
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[XA e ] [LE]
(=g -
AL IBRATE
AT B+
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Figure No. 5. Front View of Receiver
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The Limiter control serves to switch on the limiter and, following this, to adjust the threshold at which
limiting nction smrets. With the Limiter control twrned on [at positioa 0 on the dial scale) limiting nction automas
tically kes place ar a relaively bigh percentage modulation. Romiing the control clockwise progressively
lowers the threshold, or percentage modulation, at which limiting action scacts until maximum clipping is achiewed
at 10, This limirer is double-acting in that limiting is accomplished by clipping of both positive and negative
peaks. Limitiag scdon ls equally effective for both phone or C.¥. recepeion.

The Tone contrel is wsed o vary the audio frequency characteristic of the apdio system. A switch mounted on
the contol is mwmed Off by sazisus cosmerclockwise romtion of the control and provides maximuem low frequency
attenuation, Rotaring the conmrol just enough to nen the switch On provides a comparatively flat response over
the entire usable audio frequency range. Roeating the control further in m clockwise direction will areenuate the
bigh audio frequencies affording an improvement in readabiliy when the signal is weak and partially obscuared by
background moise. Excessive atenuation of these frequencies, however, may cesult in an impairment of A.M,
speech intelligibility. When receiving C.W. signals it will be possible to advance the Tone coatol considerably
further than is possible in AM, reception since audio fidelity is relatively unimporamse,

The AV.C. switch is & two-position toggle marked AV.C.-Df. The sutomatic volume control circuits are
operative with the toggle switch in the A.V.C. or upper position.

The A.F. Gain control adjusts the volume level of the signal at both the Phooes jack and loudspeaker cermi-
mals, Clockwise rotation of this control increases the signal applied o the grid of the first audic er tabe,
The A.F. Gain coatrol is operative when s aodie signal is applied to the Phoao inpat jack with the Cogtrol
switch ser at the Phono position. }

A Bandspeead switch is sounted oo the A, B, C and D coil sets. laspection of the coil set ceramic terminal
panel will show a silver-plated spring metal serip with a slotted center screw. Four silver-plated contacts are
provided on the terminal panels; rwo for each rype of reception i.e., General Coverage of Bandspread. The metal
sirip may be turned either to the right o left theeeby selecting the type of reception required. A speiag tension
detent arrangement provides for proper placement and a firm couble-free elecwical contact in each position. It is
only necessary to switch this from the right to the left hand side ro change from General Coverage to Bandspread.
The lower calibeated scale on the slide rule dial is used when operating in the Bandspread positon. A typical
coil set showing adjusment locations is illustrated in Figure Number 7 contained in Section 4.

The Ant. Trim. control operates a tunlng capaciter which is coanected across the first B.F, nmplifier sectioa
of the main tuning capacitee, This rimmer control is used to tane the fiesr B.F. amplifier stage propeely uader a
wide variety of antenna loading conditons over the entire frequency range of the receiver,

The Dimmer contrel is o variable resistor actuated by a front-panel mounted kaob, It is connecied in series
with one of the filament supply wieea to the 5-Meter and slide-rule dial pilor lamps and furnishes a means of vary-
ing the degree of illumination as desired by the operator.

The froat-panel mounted Oxe. wrimmer conrol drives a variable air capacitor connected in pasalle] with the
oscillazor main runing capacitor, Assuming that the receiver is properly aligned this compensating trimmer may be
used for minos calibration adjustments. Calibration can be checked by the use of accurate eryswub-controlled
test oscillagors o by using che National Model XCL-50-2 Crystal Calibrator. Use of the Osc. rimmer should not
be attempted untll the receiver has had & wars-up peried of ar least five minutes.

A four-position Control switch is mounted oa dhe front panel of the receiver. In the C.W. position, the C.¥,
oacillator is placed in operation. The A.M, position provides normal recepticn of phone o beoadcast sigoals. In
the N.F.M, position the reception of narrow-band F.M, sigoals is possible provided a National Type NFM-83-50
adaptor is plugged into the N.B.F.M. socket. With the Control switch in this position the adapeor is :mtbfd
between the output of the intermediate amplificr and the input of the audio system. When the conmol switch is
set in the Phono position, the Phono jack is connected o the input of the audio amplifier. In the Phoao posi-
tion all of the receiver circuits except the audio system are rendered inoperative. The AJF. Gain and Tose con-
trols remain operative. If it is so desired the record player may remain connected to the receiver and normal re-
ctiving operation resumed by serting the Coawol switch to any of the other positions.

=12=
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3=, PHONE RECEPTION

Afeer the HRO-80 is properly Inscalled as cudined in Secdion 2, ir is placed in operation by the following ad-
jusEmen ta

1. Set the Coatrol switch st AJM.

2. Set the AV.C. switch at A V.C,

3. Sec the Selecdvicy switeh ar OFf.

4. Set the Phasing control at zem.

%: Set the Limiter control at OfF.,

G, Set the B.F. Gala central az 10,

7. Check the position of the (ac. wimmer control podater. It is aligaed ar the facrory so thar peoper cali-
beation is obtained with the pointer in a vertical position with the arrow head uppermost.

8. Tuarn the A.C.-On-0Ml awitch mounted on che AF, Gain control to On ie., zero ca the dial scale.

9, Set the receiver B+ switch at On.

10, Adjust the Band control 1o select the scale corresponding to the plug-in coil set in use.

11. Tum the AJF. Gain contel w che position giving the desired audio volume.

12 Adjust che Ant Trim, coatrol for & maximoam S5-Meter reading after the desired scation has been selecied.
Aleernazely in the absence of a sigaal the Amt. Trim. control may be set for maximum receiver background solse,

13. Tuwrn the Tone contol to & position giving the desired audio cutput respoase.

The receiver is now adjusted for the reception of phone signals and will mene @ de frequency comesponding
to the plug=in coil set in use and che secting of the main rning dial. 1f a dualcoverage plug-in coil set is used
the position of the Bandepread switch, as previously described in paragraph 1 of this secdon, will determine the
frequency coverage Le., Geoeral Coverage or Dandspread,

The settings given above are for the reception of signals of average strength. Ezceprionally strong or weak
signals may require modification of the above settings. The operator must remember thar automatic volome con-
trol action will be restricted unless the FLF. Gain conrol is fully advanced, Audio output should be adjusted
entrely by means of the A.F. Gain contral.

Various types of interlerence which may be encountered due to adverse receiviog conditions can be minimiz-
ed by otilization of the following controls in the manner described.

Moise Limiter = When a signal is accompanied by soutic peaks or noise pulses of high nvensity and shoe
duration, the best signal-w-noise miio will be obtnined by tuming On the Limitee conmel. In ‘lﬂl‘tllq it will be
found that taming the Limiter control Oa to 0 on the dial scale will effectively minimize interference caused by
external nolse pulses. In cases where the noise pulses are extremely pronounced a higher degree of noise sap-
pression will be realized by advancing the Limiter control o a higher dial setting.

Tone contral = An improvement in signal-to-noise ratlo can be realized by seniag the Tone control to attenu
ate the high audio frequencies. When receiving weak signals which are partially chacured by background noise
of statie am improvement in reception will be noticed by rotating the Tone control in a clockwise mannee. How-
ever, too diach attensation of the high audia frequencies may impair the ineelligibilicy of speech.

Selectivicy and Phasing = The selectivity of the receiver is adjusied by means of the crystal filser Selecci-
vity switch. The normal seming of the Selectivity switch in phose of broadcast reception is at one of the posi-
tioas affceding broad selectivity, Poaitlons marked OH, | o 2 are recommended. Selectivity may be progressive-
Iy iscreased by roraing the Selectivity switch to position 3, 4 or 3. Increasing selectivigy will reaulr in the
attenuation of the higher andio frequency tnes of the signal as well as sharpee uning. If the selecrivity ia in-
ereased wo much, these higher frequency andle tenes will be arrenuated to such an extent that phoae or broad-
cast signals may become unincelligible due to excessive side-band cunting. The Phasing control is past of e
eryntal filver and is nsed to eliminate or amenuate interfering heterodynes. The Phasing control is inoperative
with the Selectivicy switch set in the OH position but is operative in all other settings. The normal sering of
the Phasing control with the crystal filter On (L.e., the Selectivity switch set at 1, 2, 3, 4 or 5) in phone recep-
gion is at zeco on (s scale, If, afeer o desired signal has been msed in, an interfering signal causes a betero-
dyne or whistle the Phasing control should be adjusted uatil this interlecence is reduced to a minimum. The set-
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ting of the Phasing cootrol should be that which provides a maximem afteoustion of the objecticnable hetero-
dyne. If the heterodyae is below 1,000 cycles the optimus Phasing control serting will be sear either one or
the other end of the dial scale, depending upon whedser the interferiog sigoal bas a higher or lower frequency
than the desired signal.

3=3 C.W. RECEFTION

The inivial adjestment of the receiver conmols for C.W, reception is the same as given in Sectlon 3=2 excepr
that the Control switch must be set at C.W. The C.W, oscillator should be ser at zero and the A.F. Gain well ad-
vanced.

The audio level of the receiver should be adjesved by means of the R.F. Gain control, caze being taben not
to advance the control w the poist where stong signals will canse LF, or audic amplifier oveelond, as indicaced
by excessive chumping.

For the reception of C.W, signals the action of the cryswml fileer is similar v that for phone reception except
that full use of the sharp selectivity positon may be used withous the loas of intelligibility experieaced in phone
reception. When maxisum sclectivity is used, (Selectivity switch at pesition 5) care must be exercised since
tuning is wery critical. When the receiver is slowly runed acroas the carrier of the received signal the bear-note
produced will be very sbarply peaked in output ar & particalar sudio pitch. This peak in respoase indicaves the
comect peceiver dial setting, The serting of the CW.0. conatrel mast be such that the bear-note peak is well wide
in the andible range #o that the receiver peak respoase may be readily observed, A CW.0. dial serting near zeco
is recommended. After che recelver has been cotrectly funed, the piich of the beat-note peak may be adjusted by
means of the C.%.0. conwol to provide an sudic one which s pleasing to copy of coincides with any response
peaks in the speaker or headphones. Under these conditions the receiver will exhibie pronounced single-sigmal
properties which may be demonstrared by tuning the receiver to the other side of "zero-beat’ so dhar the pitch is
the same as before and cbaerve the marked reduceion in output.  This dial setting is not recommended for use
other than to demonstrase the single-signal properties of the receiver, With the receiver muned o ‘crystal peak’,
an interfering signal may be attenuated by proper secting of the Phasiag conwol since this control has lirle ef-
fect on the desired signal.

Similas to phone reception the Limiter conmal can be used to great advaange in C.W, reception for the re-
duction of interfesence due to excernal noise pulses. For C.W, teception, bowever, the Limiter conmol may be
set at o well advanced position oo the dial scale as excessive clipping of the modulation peaks will not be ex-
perienced as might be the case in phone reception, Also the Tone conwel may be advanced considerably further
for C.%. reception since madio fidelity is relntively uaimportant,

J=§. H.B.F.M. OPERATION

The HRO-60 recelver is adaptable for Narvow-Band FM, reception by utilizing a Natioanl Type NFM-83-50
Narrow-Band F,M, adaptor, O'perating instroctions as given in paragmph 3-2 of this section are applicable for
the reception of narrow-band F.M. signals except that the control switch must be set at N.F.M. It is recommend-
ed when the operator is scanning a band for sigoals that the control switch is set ar AM. An F.M. slgnal is in-
dicated by the presence of an sudio sull in the cenmr of the sigaal carvier. When an F.M. signal is encouatered
the Control switch should then be set at N.F.M. and with the A.V.C. switch set at A.V.C. the signal tuned for
maximam S=Meter rending.

NOTE

The pass band of the NFM-83-50 is sufficiencdy
wide to accomodate aoy narrow band FM signal
20 long s the ransmittes In beld within recom=
mended deviatlon limits, [f excessive peak de-
viathon occurs at the wansmitter discoetion will
reault in the receiver when the adaptor Is in use
even though the signal appears undistorted when
using A.M. slope detection
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3-5%. MEASUREMENT OF SIGNAL STRENGTH

Extremely high gain bas been incorporated within the HRO-60 o inswre optimum sensitivity over a wide range
of operating coadidoas, This additeaal galn cesules in higher then normal 5-Meter eadiogs when the convention-
al method of control adjustment is used Very accurate signal strength measurements may be ob@ined by the fol-
lowing procedure:

1. Set the R.F. Galn contol ar 10, the Contol awitch at AM. end the AY.C-0FF switeh ar AVC

1. Ser the Selectivicy switch at Off and the Phasing contmol at zero. TheLimiter, Tooe and A.F. Gain con-
wols do net affect the S-Meter reading.

3. Tume the receiver off the sigaal so that the S-Meter Is reading caly background noise.

4. Retard the R.F. Gain control oatll the metsr reads S-1.,

Tune in the desired signal and the 5-Meter will indicate the exact streagth of the received signal in S-units
from 1 to § o in decibels above the 59 level rom zerm w 40 db. These readings will remain accwate untl he
R.F. Galn control is moved or & diffecent coll ser plugged in,

The S-Meter circait compeasator requires adjustment oaly when it is impossible © obmin & zero ceading wids
oo aotenna connected and the BL.F, Gain ar zers, See Section 4=7 for adjustment procedure.

Design of the S-Meter actuating circuit is such that a signal stroager than 40 db. above 59 cannot cause the
meter pointer to come into violent contace with the fall-scale meter stop pin thus preventing the pessible beading
of the meter poiatet.

Measurements of the signal streogth of C. W, signals cannot be made with the C.¥. cscillavoe in operation.

With the receiver A.C.-On-0df switch ser ar O the meter pointer will retwrn o its sechanical xevo located on
the right hand oe 40 db, end of the meter.

SECTION 4. ALIGHMMENT DATA
4=L GENERAL

All circuits in the HRO-G0 receiver are carefully aligned before shipment uslag precision test equipment in-
suring accurate conformabilicy to the alignment frequency. No realignment of the varicus adjusiments will be re-
quired unlass the receiver is tampered with or component parts or tube replacements have been necessary.

A definite need for realignment can be determined by checking the performance of the receiver agninst its
normal operation as outlined in Secton 3. A simple check to assure the need of realigament of the L.F. Amplifier
is provided in paragraph 4=2 of this section. o so case should realignment be attempted unless tests indicate
that such realignment is necessary. Even then it mast be remembered thar the HRO-G0 is a communications e
eeiver and should not be serviced or realigned by any individual who does not have s complers understanding of
the functioning of the equipment and who has ot had previous experience adjusting receivers of this oype.

Complere alignment of the receiver can be divided into four steps as follows:

ia} Imtermediate Frequency Amplifier aligoment including crystl filter adjesementa.
(k) Second Coaverslon Circulr Alighment.

(¢} General Coverage Alignment.

i{d} Bandspread Alignment.

All circuits must be tuned in the above order when complete alignment is required. All alignment adjusmencs
and controls are shown on Figwes &, 7 and 10b.

d=1 LF. AMPLIFIER ALIGNMENT
The second intermedlate frequency of the HRO-6D is 455 kilocycles plus or minus 2 kilocycles. The ezact
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Figare MNo. 6. Top View of Receiver

frequency is decermined by the quarez crysml resonaror, Y-1, used in the crystal fileer. Variable gimmer capaci-
tors and variable iroo-core inductoes are wsed o effect alignment. These adjustments are located on Figures 6
and 10b.

The peeliminary alignment procedwe is as follows:

{1} Plug in dhe I pange coil-set.

(2) Connect the high ourpur lead of an accurately calibrated signal generaror w the smroe of dve mizer see-
tion of the main uning capacitor, C-5C. and the ground lead 1o the capacitor frame,

(3) Coanect sn outpat meter having an B o 500 ohm resistive load to the marching output terminals on the
ceceiver, As an alieraacive a high-impedance AC. voltmeter may be conneceed o the phones jack.

{4} 5er the Control switch ar C.W.

(5 Set the AV.C. swicch at Off.

{6) Ser the Phasing coawral at zero.

{7h Set the Selectivity switch at 5.

(8) Set the AF. Gain eontrol ar 10,

(% Secche R.F. Gain control at 9.

{10} Twn the modulation of the signal geneeatcr off 1o provide a steady C.%, test signal taned to approxi-
mately 459 kilocycles,

Adjust the output attenuator of the signal gpeserator w provide a signal of approximarely 100 microvolts. The
C¥.0. control must be ser o provide an asdio beat-sote at some frequency between 400 and 1000 cycles pec
second. The presence of this beat note can readily be determined by temporarily connecting headphones cra
loudspeaker to the receiver, If difficulty is encountered in obmining such a bear note an adjustment of te C.9.0,
induector Le-16 must be made,

Wary the tuning contrel of the signal generater very slowly berween the frequencies of 453 and 457 kilocycles.
At one frequency berween these limita the LL.F. amplifier of the receiver will show a very definite sharply peaked
tesponse 48 indicated o the output meter. This frequency is thar of ceyacal ¥-1, and LF. alignment is made at
this Fequency.

=l
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A simple check of this [requency setting would be o adjuse the CW.0. conal watll & polat is found where
the predominant pitch of the background noise is lowest and a distinet crystal riag is heard. Note this sefting of
the C.%.0, control. Discosnece dve cryseal fileer from the circuit by turning the Selectivity switch to the DE
posltion. Omce moce adjust the C.W.0. control for the lowest predominant plich of background nolse and note che
setting. If the I.F. amplifier is correctly aligned to the crystal frequency the C.%.0. conteol setting will be the
same for both teate outlined above.

While making I.F. amplifier adjustseats it will be pecessary to tetind the atteouator of the signal geneoator if
LF. asmplifier gain increascs to & polat where overlosd ecours. Without aleecing the frequency secting of the signal
generator, set the Selectiviey switch ac OFf, the Control switch at A.M. and turn the modulation of the signal gener-
ator On, Induceors L-2 through L-11 should at this point ench be carefully adjusted to give & mazimums reading
on the output meter. The oeder in which these adjusiments are performed is nor impoctant.

Upon completion of the above adjustments set the Selectivity switch at 1. Ser the frequency of the signal
geaceatos I kilecyeles higher and adjast che cryaral floer nducest L-13 for & saximum sutpur meter Indicaion.
After making this adjustment set the selectivity control mt Off and retwrn the signal genemtor to the exact crystal
frequeney (2 kilocyeles lowee]. Tume the Selectivity compensating mimmer capacior C-38 for & maximes reading
of the output meter.

The Phasiag control as set at che factory should need oo further arentioa. Whea comectly set a peedominant
decrease in background level will be found with the Selectivity switch at position % and the Phasing coatoal at
zero, This same aull polor should be found by cotating the Phasing control exacdy 180 degrees. If not, a slight
adjustment of the phase balancing capacitor C-38 will peowide dhe proper seming.

Tura the modulation of de algnal gocrator O and aer die Conmrol switch ar CW, Set die C¥.0, control ©
zero beat with the signal geoerator signal. If zero beat does not ocour at 0 on the contrel dial casdhally readjust
inductor L-16 of the C.W, oscillator rrans former T-11.

d=3. SECOND CONVERSION CIRCUIT ALIGNMENT

The first LF. frequency of the HRO=00 when esing double conversion is 1990 kilocycles plus or minus 3 kilo-
cycles. The coreect alignment procedure is s follows:

1. Leave the signal generator connected to the mizer section of the malag capaciwe and the output meter
coanceied o the ouiput terminals of the receiver as in paragraph 4-1,

2. Set the Coatrol switch at A.ML

3, Set the AY.C switch at Off,

4. Set the Phasing contral ag xera.

5. Set the Selectivicy switch at OfLL

6. Set the AF, Gain control at 10.

7. Sec che FLF. Galn control ax 9.

B. Turn the modulation of the sigaal generator on o provide a modulaced test signal funed to exacdy 1990
kilocycles.

9. Plug in the B raage coll see.

1. Adjust L-17 for a distinct peak as indicated on the outpue meter. [ L-17 is badly misaligned spurious
slgnals will be found lo additicn to the deaired signal. The proper tuning point will give & peak reading of much
higher value than will the incorrect coil settings and is ensily deteemined.

11. Adjust L-18 and L-19 for maxisues reading of the output meter.

HOTE

A comparisoa of the output meter readings mken
in Parsgraph §—3 with those of Paragraph 4=2
will show a much lower output level foe che
double conversion set-up. This is dee = te
shunting eflect of the Br-range coil vpon the sig-
aal genetitor outpat and kn oo way indicates a

-17-

19



loss of sage guin. The method for obtining
stage gain measurements is discussed in

Paragraph 5-3.
d=4. GENERAL COVERAGE ALIGNMENT

The data glven la this sectloa applies to the General Coverage alignment of the H.F. osclllator and R.F. as-
plifier stages of all coil sets. The original alignment at the Mational Laboratories is accomplished by the use of
peecision, crystal-controlled vear oacillators, Mo malignment should be atrempred unless a celiable st signal
source is available. In the case of Geneml Covermpe H.F. oacillator alignment, a test signal source with an accur-
ncy of 0. 1% or bewet is required. For Basdspread alignment the calibration accuncy demands ‘that the test signal
sgurce bave the accuracy of precision-calibrarted cryamla, The eate mage of tear frequencics required may be ob-
tainied by the use of alne crystals operating at their fundasental and hasmonde frequenches. The kequency of these
crystals is as follows: 0.0%, 0.1, L0, 2.0, 3.5, 3.0, 6.8, 7.0, 7.3, 9, 14.4, 15 and 16 megacycles.

I mn XCU-50-2 eryscal calibrages iz inntmlled in che HRO-50 ar chin cime it will provide an excellent means of
checking the calibration st 100 ke. or 1000 ke. points.

The meed for realigament of the H.F. cacillator of any band is indicated when the frequency calibeation of the
receiver dial is in error by more than 1% st the high freqoency end of the band in question. If it is determined thae
realignment is necessary proceed as follows:

(1) Connect mn cagpue meter o the receiver as described in paragmph §=2 of this section and discoanect te
Ambenn,

() Set the Control switch az AM.

(3 Ser e AV.C. awirch ar DI

(4) Set the Selectivity switch ae 0L

(%) Set the R.F, Guin control at 10.

(6) Serthe Bandspread switches in the Geneml Coverage position.

(7) Sec dhe AF, Galo control wo provide s suitable catput level

(8) Check the positlon of the Anc. Trim. and Osc. immer controls. Alignmenat should be made wich both of
ihe poiniers on the#e controls in o vertical position with the arrew-head polnred towards the top of the receiver.

The following Alignsent chart gives a step-bysstep procedure to follow in eHecting the General Covernge
alignment of ench coil ser. It in importent that e chan of adjustments is adbered to in the order shown. Irwill
be moted chat Genernl Covernge aligament affects Bandapeead alignment, but that adjustment of Bandspread align-
ment does not affect Geneml Coverage.

Particular care must be taken whep adjusting the bigh-frequency oscillator crimmer C-26 in each coil set.
Three different checking procedures must be followed, The coil sets below 7 megicycles must be adjusted so
that the oscillator frequency is higher tean the B.F. fequency and the image should be located 910 ke, below dhe
fundamental oa the dial. The oscillator for the mages berween 7 megacycles and 35 megacycles is set o che
higher frequency but its image would appear 3980 ke. below the fundamental, In some cases this will fall corside
the raage of the coll ser 3o special procedures mast be used. In the 50 oo 54 megacycle coil set the oscillatos
must be trimmed to & frequency lower than te fundusenml, The method for makiag these checks follows:

1. When imming the oscillator in & coil set below 7 megacycles nun the receiver dial 10 kilocyeles below
the test frequency. If the image doca pot appenr at this point the oscillator is incorrecdy adjusted and the capa-
city of the trimmer must be reduced sntll the fundamental and the image appeat at thelr proper dial locarions,

2. Whea mimming the cacillator of any coil set in the range between T and 35 megacycles the image muasc be
lecated 3980 kiloeyeles below the fundamenml. Since this frequency will be outslde the mage of the coil set in
some cases the oaly alternative is to leave the receiver tuned to the fundamental and ralse the signal geoerator
putput frepuency 3980 kilocycles. It will probably be aecessasy to increase the generator cutpat to make the image
readable since rejecton will be us high as 90 db. in most coil sets. The image of the signal from the geasratoe
must ppeir &t the prestal recelver dial secing o indicate proper oscillator seming.

3, The oscillator in the AD coll set mast be mimmed o the low-side of the F.F. sigmal. In this instance
the image must be located 3080 ke, above die fundamental, Leave the receiver uned to the fendamental and low-
er the generator frequency 3980 ke, The generatos output may bave to be increased to make the image ccadable,
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The image muse be located at this point or the oscillator rimmer i incorrectly adjusced,

After the Ligl-lrequency oacillame is comectly calibrated the R.F. amplifier trimmers C-2 and C-15 and the
mixer timmer C=21 should be adjusted for maximum receives gain as mensured by the output meter. Coil sets A
and [V do aot use & fesn BLF, amplifier cimmer but are peak tuned by the use of te Ane, Trim. contrel over the
full frequency range of each coil sec. It may be desirable to align the R.F. Amplifier rimmers C-2 and C-15 and
the mizer wrimser T-21 using receiver background noise as an indicaton of maximum gain, rather than the signal
source, If this alternate methed of alignment is used the poiat of mazimum gain is thas sewing of the Timsers
whick provides the loudest receiver background noise. However, it iz possible to align the B.F. amplificr and

mizer stages 1o the [mage frequency using background noise as an indicator, A check of this possibility is 1o moe

in the image signal — if the lmage is weaker than the fundamental sigaal R.F. amplifier and miver stages are coc-
cectly aligned.

Correction of tacking errors of the LF, amplifier and miver stages at the low frequency limit of each coil see

is accomplished by the adjustments listed on che Alignment Chart. The actual tencking of these stages may be
checked by pressing the outside rotor plates of the main tuning eapaciter section toward or away from the seator
in & manner nssuring that the rotes plates will speing back o their ofiginal pesition. Any change in capacicy
should decrease the receiver gain if the stage is etracking properly.

The locations of the adjustments seferred 1o on the General Coverage Chatt are shown on Figure Number 7.
Each variable on the chart is followed by a number in parenthesis to identify its position on the respective coil
set. Schematic diagrams of each of the plug-in coils sets are fusnished ca Figore Numbers 11, 12 and 13.

BANDEWITCH SHOWN
IN GEMERAL

COVERAGE POSITION

| 2 3 4 5 & T -]

WOTE! INDUCTENCE ADJUSTMENTS ARE A5 FOLLOWS!
o &8, AAABAC AND AD COIL SETS--- LOOP OF WIRE INSIDE COIL FORM--- BENDING THE LOQ® ONE
WAY OR THE OTHER WARIES THE INODUCTAKCE.
2. 0 COIL BET--- ADJUSTABLE 0ISE INSIDE COIL FORW--- BOVING DISC TOWARD THE CENTER OF THE
COIL DECREASES THE INDUCTANCE.
3. E,F8,H &MD J COIL SETS--- & SHORT CIRCUITED TUuRN OF WIRE ARDUND THE OUTSIDE OF THE COIL.
WOVIKG THIS TURN UP AND DOWN VARIES THE INDUCTANCE.
FOR COIL SETS ABEC AND D INDRCTAMCE ADJUSTMENTS ARE WADE AT FOSITIONS @, 00,13 AND |8, FOR
COM SETS E_F6,M ANOD J ADJUSTMENT |5 MADE AT POSITION 16, FOR CORL SETS AAA8,AC AND AD
ADJUSTMENTS ARE WADE AT @ OR 10, 00 OF 12,13 O 14 AND IS OR 8 WHICHEVER POSITIONS AFFORD
THE MAX|MUM ACCESSIBILITY.

Figure Mo. 7. Typical Coll Set Showing Alignment Adjustment Locations

=19=
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GENERAL COVERAGE CHART

Cail Adjase Sigaal Source and Adjust to Receive Adjust for
|Seep | Ser Receiver to: Test EL_F.II Maxisvus Chagput
1 A 30.0 Me. Trimmes capacitor C-26 Trimmer capacitors C-21 (Pos. 6},
{Fos. E) C-15 (Pos. 4).
i A 14.4 Me. Inductance at Pos. Mo. 16, Inductance at Pos. Mos. 13, 11, 9.
3 A 30.0 Me, Check step 1. Repeat steps 1 and|
1 il mecessary
| B 14,4 Mec. Trimmer capacitor C-26 Teimmer capacitors C-<11 [Pos. &),
(Peoa. B C-15 (Pas. 4), C-2 (Pos. 2k
! B 7.0 Mc. Inductaace at Pos. Mo, 16, Induceance at Pos. Nos. 13, 11, %
5 B 14,4 Me. Check step 1. Repeat steps | and
2 if D CESRALY.
1 L= T3 Me. Trimmer capacitor C- 26 Trimmer capacitors C-21 (Pos. &),
(Pos. Bl C-15 (Pos. 4}, C-2 (Pos, I)
2 C 3.5 Me. Inducmnce ar Fos. Moo 16. Inducmace at Fos. Nes, 13, 11, 2.
3 C T.3 Me. Check step 1. Repeat steps | and)
2 if necessary.
1 D 40 Me. Trimmer capacitor C=26 Trimmer capacitors C-21 (Pos. G}
(Fos. 8). C-15 (Pos. 4), C-2 (Pos. ).
2 o 1.8 Me. Inductance at Pos. Ho. 16 | Indecoasce st Pos. Nos. 13, 11, %
3 o 4.0 Me., Cheek step 1. Repeat steps | udr
1 if necessary,
i E 1.0 Mc. Trimmer capacits C-26 Teimmer capaciora C-21 (Poa. 6),
{Poa. B) €15 (Pos. 4).
2 E 1.0 Mc. Padder capacies C-1040
(Pos. T).
3 E 1.4 Mc. Inductance at Pos. No. LS.
4 E 2.0 Mc, Check step 1. Repeat steps 1, 2
and 3 if necessary.
1 F 0.5 Mc. Trimmer capacims C-26 Teimmer capacitors C-21 (Poa. 6),
(Pos. Bl C-1% (Pos. 4), C-2 (Pos. 2.
. F 0.5 Me. Padder capacitor C-100
(Pos. Th
E F 0.7 Me. Inductance at Pos. Mo, 16,
4 F 0.9 Me. Check step 1. Repear steps 1, 2
mnd ¥ if necessary.
1 G 400 K. Trimsmer capacitor C=25 Trimmer capacitors C-21 (Pos. &),
(Fos. 8). C-1% {(Pos. 4k
F) G 2040 Ke. Padder capacime C-100
{Pei. Tk
E] G 300 Ke. Inducmace at Pos. No. 16,
4 G 400 Ke. Check step 1. Repeac steps 1, 2
and } if necessary,
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GENERAL COVERAGE CHART (CONT'[N)

Codl Adjust Signal Source and Adjust to Receive Adjust for
Seep | Sec Receiver to: Test Signal Maximus Cutput
1 H i Ke. Trimete capacitor C-26 Trimmer capacitors C-21 (Pos. Gy
(Fos. 8). C-15 (Pos. 4), C-2 (Pos. 2).
2 H 100 Ke, Padder capacinoer C- 100
(Pos. 7).
3 H 150 K. lnductance ar Pos, No. 16,
4 H 200 Ke. Check step 1. Repeat steps 1, 2
md 3§ if DECESERLY.
1 1 100 Ke. Trimmes capacitor C-26 Trimmer capacitor C-21 [Pos. &),
(Pos. H). C-1% (Pos. 4), C-2 (Pos. 2.
2 1 50 Ke. Padder copacictor C-104)
{Pos. Th
3 ] 75 Ke. Inductance at Pos, No. L.
4 1 100 Ke. Check step 1. . Repeat steps 1, 2
and 3 if necessary,
1 AA 0 Mc. Trimmer capacitor C-26 Teimmes capacitoes C-21 (Pos. 5,
(Pos. 7). C=15 (Pos. 3), C-2 (Pos. 1).
F] AA 211 Me. Padder capacitor C-100 Padder capacitors C-99 {Pos. 6),
(Pos. E). C-08 (Pos. 4), C=97 (Pos. 2).
3 AA 28 Mc. Inductance at Pos, No. 6. Inductance at Pos. Nos. 13; 11, 9.
4 AA 30 Me. Cheek step 1. Repeat steps 1, 2
and ¥ if necessary,
1 AB 35 Me. Trimmer capacitor C-26 Trimmer capacitoes C-21 (Pos. &),
{Pos. Bl C-1% ﬂ"ﬂh '“- C=2 tP“-l- 2\}1-
2 AB 25 Me. Padder capacitor C-100 Padder capacitors C-99 (Pos. %),
(Pos. T}, C-98 (Pos. 33, C-87 (Pos. 1)
3 AR 30 Mbc. Indactance at Pos. Mo, 16, | Iedecmeee ac Pos. Mos. 13, 11,
4 AB 35 Me. Cheek step 1. Repear seeps 1, 2
and 3 if necessary. Check step L.
1 AC 21,5 Me. Trimmer capacitor C-26 Teimmer capacicoes C-21 (Poa. 3),
(Pos. Th C=15 (Pos. 3), C-2 (Pes. 1.
F] AC 21 Me. Padder capacises C-100 Padder capacitors C-99 (Pos. &),
{Pos., B C-98 (Pos. 4), C-97 (Pos. 2),
3 AC 21.3 Me, lnductance ar Pos, No. 16. | ladocmace ar Pos, Nos. 13, 11, &
4 AC 21.5 Me. Check step 1. Repeat steps 1, 2
and 3 if necessary. Check seep L.
1 AD 54 Mc. Trimmer capacitor C-26 Teimmer capacitors C-21 (Pos. 5),
{Pos. T). C-15 (Pos. 3), C2 (Pos. 1)
F) AD 0 Me, Padder capacicoe C-100 Padder capacitors C-99 (Pos, ),
{Pos. ). C-498 (Poa. 4), C-97 (Pos. 2)
3 A 52 Me. Ieduceance at Pas, No. 16, leductance ac Pos, Mos, 15, 11, 9,
4 AD 54 Me. Check step 1. Repeat steps 1, 2
and 3 if necessary. Check scep 1.

d4=3%. BANDSPREAD ALIGNMENT

The data given in this section applies to the Bandspeead Alignment of the high-frequency oacillasse, B.F.
amplifier and mizer stages of coil sees A, B, C and D, It is important that m!lnﬂ.-lpuld adjustments are made
untl afeer completon of General Coverage alignment as Geneeal Coverage adjustments affect Bandspread align-

ESENL
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The need foe realignment of the HL.F. oscillator of any band is indicated when the frequency calibeaton of
the main funing dial is in error by more than 3% divisions. To effect alighmenr the receiver controls sire adjusted
the same as outlined in Section 4—4 excepr that the Bandspread switch on each of the plug-in coils must be in

the right-hapd or Bandspeead position.

The procedure in effecting Bandspeead alignment is accomplished by adheting to the instrucfions given in
the Bandspread Aligament Chart. The proceduare is similar to that for General Coverage except for the method
followed in checking tracking errors of the B.F, amplifier and mizer stages at the low-lrequency limit of each codl
se. To secuse an indication of proper tracking, check the sening of the Bandspread oimmer capaciters C=3, C- 16
and C-22 for the position of maximum teceiver gmin. Any change in capacity should decrease the receiver gain
indicating proper racking. The use of the cimser capacitors C-3, C-16 and C-22 for mackingchecks may destroy
their proper settings, therefore they must be carefally rechecked nt the high-frequency limit of the coil ser. The
location of the adjustments referred b0 in this section are shows on Figure Number 7. Each variable on the chare
is followed by & number in patenthesis o identily fts position oa the respective coll set. Schematic dagrams of
each of the lour combination Bandspread and General Coverage coil sets A, B, C and I) are fwrnished on Figure

Number 11.

BANDSPREAD ALIGNMENT CHART

Codl Adjuesr Signal Seurce and Adjust o Receive Adjuse foe
Seep | Sex Receiver ta: Test Signal Mazimam Cutpat
1 A 0.0 Me. Trimmet capacites C=27 Trimmer capacitora C-22 (Pos. 5),
[(Pos. 7). C-16 {(Pos. 3), C=3 (Pos. 1)
F] A 17,2 Me. Padder capacivoe C-25% Padder capaciters C-20 (Pos. 14),
{Pos 15). C-14, (Pos. 12), C-1 (Pos. 100,
3 A W0 M. Check step 1. Repeat seeps 1 and)
1 if necesanry. Cheek step L.
1 B 14.4 Me. Trimmer capacitor C-27 Trimmer capacitors C-22 (Pos. 5,
(Pos. 7). C-16 (Pos. 3}, C=3 (Pos. 1k
F] B 14.0 M. Padder capacitor C-2% Padder capacies C-20) [ Pes. 14),]
(Pes. 15)% C-14 (Pos. 12}, C-1 (Pos. 10).
3 B 14.4 Mc. Check step 1. Repear sceps 1 and|
2 if necessary., Check step L.
1 C 7.3 Me. Trimmer capacitor C=17 Trimmer capacitors C-22 (Pos. 3,
(Pos. Tk C=16 (Pos. 3), C=3 (Pos. 1k
- C 7.0 Me. Padder capacioes C-2% Pudder capacitaes C-20 (Pos. 14),
(Fos. 15). C-14 (Pas. 12), C-1 (Pos. 10).
3 [ 7.3 Mc, Check step 1. Repear soeps 1
2 if mecessary, Check step 1.
1 ] 4.0 Me. Trimmer capacitor C-27 Trimmer capacitors C-22 (Pos. 5),
(Fos. Tk C-16 {Pos. 3), C-3 (Pos. 1)
. [} 3.5 Mc, Padder capacitor C-25 Padder capacitors C-20 (Pos. 14),
(Pes. 15) C-14 (Pos, 12), C-1 (Pos. 100
3 o 4.0 Me. Cheek seep 1. Repear steps 1
1 il eecessary. Check step 1.

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

The tracking of the firsc B.F, amplifier stage on each of the coil ranges may be checked by rowmdog the Aat
Trim. comerol. 1f two definite peaks in outpar are chaerved while romring the Ant. Trim. coatrol, the first R.F.
mmplifier stage is tracking correctly and the seoting ne either peak is correct. The lack of a-peak in cutput o
the presence of caly one peak indicates the smge is not tracking properly and correction should be made. The
General Coverage adjustments affect the Bandspread adjusosents and must therefore be performed fiese. The

following procedure should be adhered to:
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{a) GENERAL COVERAGE

(1) Set the Bandspread switch on each coil to the left-hand slde or General Coverage position. Adjust
the recelver for aormal operation as follows: Cootrol switch at A.M., Selectivity switch at Off, Ant. Trim. coa-
trol pointer set in & vertleal position with the amow head townrds the top of the receiver, A.F. Gain control set
at [0 and the A.F. Gain control set to provide a suitable aignal level.

(1) Coanect the antenaa feeders w che receiver antenos terminals and fune the ceceives to the algnal shown
in step 1 on the General Covernge Alignment Chare for the coll set to be aligned. Adjust the rimmer capacitor C-2
for mazimus sigoal surput. Coll sees A and D do oot use a fiest B.F. amplifler General Coverage trimmer but are
peak tuned by the Ant. Trim. control over the full Eequency range of each coil set.

(b) BANDSPREAD

(1) With ehe receiver adjusced in the same manner as for Geaeral Coverage shift the Basdspread swich on
each coil terminal panel 1o the right-band side or bandspread position.

{2} Coasect the antenna feeders to the teceiver antenan terminal and tune the receiver to the signal
shown in Step 1 on the Bandspread Alignment Chart for the coil set being aligned. Adjust the Bandspread uimser
eapacitor C= 3 for mazimum signal output. [f no signal can be received the mimmer may be adjusted for mazimam
background noise.

4=7: SMETER ADJUSTMENT

The SMeter balancing resisior B-21 is used to obtain & zero merer reading in the absence of signal input mw
the receiver. To make this adjustment set the coatrols as follows: Set the R.F. Gain control at 0, A.V.C. swixch
at A.V.C., Control switch at AM. and the A.C. swicch at On. Adjust the S-Meter balanciog resistor R-21 for a
zero ceading on the S-Meter. This is o screwdriver fype adjustment located on the top of the chassis,

SECTIOH 5. WA IH T EHAMCE

§=1. GENERAL MAINTENANCE DATA

Any repairs in de HRO=G0 receiver which necessimee resoldering of joints must be made with care. A good
mechanical contection mast be made belore the aolder is applied.

Failure of & vacuum tabe in the receiver may reduce the sensitivity, produce intermictent operation of cause
the equipment to be completely inoperstive, In such cases, all rabes should be checked ia an analyzer of similar
tube teating equipment or by replacement with rubes of proven quality. When any tube is tested, it should be
tapped of jared to make sure that it has oo internel loose connection of intermicent shore circuit.

Tubes of the same type will vary slightly in their individual characteristics and this fact should be borne
in mind when replacements become necessary. The C.W. oacillator, high-frequency cacillator and L.F. mubes
sbould be chosen with care to select a replacement which most nearly approaches the charncteristic of the origi-
nal tube. A replacement high frequency osclllates tube can be readily checked by noting any change in dinl eali-
beation, partcalady on the asareur bandspread bands. Substitution of new LF. amplifier tabes may poasibly
alter overall gain and selectivity characeeristica. The secessity for realignment as well as alignment procedures
is dizscussed in Secdon 4.

In case of besakdown or failure of the recelver, the fmult must flest be localized. This can often be sccom=
plished by observation of some peculiar action of coe of the controls. Relerence w the circule diagram will aid
in checking voltages at the various rube elements, Mensurement of voltages in accordance with Sectlon 54 will
most likely indicate where failure has occarmed,

%=1, CIRCUIT FAILURES

All component parts in the HRO-60 receiver have been selected w assure an ample fa cror of safery. Failure
3=
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may occur in individual cases and the most common cause of filure, excluding mbes, will probably be due o
breakdown of a capacitor of resistor.

In the event of failure of the 4H-4C current regulator tube the receiver may be restored o operating condition
by plugging a 6V6 wbe into the 4H-4C socket. This device should be considered an emergency measure only since
the current regulator rabe is pecessary o insure the excellent frequency swmbility of the HRO=G0.

Bypass or filter capacicoes which develop poor connections internally, or which become oper=circuited, will
case decreased sensidwity, oscillation or poor seability. The defective unit can be located by temporarily cone
necting a good capacitor in paralle]l with esch capacitor that is under suspicion,

Failure of my bypass or filter capacitor may sericusly overload reslsioes in associated circuits. Overload of
sufficient magnitude to permanentdy damage a reslator will casse the surface of the resistor o be scorched, mak-
ing the defective uait easy to lecace by visual inspection.

Open or shore-circuited resistors can be delindtely located by measuring the resistance of each individual re-
sistor, The schematic diagram should be consulted to make sure that any particular resistor under test is Dot con-
oected is puralle] with some other circuit element which might produce a false measarement.

Loose connections which cause intermistent or nolsy operation can often be found by mpping or shaking any
component under suspiclon with the receiver ndjusted for normal operation.

5=3. STAGE GAIN MEASUREMENTS

Tk seasldvity measurements listed berein are made with the receiver set op &3 specified in Secton 3=2 ex-
cept that the A.F. Gain cootrol is set ar 10, Connect an output meter with an impedance to match the receiver
output circuit i.e., B or 500 olims o the outpat terminal panel in place of the. loudspeaker. It is impormnc it che
proper output impedance match be observed.

" Conaect the bigh output lead of the signal geocontor trough o 0.1 =f cowpling capacitor wo the grid of cach
tube as specified in the followlng mble. The ground lead of the generator is connected to any convenient chassis
poiat

The signal generator, usiong 30% modaladon, is varied between 453 and 457 kilocycles until a prosounced
peak is obtained on the output meter. ¥

With the geoerator attenumied to provide & one watt reading oo the outpat meter the signal genemator output
should read widhin che limite specified on the following mble:

TERMINAL TEST SIGNAL

Mizer Geid o0 & 10 Microvolts

Firse L.F. Grid 150 £ 20 Microvolts

Second LF. Grid 1760 + 200 Microvolts

Third L.F. Grid 40,000 £5000 Microvolts
HOTE

To obtain a gain measuwrement through the second coo-
version stage it will be necessary to release the con-
version swinch, Plugglag la aay but the D range coil
zied in the preceding mensurements would result in
readings which bear no relation to those already taken,
In order to relense the switch the receiver bottom plage
must be removed. Remove the phillips bead pivor sceew
in che center of che awitch arm sacked with an X in
Figwe 10 allowing the spring-loaded slide switch w
move out io the Mtnmrmlmpniﬁm.

=2il=




Rensrn the generator confection to the mizer grid.
Reset che generator to 1990 ke, and vary the frequency
control between 1987 and 1993 until the peak is ob-
mined oo the purpur meter. Adjust dhe generator out-
put o obin 1 wan output across the 500-chm twemi-
aals. The outpat of the signal geoerator should show
a reading of 40 o 80 microvolts.

Replace the pivor screw making cerenin char io
does oot bind the switch arm. Remove and replace dhe
coil set w determine thae the swicch is operating peo-
pexly.

S—4, YOLTAGE TABULATION

All valmpe seaswemenrs should be made using a high-impedance vacuum mbe voliserer. Readiags mken
with oy other type of instroment will differ sceewhat depending vpon the inpur resistance of the meter. Yolt-
meter reslatance should be ten tmes larger than die resismace of the clocuir acroas which e volmpge is measar-
ed otherwise the voltmeter will indicace a voltage lower than the actaal voltage peesent. The tube socket volege
mabulatieas conmined in Figere Number B were taken using a vacuuss tube voltmeter with an input resistance of 11
megohms. All voltages are measured between specified socker terminals and chassis, The coatrol settings © be
observed are shown oo Figure Namber B

AT
BYVE .

AC LIME WOLTAGE = 118 WOLTS.

HiGH MUPEOAMCE VACUUM TUBE WOLTMETEH USDOD.

CONTROL SWITCH AT AM, EXCEPFT WHON MERSURING W=l
WHEN IT I8 AT GW.

AL, SWITCH AT OFF.

LIMITER OFF.
P 30 AND NoLL U INSTALLED AND ORERATIVE.
Bl viTAQES wiaduRid FAcw SOOeET My TG CHASSS, BHE

AL VOLTAGES DE EXCEPT 48 NOTED.
ToLlmANCE » t 0%
FRONT

Figure No. §. Tube Socker Volages
S=8, MAIN TUNING DIAL

The mais maalog dial abould seemally give o mouble. If, however, the dial should become removed from the
=25
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receiver it must NOT be operated until mounted ca the capacitor shaft WITH SET-SCREWS TIGHT. This is be-
cause the dial is caly designed to rotmte for ten sevalutions (0 to 500) and if hereed farther than this the mechan-

is= will be demajed. When mounted on the capacitor, limit stops peotect the dial. The peocedure for re-mounting
thie dial is as follows:

(a) Place the dial on the capacitor shafr, tigheen set-screws and turn the dinl couster-clockwise o fully mesh
capacitor rotor plates so that the tlps of the cotor plates are flush with the edges of the statoc places.

(b} Locsen set-screws and rotare dial slowly wndl the dial reading has decreased o zero,
(c) Tighten the ser-screws.

[d) Check position of rotor plates at zero. The dps of the rotor plates mast be flush with the edge of the
stator plates, A slight adjusmment may be necessary and this is done by loosening the ser-acrews, adjusting the
positicn of the dial and tightening the set-screws again,

If it is necessary to remove the dial at any futare time, tern 0o 250 before removing the dial and do not dis-
varb the serdng of either the dinl or capacitor until reassembled. If in doubt about the cormect position, inspect
the springs on the back of the dial. When the dial reads 250 these springs should be straight-up-and-down, they
must st be tipped to cne side., -

It is impormant thar the backplate and dial do not become separmted, The back-plate is beld in place by wo
speings so that ite gear teeth mesh with che dial gear weth In comrect relationahip for proper dial operation. If
this backplace should be aprung cu of place, it may return to an incorrect poaition and the proper dial numbers
will not appéar in the windows when the dial is used. To ascertain that the two parts are in correct position pro-
cord as follows:

(a} Locare small window near coter pecliphery of dial backplace and also locate dial number window on face
of dial which is 180 removed from the amall backplate window,

(b) Hold dial so backplate lies flar in palm of left-hand and with right band rotate dial ksob uneil 240 appears
i previously locared dial sindow.

(e} If dial is properly adjusted it will be noted that the pointer at dve outer edge of the amall window lines
up with o marked toots oo che dial icself, It will be found dat che dial and backplate can be moved so that che
backplate palnter will mesh between teeth at points equidistant from marked tooth in either direction.

(dy IF by :l;-tckin; as in paragraph (c) the dial is found not p;up&l;r adjusted, it will be necessary o sepas-

.!H the backplate from the dial far enough to bring the two gears out of mesh and then re-mesh the two parts until

the proper secting is found, A number of trinl sectlngs may be required befoce the comect mesh is found.
5=fi, SLIDE-RULE TUNING DIAL

The slide-rule tuning dial assembly has been adjusted at the factory lof accurste syachroalzation with the
mictometer dial. If not campered with this mechanism will provide complete freedom of mechanical rouble over ‘#
long period of continuous use, It is driven by an anti-backlash weniog gear panged with the main tening dial,
The slide-rule dial polnces is controlled by a string-drive assembly.

If replacement of the swing-drive coed is required it will be necessary o remove the receiver chassis from its

, cabinet wraparpund, Before removing the micromecer dial reference abould be made to Paragraph 5 of this sec-

tion for proper method of removal. Figore Number § illustrates the proper method of replacing the cord. Afrer the
cord has been replaced and before the receiver ja retumed o its cabinet the micrometerdial should rempotarily
be peplaced (See Paragraph 5=5) and the slide-nale poiater corcectly see in the following manner:

NOTE

Thhpmﬂlin—.rllmbenlcdiflclmrkk desired o
azsure that the alide-rule dial pointer is peopecly ayo-
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chronized width chat of the main toning dial.

(8} Check the main runlog dial at zero on ita dial scale. The tips of the rofor plates should be flush with
the edge of the stator plates,

(b} Set the Band Selector control so e the D coll set scale appenrs.

(¢} Set the main tusing dial at 450 oo its dial scale. Corece senng of the alide-sule dial pointer is 4 mega-
cycles on the dial scale. Draw the slide-rale pointer along the cord to its proper position being careful not o dis-
turb the setting of the micrometer dinl. Afrer the correct setting bas been obmined use & small amount of glyprol

ot housebold cement to fasten the dial polarer securely In place on the coed.

PASS CORD THRU

o) POINTER SLIDER LOOF CORD AROUND O
AS SHOWN PULLEY

LOOP CORD AROUND
PULLEY ]
: FASTEMW CLIP HERE

®

FASTEN SPRING HERE

HOTE: CORD SHOWN EXPOSED FOR CLARITY
CORD LENGBTN 33 778 " INCLUDING
SPRING AND CLIP

Figure Mo, 9. Instructicas for Disl Cord Replacesent
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PARTS LIST

SYMBOL FUNCTION DESCRIPTION DREAWING NO.
CAP ACITORS
C=l T=1 bandspread padder veed on A, Mica, variable, 3,.%=35 madf, DR3Z=2
B, C, D codl sets
C-2 T=1 geaeal wrimmer used Vuriable, air dieleceric
oa B, C, F, H, ], AA, AB, AC, AD
caoll seta
C=3 T=1 bandspread wimmer used oa A, Variable, air dielectric
B, C, [ coll sees
C=q Antenma rimmer Yariable, nir dieleceric JrT=-32
C=% Mais taning Four section ganged SB:2764
C=%A V=1 naning Air dieleceric, 225 =mf. max
C=5A8 V=2 tuning Aje dieleceic, 225 mmi. max.
C=%C |¥V=3 runing Air dieleceric, 123 mmi. max.
C=5D V=4 boning Air dieleceric, 115 mmi, max.
C=4 V=1 grid fleer Ceramic, .01 mfd, 400 vdew Kodb=2
C-7 V=1 screen bypass Paper, .05 mfd, 400 vdcw L217=5
Call V=1 grid fileer Mica, 01 =fd, 300 vdew ] G =56
C-9 V=1 cuthode bypass Paper, .05 mfd, 400 vdew LI17-1
C=10 V=1 screen bypass Ceramic, 005 mfd. 430 vdew K946=1
C=11 |V=1 plate filtes Paper, .} mfd. 400 vdew L217=3%
C=12 V=2 screcn bypass Paper, 05 mfd, 400 vdew L217=2%
C=13 V=2 grid resarn bypass Cemmmie, 005 mid. 430 vdew Kg46=1
C=14 T=2 bandspeead padder used on A, Mica, variable, 3.5=3% mmdf, D@a3z-2
B, C, D coil sets
C=15 T=2 general coverage trimmer used Varkable, air dielectre
on all coil sets
C=16 T=2 bandspread trimmer used on A, Variable, air dieleceric
B, C, D coil sets
C=17 V=2 cathode bypass Paper, 05 mfd. 400 vdcw LZ17-29
C=18 | V=2 screen bypass Ceramic, 005 mfd. 450 vdcw K946-1
€-19 | V=2 plae filter Paper, .1 mid, 400 vdcw L217=35
C=20 T=3 bandspread padder used on A, Mica, variable, 3. 5=35 mmf, DE32=-2
B, C, D codl sers
C=11 T-3genoeeal covernge trimmer used on Variable, air dielecrric
all coil sets
C=22 T=3 bandspread wimmer used on A, Variable, air dielectric
B, C, D cail sets
C=23 Vi cathode bypass Ceramic, 01 mid, 430 wdew Kodi=2
C=24 V=3 screen bypasa Ceramic, 01 mid, 450 wdew K462
C=2% T =4 bandspread padder used on Ay Variable, alr dielectric
B, C, I} coll acts
C=26 |T=4 geoeral coverage wrimmer ased Variable, air dieleceric
on all coll sets
C=17 T—4 bandspread orimmer used on A, Variable, air dielectric
B, C, D coll sets
C=28 T=4 geneml coverage padder:
A coll set Mita, (80 mmf. 300 vdew Ro3s=1
B cail #et Mica, 910 mmf, 300 vdew RO353=2
C coil set Mica, 1600 mmf 300 vdcw J6be=211
D eodl set Mica, 900 mml. 500 vdcw [ )
E coll set Mica, 470 mmt, 500 vdew H500-18
F coll set Mica, 330 mmf. 300 vdcw H00=-212
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PARTS LIST (CONT'D)

SYMBOL FUNCTION DESCRIPTION DRAVING NO.
CAPACITORS (CONT'DY
G eall set Ceramic, 100 mmf. 500 wdew D8 29C =304
J coil sex Ceramic, 30 mmf, 500 vdew DE25D=417
AA coil set Ceramic, 10 mmf, 500 wdow LR 25D=402
AB coil set Ceramic, 100 mmf. 500 wvdew DazsC-303
AD eadl se Ceramic, 10 mmf, 300 vdcw Da25D=—402
C=2% Dscillator trimmer Variable, air diclecwic J7E7=53
C=30 V=4 grid coupling Ceramic, 100 mmf, 500 vdew DEISC=304
C=3l1 V=2 plate fileer Ceramle, 00% mi, 450 vdew - |
€=32 | V=3 plate filter Ceramic, 01 mf. 450 vdew K946-2
C=33 T=5 primary immer Mics, 70 mmf. 500 vdew H300=6
C=34 | Bridge balancing Ceramic, 39 mmf. 500 vdcw DB25D-455
C=3% Bridge balanciag Ceramie, 7% mmf. 500 vdew DEzsi-301
C=36 Phase balance adjustment Mica, variable, 3,5=35 mof, Df32=2
C=37 Phasing coatal Varinble, air dieleceeic SAD150
C=38 Selectivity compensator Mica, variable, 3. 5=35 mml, De3l-2
C=30 T=% putput adjus tment Mica, 100 =mi. 300 wdcw HE500 =4
C=4iy Selectiviry adjusting Ceramic, 10 maf. 500 vdcw DE25D=426
C—4l Selectivity adjusting Ceramic, 25 mmf, 500 vdcw Da5sD=411
C—d2 Selectivity adjasting Ceeamic, 2% mmf. 500 wlew DEsD—dl1
C=d3 V= AV.C. filter Cerasle, 001 mfd. 300 vdew K375=—4
Cadd | T~9 ranlng Mica, 510 mef, 500 vdcw H300=5
C—=45 L=2 taning Mica, 510 mmf, 500 wdew H500=5
C—46 | L=3 tuning Mica, 510 mmf. 500 vdew HS00-5
C=47 L—4 tuning Mice, 510 mmf. 500 vdew H500=3
C—di L=% tuning Mica, 510 mmf, $00 vdcw H500=5
C=45 V=7 AV.C filter Ceramie, 001 mfd. 300 vdew K375=4
C=50 V-7 cathode bypass Cemmic, 01 mid, 450 vdcw E9d=12
C=51 W=7 screen bypass Ceramic, 01 mid. 450 vdew Ef46=2
C=52 Va7 plate fleer Cerambc, J1 md, 450 wdew ERibo-1
€33 V= cathode bypass Paper, .1 mid. 400 vdew L217=35
C=34 V=08 coupling Ceramle, 001 mfd 500 vdcw DErsD=421
C=5% V=104 grid Ceeamie, .01 mfd. 450 vdew Kodf=2
C-56 V= screen Ceramic, 01 mfd. 450 vdew K946 -2
C-57 V=0 plate Ceramic, 270 mmf. 500 vdcw Je3z=2
C=%8 V4 to V=1 coupling Mica, 01 mfd. 500 vdcw Jibh=516
C=59 V=4 plate filcer Paper, .1 mfd. 400 vdcw LI17=3%
C=50 V=1 plate filter Ceramic, 01 mfd. 450 vdew Kod6-2
C=61 L~18 runing Mica, 510 mmf, 500 vdcw H300=3
C-62 L=1% enlag Mica, 510 mmf. 300 vdcw H500 =35
C=63 A.C, line bypass Mica, L0022 mfd. 1000 vdew J6ET-6
C-64 | A.C. line bypass Mica, (0022 difd, 1000 vdew J667-66
C=5% Power supply flter Electrolytic, 40 + 40 mid. 475 vdew ED45-3
C~63A | Power supply input filter Pact of C-65
C=63B | Power sapply ourput filuer Part of C=6%
Tt V=9 ¥=12 coupling Ceramic, 01 mfd. 430 vdew Kodb=2
C=§7 | V-12 threshald filter Paper, .1 mfd. 400 vdew L217-33
C=t V=12 plaze filter Paper, .1 mid. 400 vdew L217=35
g ¥-12 to X=3 coupling Cemmic, 01 mfd. §30 vdew K546=2
C=-T V=13 tome compensniog Electrolytic, 25 mid, 30 wdow Eijf=4
C=T1 V=13 cathode bypass Paper, .5 mid 200 vdcw L217=47
C=T2 V=13 screcn bypass Paper, .1 mfd 400 vdcw L217=3%
C=73 V=13 plate fileer Paper, .1 mid, 400 vdcw LI17=33
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PARTS LIST (CONT'D)

SYMBOL FUNCTION DESCRIPTION DRARDING NO,
CAPACITORS (CONT'D)
C-74 Tone Paper, 01 mfd. 00 vdew L217-16
€=75 | V=10B to V=13 coupling Paper, .01 mfd, 600 vdew L217-16
C=T6 Y=10B8 grid Ceramic, 0001 mid, 500 vdcw DEIID=421
C=77 Y=10B to V=14 coupling Paper, 01 mbd. 600 vdew LI17=16
C=78 ¥ =108 o V=15 coupling Paper, 01 sfd 500 vdcw L217-14
C=79 | V=14 and V=15 cathode bypass Electrolytic, 25 mid 30 vdcw E338-4
C=g0 T=12 tone compensating Mica, 0024 mfd. 1,000 vdew JEET 6B
C—gl Temperatore drift compensator Ceeamie, 5 mmf, 300 vdcw DE25D—-401
{c—82 T-1 fized bandspeead padder: Ceramic
A coll set 10 mmi. 500 vdew DaE5D=402
B coil set 4 mmf, 00 vdew DaxsD—401
C coil set 10 mef, 500 vdcw DEISD=402
D coil set 2% maf, 300 wlcw DEZSD=411
C=83 T=1 lized bandspread padder: Ceramic
A coil set 10 mmf. 500 vdew DEZSD=402
B coil set 5 mmf. 500 vdcw DEZSD=-401
C coil sex 10 mml 500 vdcw D25 D=402
D coil set 25 mmf. 500 vdew DaziD=41l
-84 T=3 fizxed bandspread padder: Cemmic
A coil set 10 mmi. 500 vdcw Da25D—402
B coil set 5 mmf, 500 wdew D 230D=401
C coil set 10 mmf. 500 vdew " DE2SD—402
[ coil set 25 mmf, 00 wdew DE2ID=-411
C-8% T=4 bs padder used on A coil set Ceramic, 10 mmf. 00 vdew D2 D= 54
B coil set Ceramic, § mmf, 500 vdew D2 sD=440
C=ph T=4 Azed divider used co D coll set Ceeamie, 21 mmf. 500 vdcw Dg25D=-410
C-87 T=4 fizxed geoeral covernge mrimmen
A coil set Cemmie, 50 mmf, 500 vdew Daz50-453
B coll aet Ceramic, § mmf, 500 vdcw DE23D=440
AA coll see Cetamic, 10 mmf, 500 vdew D 25D=402
AB coil set Ceramle, 35 mmf. 300 vdew DE2SD=413
AC coll ser Ceramic, 68 mamf, 500 vdcw DEZSC=343
AD eadl sex Mica, % mmf. 500 vdcw HE0 =23
C—88 T=1 fixed geoeral coverage paddee
A coil ser Mica, 1200 mmf. 500 vdew Jibb=16
AB coll set Ceramic, 120 mmi. 500 vdcw Da2sC=%)5
C=59 T4 fixed temperanare compensator Ceramic, 10 mmf. 500 wdew Da2ID-437
used ca A coil set
C-90 T=2 primary trimmer used oa H coil Cetamic, 21 mmf, 500 vdew Da2sD—410
set
C=81 T=1 general covernge trimmer: Ceramie
AA coll set 4 manf, 500 wdew Daz5D-401
AB coil set 21 mef. 300 wdew DazsD=410
AC coil et 50 manf, 500 vdew DarsD-=417
C=07 T=2 coupling used on AB coll set Mica, 470 smf. 300 vdew JEb5=56
C=03 T=2 general coverage padder used on Ceramic, 100 mmf, 300 wdew DEZIC~304
AB coil set
C=04 T=3 coupling used om AB coil set Mica, 470 mmi. 500 vdcw Jeas=%6
C=9% T=3 peneral coverage trimmer: Ceramlc
AB coil st 10 mesd, 500 vdow De250=402
AC coil set 68 mmf, 500 wdew [B23C-343
lc—p6 | V-2 cathode bypass Ceramic, 005 mid. 450 vdew K946-1
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PARTS LIST (CONT'D)

[symsoL |

FUNCTION |

DESCRIFTION DRAWING MO,
CAPACITORS (CONT'D)
a7 T-1 general coverage padder used ca AA, AB, |Variable, air dielecmic
AC, AD coil sets
C-08 T-1 general coverage padder used on AA, AB, |Variable, akr dielectric
AD coill aes
L5 T-3 general coverage padder used on AA, AB, |Variable, wir dieleceric
AC, AD coll sees
|C=100 T4 general coverage padder used oa E, F, G, |Yariable, air dieleceric
H, ], AA, AB, AC, AD coil sets
|S-100 T-3 G, padder uaed on AR coil set Ceramic, 100 msi, 500 vdew DEZSC-304
(C-102 T-2 general coverage trimmer: Ceramic
AR eoil see 10 menf. 500 vdew DEzsh-402
AC coil ser 68 menf, 500 vdow DE23C =343
V-8 coupling X-1 Ceramic, 10 maf. 500 vdcw DE2SD-437
T+ wuning Mica, 510 mmf, 500 vdew H500-5%
V-5 grid Ceramic, (0001 mid, 300 vdew DEZFC-304
L-8 raning Mica, 510 mmf. 500 vdew H500-5
L9 tuning Mica, 510 mmf, 500 vdcw HA00-%
¥-B A.V.C, filer Ceramic, 001 mfd. 300 vdew K375-4
V=8 cathode bypass Ceramic, 01 mid. 450 vdew Efé-2
BLF. filter Paper, .25 mfd. 200 vdcw L217-48
V-8 screen Ceramic, .01 mfd, 450 vdew Efd6-2
VB plare Filver i, 01 mfd, 450 vdew K942
L-10 puning Micm, 510 mmf, 500 vdcw H300=5
L-11 tuning Mica, 310 smf. 500 vdcw H5M-5
V-5 screen bypass Cetamic, .01 mid. 450 vdew K94i=2
L-16 paning Mica, 370 menf, 500 vdow HE00-6
Vell grid Mica, 270 mmf, 300 vdcw J665-47
V=17 plate fileer Paper, .1 mid, $00 vdew L217-34
H.F. oscillator padder Cetasiic, 10 mml. 500 vdew DE25D-402
L-6 muning Mica, 510 mmf. 500 vdcw H300-5
L-T maning Mica, 510 mmf, 500 vdew HE00-%
C.W.0, control Variable, air diclectric J957-32
V=11 screen bypass Cerasmle, 01 mid. 450 vdew Koudib-2
V-t place fileer Ceramic, 01 mfd, 450 vdew ERdi-2
Vi o V=11 coupling Ceramic, 3 mmf. 500 vdcw JEgs-4
¥l to V-5 coupling Ceramic, § sml. 300 vdew DE2SD-449
T-1, T-2 grid renmn on AD coil set Mica, 1000 saf. 300 vdcw J665-T1
L. bypass Ceramic, 01 mfd, 450 vdew K042
External B+ switch bypass Ceramic, 003 mid. 450 vdcw E946-1
Exveraal B+ awitch bypass Ceramic, 005 mfd. 450 wdow Kodi=1
External B+ switch bypass Ceramic, 005 mfd, 450 vdew Kfai-1
Speaker ourpuar filter Ceramie, 005 mid. 450 vdew Kodg-1
Oae {1l bypass Ceramic, 005 mid. 450 vdow Kous-1
T-d bandspread padder, C coil set Ceramic, 10 mmf, 500 vdew DE24D-41%
V-4 plare Ceramic, 5 maf. 300 vicw DEZI =401
RESISTORS
R=1 W=l grid filter Fixzed, 470,000 ohms, 1/2 W J569-57
R-2 V-1 cathode Fixed, 100 chas, 1/2 ¥ 56913
R-3 V-1 screen Fixed, 47,000 ohms, 1/2 ¥ 156045
Red Vel grid Fixed, 470,000 chms, 1/2 W J569-57
R-5 V-2 cathode Fixed, 560 ohess, 1/2 W Ji65-12
Rt R.F. galn contral Varable, W%, 5,000 chms, 3 ¥ K345=4
R-T V-3 injectoe grid Fixed, 22,000 ohms, 1/2 ¥ 1569-41
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PARTS LIST (CONT™DY)

SYMBOL FUNCTION DESCRIPTION DRATING NO.
RESISTORS (COMT'D)
|R—p V=3 cathode Fized, 120 ohms, 1/2 W 1569=17
R0 V=3 screen Fixed, 33,000 chms, 1 W I571=43
R=10 | V—4 grid Fized, 22,000 chms, /2 ¥ 156941
R=11 Voltge divider Fized, 100,000 chms, 1 ¥ J5T1—49
R=12 W=t prid Fixed, 470,000 chss, 1/ W J569=57
R=13% V=2 screen deopping Fixed, 100,000 ohms, L'2 ¥ Jtr =49
R-14 | Voleage divider Fized, 2,200 chms, 1/2 W 156029
R=15 Selectivity balancing Fixed, 470 chms, 1/2 W Jsea=11
R=1& W= cathode Fized, 1/2 W. individually chosen
to megt the requirements of cach
receiver
R=17 V=is screen Fized, 47,000 ohms, 1/2 W JHbh=4%
=18 V=T grid filter Fized, 470,000 shms, 1/2 W J560 =57
R-19 V=7 cathode Fized, 330 chms, 1/2 W J569=19
R=20 V=6 plate filter Fized, 2,200 chms, 1/2 ¥ 1569=29
R=21 L meter zero adjustment Variable, 1,000 ohms, 1 ¥ Da3l-1
R_23 V0 plate load Fized, 1.5 meg. 1/2 ¥ J369=53
R=23 AV.C, Filtee Fized, 1.5 meg. 1/2 W T30 =63
R=24 V=7 plate fileer Fixed, 2,200 ohma, 1/2 ¥ J569-20
R=2% V—4 plate filter Fized, 1,200 obms, 172 ¥ J56a=29
Fl=26 ¥=1f dropping Fized, 5,000 chma, 10 W Eg59-10
R=27 V=5 screen Fixed, 100,000 chms, 1/2 W J569=49
R-28 V=1 plate flees Fixed, 10,000 ohms, L2 W J56=37
R=29 V=0 filament dropping Fized . W. 4.5 ohma, 1 W KooE—48
R-30 V-5 grid Fized, 22,000 ohms, 1/2 ¥ J569=41
R=31 V=% isolating Fixed, 100 ohms, 1/2 W 156913
R=32 V=11 grid Fixed, 22,000 chms, 1/2 W J569=41
k=33 V=5 place load Fixed, 470,000 ohms, 1/2 ¥ 568=5T7
R=34 V=12 place Fized, 220,000 chims, 1/2 W J569=53
B35 V=12 cathode Fized, 220,000 ch=s, 152 W J568 =53
R=34 Limites chreshold conteal Varlable, $00,000 ch=s JeBl=2
R-37 Limiter threshald filves Fized, 230,000 ohms, 1/2 W J =55
R-18 V=12 plate filter Fized, 820,000 ohms, 1/2 ¥ J569=560
R=39 V=12 plate load Fized, 470,000 chms, 1/2 ¥ J569=5T7
R=d AF. gain contal Variable, 500,000 ohms EMT=T
R=41 Limiter output divides Fired, 220,000 ohms, 172 ¥ J569-53
R4 V=13 cathode Fized, 2,200 okms, 1/2 ¥ J569=29
R=43 V=13 cathode divider Fized, 150 ohms, 172 ¥ J369=1%
R=d44 D generation feedback Fixed, GBO0 ohms, 1/2 ¥ J56R=15
R—45 V=13 screen filter Fixed, 470,000 chms, 1/2 W 156957
R=—it V=13 plate load Fized, 100,000 chms, 1/2 ¥ JEba =45
R=47 V=13 plate fileer Fixed, 47,000 chms, 1/2 W J568 =45
R-48 Tooe coatral Variable, 500,000 ohma K3d7T=7
R=49 V=108 grid Fixed, 220,000 chms, 1/2 W J560=53
R=5%0 V=108 caihode Fixed, 4,700 ohms, 1/2 W J568=33
R=51 V=108 cathode load Fized, 47,000 chms, 1/1 ¥ J569=45
R=52 V=108 plate load Fiwed, 47,000 ohms, 1/2 ¥ JEET=45
R-%3: V=13 grid Fized, 120,000 ohms, 1/2 W J569=53
R=54 V=14 grid Fixed, 220,000 ohms, 1/2 ¥ J565=53
| B=55 V=14 and V=15 cathode hins Fized, 180 ohms, 2 W J572=1b
R=5d Output lond Fized, 47 ohms, 2 W J572=21
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PARTS LIST (CONT'D)
SYMBOL | FUNCTION | DESCRIPTION DRAWING NO.

RESISTORS (CONT'D)
R-%7 T=1 antennn load gsed on A coil ser Fixed, 22 ohms, 1/2 W 15695
R-58 VT sereen dropping Fixed, 47,000 ohms, 1/2 W J560=-45
R-59 VB A.V.C, fileer Fixzed, 470,000 ohms, 1/2 W J565-57
Rt} V-8 cathode Fixed, 150 ochms, 1/2 ¥ ]3651%
R-61 V-B screen deopplog Fixed, 47,000 ohms, 1/2 W J569-4%5
R~62 V-8 plate filver Fizxed, 2,200 chms, 1/2 ¥ 156529
R=63 Wall screen bleeder Fized, 100,000 chms, 1/2 W JEE9-40
Rt V-10A plate load Fixed, 39,000 chms, 1/2 ¥ J565-44
R=65% Well acreen fileer Fixed, 100,000 ohms, 1/2 ¥ Ja60-49
Rt V-10A cathade Fized, 1000 chms, 1/2 ¥ JE6e-25
R-67 V=12 plate load Fized, 220,000 ohms, 1/2 W JE68-55
R-G8 V-9 eathode Fixed, 33 ohms, 1/2 W J569-7
R-50 V-11 plate Flxed, 220,000 ohms, 1/2 W 156553
R=T0 Dimmer control Yariable, W.W. 15 chms K915=13
R-T1 Ved plate equalizing Fized, 22 ohms, 1/2 W J565-5
-T2 ¥-12 filament dropping Fized, W.%. 4.5 chms, 1 ¥ K0o8-48

MISCELLANEOUS

E-1 Antenna input terminal Screw type, theee erminals EI6I-3
E-2 B+ switch terminal Screw type, thoee terminaly E261-7
E-3 Aundio cutpat terminal Screw type, three terminals E258-2
F-1 Fuse 3AG 2 amps ar 125 v F135-19
1 Dial lamp No. 47 Fl3&-6
I-2 Dial lamp Mo, 47 Fl136-6
I3 5 merer lamp Mo 47 F L1366
J-1 Phono jack Simgle circuit © el
]-2 Phooo jack Multi-cireult Filg-1
L-1 Filter choke 17 henries BE6F-1
L-2 T<h tuning Yariable iron core inductes SA:3009
L-3 T=& tuning Variable iron-core inductor BA:3366
L-4 T=6 tuning Variable iron-core induccer SA: 3905
L% T=f runing Variable iron-core inductor SA:3366
L& T-7 tuming Variable iron-cote inductor SA:3005
L-7 T-7 tuming Varinkle iron-core inductor SA:I LGN
L-B T-7 runiag Variable iron-cote inducio 5A:31905
L-0 T-T tuning Variable iron-core inducear SAA MG
L-10 T=B mening Variable irorecore inductor SA:390%
L-11 T=B naning Variable iron-cote inductoe SA: 3366
L-12 T-5 input tuming Varinble iron-core inducios SA0202
L-13% T=% outpiat paning Variable lron-core inductor SA:9201
L-14 T coupling B.F. choke, 1.1 mictchenries SA:6072
L-1% T-7 coupling R.F. choke, 1.1 microhenries SA:6072
L-16 T=11 runing Variable irot-core inductor 5A:5419
L-17 T=% puning 1555 kc. SA9204
L-18 T=-10 raning 010 ke. SA:9206
L-19 T-10 tuning Part of L-18
L-20 Speaker ourput choke 1 microbenry SA:iem
L-21 Extermal B+ filter l microbenry SA:3992
L-22 External B+ fileer 1 microbeney S4 3002
L-23 Extermal B+ fileer 1 microbensy SA:3002
M-1 5 meoer 01 =a. 9/S scale JoBd-5
P-1 Select-o-ject plug Deral SA:6569
P2 AT, jusmper plag Detal SA:3TAL
%1 T=1 B.5.=G.C. swltch Twise typé, two position BA:6T49

-3-
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PARTS LIST (CONT'DY)

SYMBOL FUNCTION DESCRIPTION DRAWING MO,
MISCELL ANEOUS (CONT'D)
532 T=2 B.5 = G/Co awitch Twist type, two positiona SAETED
5=3 T-3% B = GG swlech Twist type, two position SA6TAR
4 T—4 B.5, - G.C, swiech Twist cype, two position SA:6T4D
55 Selectvity swicch Six position, double pale E195=1
L AN.C, Do-DH switch SPST, bat handle, toggle E230=2
=7 Contsol switch Double-waler, fourpoaiton 0021
5-8 Crystal calibeare switch Center position open P738=1
5=0 AC. switch Part of R=40
5=10 T=13 primary selector switch DPDT toggle H340—4
5-11 Be switch SPST roggle E230-2
=12 Limiter switch Part of B=36
513 Toae awitch Part of R=4B
S5=14 2nd, conversion switch Sliding cype RO2T=1
T=1 Firat RB.F. amplifier cransformer .
A band 14.0 = 530 me. SA-6654
B band 7.0 = 14.4 mc, SA6TSS
C band L5 = 7.3 me. 1 SAETIR
D band 1.7 = 4.0 me. SAGH3S
E band 000 =20%0 ke, SA:6513
F band 480 — 960 ke, SA:6G6D
G band 180 = 430 ke, SA666S
H band 100 = 200 ke. SA:6803
] band 50 — 100 ke. SA:680B
AA band 7= 30m SA:GB14
AB band 15 = 35 mi. SA:G6TS
AC band 21 =21.% mc. SA:B073
AD band W= 54 me. SA:9261
T=2 Second B.F, amplifier cansformer
A basd 14 = 30 mc. SA6TS1
B band 7 = 144 mc. SA92%8
C band 5= T3 me. SA:G641
D band ) 1.7 = 4 me SA: 6637
E band 900 = 2050 ke, SA:6540
F band {80 = 960 ke. SA:6662
G band 180 = 430 ke SAGSET
H band 100 = 200 ke. ShGH6D
] band 50 = 100 ke. BAGROD
AA band 277 = 30 mec. SA:9247
AB band 25 = 35 me. SA:6818
AC band il = 1.5 mec. SA:BOT4
AD band 50 = % mc. SAD262
T=3 Mizer transfosser
A band 14 = 30 me. SA 6752
B basd 7 = 14.4 me. 5A:9259
C band 3.5 = 7.3 mc. SAsbig2
[ band . L7 = i me. SA:G638
E band 000 = 2040 ke. SA:6TED
F band 480 - 960 ke. SA6TM
G band 180 = 430 ke. SA:GEDD
H basd 100 = 200 ke. SA:6E04
] band 50 = 100 ke. SA:6810
AA band 7 - 30 me SA:9248
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PARTS LIST (CONT'D)

SYMBOL FUNCTION DESCRIPTION Iulmms NO,
MISCELLANEOQUS (CONT'D)
=3 Conr'd
AB band %= 3 me SABETE
AC band 21 = 1.5 me. SA:B0TS
AL band W= 54 me S0 266
T—4 H.F. oacillame transformer
A band 14 = 30 mc. A%
B band T = 1d.4 mec. SA G0
C band 5= T.3me SA:6TED
D band 1.7 = 4. SA6TTG
E band 00 = 20%0 ke. SA:6631
F band 400 = 960 ke. SAETOS
G band 180 = 430 ke. 5A:6TBS
H band 100 = 300 k. SA:GB05
] baad W0 = 100 ke SAGRI1
AA band IT = 30 me. SA0249
AB band 5= 3 oes SA9265
AC band 21 = 1.5 = SA:9268
AD band 8 o= 54 me. SAG267
T-5 Crysml filter SA019%
T 2ad. LF. transfocmer 455 ke. SA:B448
T=7 3pd. IL.F. cmnaformer 455 ke. SA:B448
T-8 Detector inpuat tranaformer 455 kc. SA:3363
T=0 Oseillacce crans formes 1555 kes SA:0M3
T=10 I.F. tans former 1940 ke SAR205
T=11 C. 9.0, uansfomer 455 ke, SAD193
T=12 Audio owtput cransformer Pri. 10,000 chms Sec. 8/600 ohms PLET=1
10 watts
T=13% Powet cransfcemer Primary: verm, 4 and 5, 115 volea 55151
perm, 4 and 7, 230 volts
Se¢ondary: term. 2, | and 3, 6. 3-0-7
wolts
Secondary: verm. 11 and 12, § volts
Secondary: term, 8, 10 and 9, IT5-0-
75 V.
Secondary: term. @ electrostatic :Iuiekﬁ
V-1 Flrst RLF, smplifier GBAG
V=2 Second B.F. amplifier GEAS
V=3 Mizer GREG
Wi H.F. oacillator G4
V=35 Second converter GBEGL
V= Firat LF, nmplifler G5GT
Va7 Gecond LF, amplifier 6567
V=g Thisd LF. amplifier 65G7
Vg Second detector amd AY.CL GHE
V=10 Phase invereer = 5 meter amplifier GSNTGT
V=il . ¥, cacillator H8]7
V=12 Moise llmlter BHE
v=ly | Audio amplifier 65]7
V=14 Auwdle curput GVEGT
v=13 | Audio cutput §VEGT
¥W=16 Velmge eegulator 0Bl
¥=17 Recdfier SWAG
. 9
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PARTS LIST (CONT"IY

SYMBOL FUNCTION DESCRIPTION !nannm NO.
MISCELLANEOUS (CONT D)
¥=18 Current re galacos dHAC
X=1 W.B.F.M. socket ﬂ'l!tll jﬂ!-]
X=2 Crystal calibratce socket el J625=2
X=3 Select-o-ject socker Ol J625-2
K=d Battery socket Oetal 6262
Y=l Crystal resonatos 455 ke. E9T0=1
MECHAMICAL PARTS MECHANICAL PARTS (CONT'D)
DESCRIPTION AT, CO, md DESCRIPTION NAT. CD. TYPE
Knob for antenaa wimmer SA:T021 Shield for BSW cerminal Kdd5=1
Koob for tone adjusting SA:T021 Bakelite slide for gulding coll sees (2)] D393=3
Koob for dial Light dimmer SA:T021 Fuse extmctor poar E310=1
Knob for crysml phasing SALE5E Coil et pull levers (2) SA:T7001
Knob for C.%.0. adjustng SA:6868 Drum dial assembly SAD246
Knob for selectivity switch SAGBED Drum (mo scales locladed ) 5A: 7922
Knob for limlter swicch SA:68T0 Gear pulley Eﬂsliﬂlﬁ
Knob for A.F, gain SA:6871 Speing (2} P2l6-
Enob for R.F. gain SAGBET Bearing washer MI53=2
Keob for control switch SA:G58T Speing washer ]'.I'IB-'.;
Knob for main taning SA6586 F:-.- rusning shaft P221=
Speing washer for grounding maim | LOGT=1 ¥ ring t??l-i
tuning koob hﬁﬁ 5:1}:'_5-5!6
Main fenl it (comple SB:2T64 Dial
lu:uﬂy;‘ e " Speing for dial cord PIth=1
Brash boards (4) SA:6575 Dyue stop ::'n-:
Shaft for control switch Déid-2 Stop spring 5;;;5
Coupling for coatral swicch sAn Dial suppost plate ey
Shaft for C.9.0. control Q53d=2 Pﬁtr Pap
Coupling for C.W.0. control shaft | SA:22 Dial poiacer v
Bracket for mounting C.W.0. ROZ8-1 Pointer rail i
capacitor .| Dial light socker (2) il
Shaft extension for phasing coatrol | CH96—4 [Hal scale for Basd A P136=1%
Coupling foe phasing coatrol shaft | D694=2 gih-i :::11: :: Ma..dg :ﬁ‘;;ﬁ
mt MomeE co . | R Dial scale for Band D P136=d
Lever for actuating coaversion RO30=1 il;;nll for Band A (bandspread Pl6=17
switch
Socket assembly for 5 meter lamp | K377=4 5
Socker for mininture tubes (6) SA:40156 il;:llﬂl! for Band C (bandspread Pl36=
Fitee washers for mounting H285=10 P1
miniature whe sockets (12) 2;:}.:'1# for Band D {h-lil-l]l!ﬂ H—"
Shield for miniatore tubes (5) SA:3387 5
Shield base for miniature tubes (5) | SA:3847 g:: ::::E E Band E:; ::.;g‘ 5:“
Octal ube sockers (16) Je2s=2 TS " P Band ; Ay
Spring clamp for type OB2 whe SB:1292 scale Band Ad Pl.uﬁ_!.ﬁ-lg
A, Une cord ESdd=2 Dial scale for Band = i
| Lock for A.C. line cord ROZ5-2 Dial scale for Bacd
=3
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PARTS LIST (CONT™D)

DESCRIPTION

NAT. CO. TYPE]

MECHANICAL PARTS (CONT'D)

Hal scale for Band AC
Dial scale for Band AD

P136=14
Pl36=21

MECHANICAL PARTS USED ON TABLE MODEL ONLY

Chassis mountiag angle beacket
(right)

Matdeaal Co. insignia
Bracket foe 5 meter

Rubber mounting foot (4)
Cabinet back

Cabinet cover

Cabiner bottom

Cabinet sraparound
Covechinge [2)

Cover stop sngle (2)

Knob for cacillator trimme:
Knob for band scale selector

Chassis sounting angle boacket {Ielu’ P244=1

P244=1

J791=4
J570=2
K899-2
5A:9276
JT01-8
SA:GLER
SA:0271
Ja2s=2
KTiE=1
SA:7021
SA:TO21

MECHANICAL PARTS USED ON RACK MODEL ONLY

Front pasel

Side plate (left)

Side place (right)

National Co, insigais

Dust cover

Thumb screw fog dust cover (2)
Knob for oscillator oimmer
Knob foe band scale selecioe

SA:9281
P302-1
P302=3
1791=3

SA:5283
L309-2
SA; 7469
SA: 7470

=X=
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Figure No. 108, Capacitor and Miscellaneous Component Locations, Bottom View of Receiver
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Figure Mo, 12, Schematic Diagram, Coil Sets AA, AB, AC, G, H and |
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SECTIOH &.

ACCESSORIES

KCU-50-2 CRYSTAL CALIBRATOR
HFM=83=50 HARROW-BAND F.W. ADAPTOR

£505 YIBRATOR POWER SUPPLY
MRR-2 MOUHTING RACK
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INSTRUCTIONS
FOR THE
HATIOHAL XCU-50-2
CRYSTAL CALIBRATOR UHIT

GENERAL

The type XCU=50=1 Crystl Calibrator Unic is designed expeessly for use within HRO receivers. Ir ueilizes
an elecwoa-coupled oacillator circuin controlled by a dual crysml (Valpey type DF5). This type of crystal provides
two crystal-controlled marker frequencies of 10 kilocycles and | megacycle. When plugped inte the Cryscal Calj-
brator Socker, X2, che XCU sutput is loosely coupled to the first R.F. amplifier inpat circuit. Selection of either
the 100 kilscyele ae 1000 kilocyele ceyatal-coatrolled signal is made possible by the front-panel mounted Calibeate
switch on the receiver.

INSTALLATION

The XCU=50=2 calibeator iz installed in the HRO=6D receiver by plugging the wnit into the Cryseal Calibeator
Socker, X=1, on top of the chassis. A slomed-head screw mousted chrough the top of the unit is provided to baly
the unit o the chassis.

A trimmer CapaCitor, C--l, is connected across the crystal to permit adjustment of che frequency of the 100
kilocycle ourpur marker when the wnit is operated ar locations where the tempecature is vasdy removed from that
of notmal room temperature, This capacitor should never require adjustment unless such abnormal temperanures
are experienced. To make the adjusiment proceed as follows:

(1} Plug in & coil set suitable for the reception of WY oa one of the various frequencies utilized by this
sandard frequency sgion.

{2) Adjust the receiver for normal A.M. operation as explained in Section 3=1.

{3} Set the fronrpanel mounted Calibeare swicch at the 100 kilecycle position.

(4) Tune in the sigoal from TY at & time when the signal i unmodulaced,

(5} Adjust the wimmer capaciter, C=1, located ax the top of the calibeates unic so thar the 100 kilocycle
marker signal harmoaic is zero beat with the signal received from WWV.

OPERATION

The XCU=%0=2 Ceysml Calibrator provides a means of checking the accuracy of the frequeacy calibeation of
the receiver, The [roat-panel mounted Calibrare awicch marked 100=00=<1000 connects B-plus tw the Calibrator
for instantaneous service. At the same time this switch selects elther the 100 or 1000 kilocycle marker signal.

Te check calibeation accoracy mane in the desired marker signal with the Contral switch ser ar C.W. and zero beat
the receiver with the harmonic marker. 1f che micrometer dial and the slide-rule dial do oot read accurately correcs
tion should be made by adjusting the front-panel mounted Ose. wimmer contrel, Oaly a slight adjustment of the
Ose, timmer control should be necessary, [f calibration is way off the plug-in coil a¢r probably requires realign-
ment and reference should be made to Section 4.
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PARTS LIST

SYMBOL FUNCTION DESCRIPTION MAT. CO. TYPE
Cal 100 Ke. maning Ceramic, varlable, 6=20 mmf, E3lLl-2
C-2 B+ Filter Faper, .1 mfd. 400 vdew Da2T-12
C=3 Screen Filrer Paper, .1 mfd, 400 vdew Dazv-12
C-4 Output Coupling Ceramle, 10 sl 300 vdew HET2-1
-5 Feedback Ceramic, 3 mmi. 500 vdcw Jbirs-4
=i Screen Bypass Ceramic, 100 mesf, 500 vdew DE2SD421
L-1 100 Ke. inducoo $mh. eype R-100 SA:2608
L-2 1000 K. inductor 1560 microhenries SB:115%6
Pa1 Flug Oceal E783-1
R-1 Grid Fized, 4.7 megohms, 1/2 W J569-65
R-2 Mot used
R-3 Sereen Deopping Fized, 22,000 chms, 1 ¥ 1571-41
H-4 Plate Fized, 470,000 ch=s, 1| W J1571-57
Vel Oscillaror tube GAKS
¥l Cryaal Resonator Quarrz, 100=1000 Ke. 560-1
G-4
IL
A1
QU UF
R-4
470K

NOTE 3
CAPACITOR VALUES=MICROFARADS

RESISTOR WALUES=OHMS

EXCEPT A5 NOTED L2

K=1000
MEG=1,000,000

Figure No, 15, Schematic Diagram, XCU=50-2 Calibeavor

=idfy=
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IMSTRUCTIONS
FOR THE
HATIOHAL HFM=83-50
HARROW-BAHD F.M. ADAPTOR

INSTALLATION

The NFM=83=50 is installed in the HRO=60 receiver by plugging the adaptos wnit into the N.B.F.M. Socket
X=1 on the top of the chassis. A mounting beacker is fumnished to hold the adaptor unit securely in position. The
adaptos unie is aligned ar National Company laborarctics and realignsent i3 not necessary.

ALIGHNMENT

The NFM=83=50 is carefully aligned before shipment and no realignment is required aunless the adapeor is
accidently migaligned. The necessity of realignment can be determined by the AM. rejection capabilities of the
adaptor unit. Proper alignment will be indicated when the maximam AM. rejection occurs af the ceater of the AM.
carrier. Maximum S-seter reading will indicate the center of the carrier.

The equipment required for alignment is a high-impedance vacuum tube woltmeter and an AM. signal geneta-
tor. The signal generator used should have an curpar reasoaably free of any frequency modulation. The use of &
broadcase seation as a signal source, in place of a signal generator, would provide a test signal meering the above
requirement. In any case, the signal strength of the test sigaal should be of the order to provide an S-mecer reads
iong of from 2 @ 5 S-units when the HRO=60 is cotrecely tuned o che test signal,

The peeliminary aligament procedure is as follows:

1. Connect che high-impedance voltmeter between the test point jack, -1, and chassis. The polarity of
the voltage will depend on the alignment of tse adaptor, coanect the voltmeter to obtain an wp-scale reading.

2, Connect a signal source to the antenna terminals, A and A, at che rear of the HRO=GD. If a signal
generater is used make the connection through a 300 ohm dummy load and select a frequency in the standard
broadcast band.

Se the Control switch at M. F.M.

%et the Selectivity switch at Off,

Set the Limiter control ar OF.

Plug in the E coil set, 900 to 2,050 ke. If chis coil ser is oo available use the [ coil set, 1.7 to 4.0

Py

7. Secche B plus swicch at On.

8. Set the AV.C.=0H switch at AV.C.

2. Tuara the R.F. Gain coatrol o 10.

10. Adjust the A.F. Galn coatrol for the desired volume.

11, Tune the test signal by adjesement of the Main Tuning keob. The cormect maning poing is the setting
that produces mazimism S-meter reading.

Alignment is effected as follows:

1. Demae both primary, L=1, and secondary L.—2, LF. wimmers by rotating the screw adjusmmencs antil
they are withdrawn from the shield can as far as possible. The adjustment with the dot of red paint opposite it is
the primary trimses L—1.

2. Tune the primacy wimmer, L1, for maximum reading on the volmmeter, If two peaks in output are cb-
served, the correce peak will be the firse one encountered when rotating che screw adjustment into the shield can.

3, Tune the secondary trimmer, L~2, for & zero reading on the voltmeter. It will be moted that there is &
crossover in the polarity of the test voltage at this point.

4. Adjust the capacitoe, C=9, for o null in the audio outpur. This capacitor is accessible after removal
of the button plug on the side of the adapror unir,

5.  Adjustment of capacitor, C=9, may affect the zero volmge reading obtained by adjuscment of the se-
condary trimmer, L=2. TRetrim L—2 and C-9, as necessary, antil both & z¢ro velage reading on the voltmeter
end a mull in the asdio ourput are chiained.
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PARTS LIST

SYMBOL FUNCTION DESCRIPTION MAT. C0. TYPE
. LF, Amp. Coupling Ceramle, 10 Mmf, 500 vdcw D250 =402

Inpur Divider Ceramle, 38,5 Mmi, 500 vdew DAZSD=414
LF. Amp. Cathode Bypass Mica, 0.01 Mid, 300 vdew [ 1
LF. Amp. Serecn Bypass Mica, 0.001 Mid, 300 vdcw J665=71
T=1 Primary Tuning Mica, 100 Mmf, 500 vdew H300=7
T=1 Secondary Tening Mica, 180 Mmi, 500 vdcw Hs00=3
T=1 Secondary Tuning Mica, 180 Mmf, 500 vdew HS00=3%
T=1 Secondary Tuning Ceramic, 38 Maf, 500 vdew DazsD=424
T=1 S¢¢, Balance Adjustment Ceramic, Yariable, 7=15 Mmf, EM1=4
Dis. Cathode Filter Elece. 1 Mid, 430 vdew E338=10
B Sapply Bypass Mica, 0.01 Mfd, 300 vdew J 66656
R.F. Filter Mica, 470 Mef, 500 vdew J665-56
Andic Coupling Mica, 0.01 Mfd, 300 wdew J566=54
LF. Amp. Grid Leak Fized, | Megohm, 1/2 W K379=61
I.F. Amp. Cathode Bias Fized, 1,000 Ohms, 1/2 ¥ K3T9=15%
L.F. Amp. Screen Deopping Fized, 47,000 Ohms, 1/2 W K379=43
R.F, Fileee Fixed, 47 000 Obms, 1/2 W K3m0=4%
Disde Load Fized, 15,000 Obms, 1/2 W Ki79=%
Diode Load Fized, 15,000 Obms, 1/2 W KiTe=38
Decoupling Fized, 4,700 Obms, 172 W J569=33
Tesr Polax Tip Juck, Bakelie KdZIl=]
T=1 Primary Inductor Adjagmable lron-Core SA:4E02
T=1 Secondary Inducos Adjustable Iron-Core SA:4891
Adapror Unle Plug 8 Prong Ceual K783=1
Discriminator Transformer Railo Type 455 Ke. SA4EOD
L.F. Amplifier 65K7
Discrimina tor GHG

W=l V-2

ESMT I1£2 BHE

I.LE. AMPLIFIER

-1
i
o
QI
R-T
A
"=l aree L ey
A TING VILW JOILLF
T
2 vl
i V-2

DISCRIMIMATOR

s
ZR-5
:lllﬂ :E-Iﬂ-
. TUF
'F
::n-:
1.1

WOTE : GURACITOR VALUE § = W) CROMICROFARA DS
EXCEFT AF NOTED,
RESISTOR VALUES = ONMS E=/000
M= 000000

Figure No. 16. Schematic Dingram, NFM=B1=30 Adaproe
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INSTRUCTIONS
FOR THE
HMATIONAL TYPE £503
YIBRATOR POWER SUPPLY

GEMERAL

The Navlonal Type 6305 Table Model Vibeator Power Unit has been designed to fumish complete operating
voltages for the HIRO=60 receiver. The unit operates from a f—volt D.C. supply and provides approzimately 150
voles DLC, at 70 milliamperes in aermal operation. COurput volmges for both A and B supply ase avallable ar a
four prong socket for convenient conmection to the Receiver.

The $%05 consists of a vibmeor unit utilizing an OZ4§A type rectifier tube and a vibrator in a circuit employ-
ing efficient FLF, filtering of vibragor hash., Further filtering of the low frequency or audio hum component in the
output is accomplished by using dhe pegulae fileer sysrem in the recelver.

INSTALLATION

The §545 unit is supplied with o battery conmecting cable as well as an interconnecting cable to facilieace
confection o the receiver.

Uareery clips are provided on the battery coanecting cable W=] for convenient coanection to & B=volt storage
battery or similar soarce of power. The interconnecting cable W=2 is rerminated at one end in & four-prong plag
to mate with the socket X=1 of the 6%05. The other end utilizes an octal plug to mare with the power socker
X—4 afthe peas of the HRO =G0 receiver. The receiver A.C, jumper plug P=2 used for A.C. operation mast be re-
moved from the power socket. Figure Number 17 shows the Schematic Wiring Diagram.

The 6305 Vibrapack Unit bhas been completely teated and sdjusted ac the factory to provide efficient and
economical service when used with the HRO=60 receiver. An adjustment conwol switch has been furnished for
increasing the Heplus cutput, This is a screwdriver coatrol available through an entry hole provided at the rear
of the $505, The coatrol switch has four steps from approximarely 1530 volts of filtered DT, at 70 milliamperes
in the exmeme counterclockwise position (step 1) o approzimarely 210 volts at 90 millismperes in the fully clock-
wine position [step 4}, It is recommended that the receiver be operated at the lower B voltage in seep 1. The
total battery drain is approximately |1 amperes when furnishing power w the receiver if the NFM-g3-30, XCU=30
=1 and 50] =3 units are used. If che receiver ls used without these accessories the total drain is approzimately
0.5 amperes. The V.R. pobe does not light under these conditions but the receiver will operate normally and
operation from a storage battery becomes peactical, In step 4 dhe V.F. rube will light and full receiver output
will be obained bur the drain on the storage battery will be approximarely 15,5 amperes when all accessories
are utilized., Without these accessories the ol receiver drain from the bamery will be approximarely 13,6 am-

peres.

The two intermediate coatral swlech steps 2 and 3 should not be used as the volage obtained is approximate-
Iy the walus required to fire the V.R. tube in the receiver. Under this condition the V.R. tube may fire on and off
sporadically resulting in erratic operation of the receiver.
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PARTS LIST

SYMBOL FURCTION DESCRIFTION MAT. CD. TYPE
-1 Filter Capacitor Elec. 500 mfd, 1% vdew E138-7
E=1 Yibeapack Unit 6 ¥.0.C. Malloey Type YP354 2arl=1
F-1 Fuse 20 Amperes 25 volts type 3 AG F135-18
L=1 G=volt Line Filter 14 microhenries, iron core SA:BGD
8-1 G—vals Line Swicch Teggle 5.P.5.T. El1x-2
W=l Rectifier Tube Type DZ4A
¥=1 G=valt Line Conmector Two Coatact SA: 100
-2 Interconnecting Cable e ead terminated in four proag plug;
other in an ol plug
¥=1 Vibratoe & V.DLC, Mallory Type 825C
=] Crutput Socket Four Prosg Female E3l9=0
Y- V-l
L] ] _:l"'._‘-""..r
' P
oo
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Figare Mo. 17. Schematic Diagram, 6505 Vibeator Power Supply
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INSTRUCTIONS
FOR THE
HATIOHAL MRR-2
MOUHTING RACK

The MRR-2 Mounting Rack is shipped from the factory in knocked-down form with all necessary hardware.
Assemble the rack according to Figure No. 18,

STEP NO.J
FASTEN THE TWO WARROW STEEL STRIPS TO
THE AMGLE UPRIGHTS USING THE FOUR
# B=32 FLAT HEAD SCREWS

STEF NO.Z
USING THE FQOUR
FLAT HEAD I4"=20
SCREWS AND NUTS
FASTEN THE TWwO
STEEL STRIPE EROM

CORNER TO CORMER STERP NOD. 3
OF THE ANGLE IHOM INSTALL THE
BASE. INSERT SCREWS EQUIPMENT IN
THROUGH THE THE RACK
BOTTOM OF THE USING THE

BASE USING THE
OUTSIDE HOLES.
[THE IMNER HOLES
ARE USED FOR
MOUNTING THE
RACK TO THE BENGH
IF DESIRED.)

#B=32 TRUSS
HEAD SCREWS.

FASTEN THE TRIM S5TRIPS USING THREE TRUSS HEAD
SCREWS ON EACH STRIP

Figure Mo, 18, MRA-2 Rack, Assembly Instructions
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Siandard Form Warraniy
Adepted by the Madie Manufacturers Association, Ine.

This equipment is warranted to be free from defective material and workmanship
and repair or replacement will be made of any part which under normal installation,
use and service discloses defect, provided the unit is delivered by the owner to the
manufacturer or through the authorized radio dealer or wholesaler from whom pur.
chased, intact, for examination, with all transportation charges prepaid to the factory,
within ninety days from the date of original shipment from the factory, and provided
that such examination discloses in the manufacturer's judgment that it is thus defective.

This warranty does not extend to any radio products which have been subjected
to misuse, neglect, accident, incorrect wiring, improper installation, or to use in
violation of instructions furnishied by the manufacturer, nor extend to onits which
have been repaired or altered outside of the factory, nor to cases where the serial
number thereof has been removed, defaced or changed, nor to accessories used there-
with of other manufacture.

Any part of a unit approved for remedy or exchange hereunder will be remedied
vr exchanged by the authorized radio dealer or wholesaler without charge to the
GWIET.

This warranty is in lien of all other warranties expressed or implied and no
representative or person is authorized to assume for the manufacturer any other
liability in connection with the sale of their radio products,

Mational Company, Ine. reserves the right to make any change in design or to
make addition to, or improvements in, its products without imposing any obligations
upon itselfl to install them in itz products previously manuofactured.
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NATIONAL COMPANY, INC.
MALDEN. MASS.
U. S. A

Shi-A00 . 158
PRIMTED IN U.5.4A.
ER: 459
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