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HRO-60 Receiver

FEATURES . ..

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

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

Automatic, 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 Supply

Watiael Company, Ine.
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THE HRO-60 RADID RECEIVER

SECTIOH 1. DESCRIPTION

1=1. GENERAL

The HIRO-60 is a deluxe radio receiver featuring performance and versatilicy. [t uses eighteen twbes includ-
ing a eectifice, a voltage regularoe and a current regularor tabe. [t consises of a highly selective supecheterodyne
circuit for the reception of code and phone signals throughout the frequency ranges of %0 to 430 and 480 w 7000
kilgeyecles. When receiving phone of code signals in the range of 7,000 w2 35 000 and 50,000 to 54,000 kilocycles
the receiver is automatically switched 0o a doulle conversion supteheteradyne circwit resultiag in cxcellent image
rejection. The HROD type receivers have long been outstanding and proven perforsers in Communication and Ama-
teug seevices. This new series of HHD-00 receivers maintains all the desirable features of the previous models
nlps many desicable_innovatinns emanatine from the latesr advances in eeceivaas  cuitry and mechanical design.

[t is housed in a cabinet styled in an attractive gray (inish with a self-contalned power supply adequarely isolared
feom the H.F, circuits. A calibrared, illuminaced slide-rule dial provides direct reading in megacycles lor each of
the wrencral Coverage codl seis as well a3 an additional bapdapread scale for those coil sets incorporating this
feature. A front-panel mounted oscillator trimmer control 4% provided go ansure precise calibragion. OF course, the
-:‘thi-d.:i.uin; mechanism features the micrometer dial. Swable np-rr.liurl and feeedam from dralt age achisved h:u" mE AN S
of ceramic insulation in the coil sets and brush boards, temperature compensation, voltage regulation and carrent
regalation of the oscillator and miver circuits. A single front-pane] mounted contral switch selects any one of the
four modes of operation, C.5., Phonse, Nareowsdand FAL or Phono. Sockets are mounted on the recciver chassis

o mecomodare the Macional Type NFM-83-50 FM adaptor and the Natienal Type XCU=50-2 Crysoal Calilrator Unit.
Ihese accessories may be persanently insralled aad swicched On and OFf by means of the front-pane] switches.

. At the rear of the teceiver, sockets are available for external use of the Nacional Type 50]-3 Select-0-Ject and
MNatiomal Type 6305 vibrator Power Supply or batery power supply. A push-pull awdio system delivers the urmost
in audia frequency response and undistoried power outpat from the builedn outpur eransfosmer, Chher haghlights
include a six=position cevaeal filrer, maximum bandsorpadine pf the amateor bands. & aujck-actine pandsorgad

swibcn-aho d oimmer conotel rof ine' slinedtmd oial apd S.mever lamps.

A standard equipsment consists of a receiver, loudspeaker and coil sers A, B, Cond I Coil ses E, F, G, H,
1, AA, AR AT and ALl mav br abesjoed as_desived. Aceessories available snclude the Narional tvnes NEM-B350
" warroweband FoAL adapror, XCU-50-2 Crystal Calibeator, 50]-3 Selecr-0=] oot and 6505 Viboaror Power Supply.

l=2. CIRCUIT

Foe all bur the lrequency ranges above T megacycles the circait utilizes fwo funed stages of fadio frequen:
amplification, a tuned mixer stage, & high-lfrequensy escillaws employiag a whe separate from the mixer tube, a
fiene intermediate frequency amplifier stage employing a variable-selectivity erysial fileer and two addiviemal 1L.F
amplifier stapes all opecating at 455 kilocyeles, a combined second decector-automatic volume control stage, an
S-Mecer amplifier, a double-action adjustable theeshald double-dicde aaise limiter, a firse audio amplifier, a phas
inverter, & pushepull audio amplifier and a bear frequency oscillator coupled to the second detector o provide fo
L%, receprion.

When any of the coil seis covering & feequency range above 7 megacycles are plugged in, the automatic con
verslon switch coanects a second conversion stage ahead of the 45%-kilecyele LF. amplificr. This consisis of
single tube functioning as & combined mixeroscillaror. A frequency of 1990 kilecycles 23 kilocyeles is used as
the firse conversion frequency.

All voltages required by the receiver are supplied by a built-in power supply, A voluage regulacor mabe is
used o regulate the plate supply to the highsfrequency oscillaror and the S-Mewer amplifier stages, I addition,
& gurcent regulator tube is used o stabilice the filament welrage of the high fequency oacillator and the mixer,

1=3. ANTENNA INPUT
Antenna input terminals are provided ar the rear of the receiver. The ingut circuir is suiable for operation
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with a single-wire antennn, a balanced feed line or a low impedance T2-ohin uabalanced concentric framsmiszion
cable. The actual antenna input impedance is berween 300 and 600 obms depending on the frequency of the input
signal.

1-4. TUBE COMPLEMENT
The HRO-GD peceiver is supplied complete with tubes which are tesved in the receiver ar the time of alignment.

The tubes employed are as follows:

Ficse B, F, Asplifice GBAL
Second R.F., Amplifier GRAL
Mixer GBEG :
High-Fregquency Oscillator GC4
Second High-Frequeacy Converter GBEG
Firse LF. Amplifier GSGT
Second LF. Amplifier GRGT
Third LF. Amplifier H5GT
Seepnd Derecr - ALV.C. GHG
Molse Limiter BHG
S-Meter Amplifier - Phase Inverter GENTGT
Firsr A.F. Amplifier ﬁgj?
Audio Chaepug (2) GVOGT
Beat Frequency Oscillator 45)7
Voluge Regulacor Dp2
Cuaerent Regulacor fH-4C
Rectifier V4G

1-%. TUNING SYSTEM

The frequency ange of the HRO-60 is covered in thirteen bands as follows:

COIL SET  GENERAL COVERAGE BANDSPHREAL

A 140 - 30.0 Me. 270 = 3.0 Me.
B T o= 144 Me. 140 - 14.4 Me,
C L5 = T3 Me. 7.0 - T3 Me
b LT - &l Mc. 35 - 40 M.
E SO0 - 2050 K,
F 480 - D60 Ke.
L 180 = 430 Ke.
H 100 - 200 Kc.
I 50 = 100 Kc.
AA 27.0 = 30 Me.
AB 25 - 35 Me.
AC 21.0 = 2I1.% Me.
Al o= 54 e

As shown above, plug-in coil set types A&, AC, ADYy A, B, C and D provide bandspeead coverage of the 6,
1011, 1%, 20, 40 and 0 mevee amareur bands, The AA, AC, AD, B, C and D bands ace spread out &0 48 o cover
400 dial divizgions while the A band is spread 430 divisions on the SO0-division main cuning dial, This is sccom
plished by switching & small vasiable capacitoe in series with each section of the main uning capacitor, thus re-
ducing its effective capacity range. All of the coil scts are factory aligned in the receiver using accurate cryseal-
controlled test ascillaors thus asswring precise alignment

The micrometer tfpe dial dfives the main roning capacimr through a worm drive haviag a reduction ratio of
apptoximately 20 to 1. Backlash is eliminated by the use of a spring-loaded split worm wheel which assures posi-
tve drive in either direction at all times. This dial has an effective scale length of approximately twelve feet and
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iz calibeaged from zeco o S,

A slide-rule type dial is synchronized wich the micrometer dial by means of an anti-backlash gear and an cf-
ficient sting deive armagement. A dial drum provides a means of mounting eight scales. Each of these scales is
calibeated in megacycles for the general coverage and/or bandspeead frequencies depeading on the coil set. Mount-
ed oo the Front panel is a band selector control for ease in retating the dial drum to select the propes band seale w
correspend to the coil set in use. Each scale is eleacly marked with the band designation. Two pilot lamps are
used, sae at each end of the dial scale drum, for illaminatiosn. The degeee of illumination is controlled by the
fromt-panel mounted dimser contrel,

1-f. CRYSTAL FILTER

The selectivity characteristies of the 1IRO-60 are made adjustable by means of o crysml filter. Located in
the fiest inteemediate frequency amplifier chis cryseal fileer is designed for extreme flexibilivy and efficiency of
operation. A siz-position Selectivity switch and a crystal Phasing conwol are front-panel mounted for adjustment
of the filter, Figure Number 1 shows the selectivity characteristics of the receiver for each of the six degrees of

selectiviny.

The crystal filter may be used for either C.%, or phone reception; any degree of selectivity from troe single
_ signal o AM, broadcast reception being available. Operation of the Phasing control provides for efficient sup-
pression of intecfering C.W. signals or M.C.W. signals which may produce ohjectionable heterodynes.

=
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tion. The usefulness of this limiter will be most appreciared on the higher frequency bands of the receiver wheee
autemabile ignition moise and other high frequency distubances are effectively suppeessed. A thresheld conitral
on the [ront panel peemits adjustment of the level at which limiting action swais,

1-8. TONE Cﬂ'hl"l'l.'l?ﬁl

The Tooe contral circuic has been especially desipned e allow variacion of audio FEAOAAE [0 ELITL] :t{"r|1|i-l}r.
sequircments, o the exgreme counterclockwise position with the suateh O maximum low fregquency atenwation
accurs o afford improved intelligibilicy swhen using the crysmal filter with sharp selecrivity. Then rorared clock-
wpse uakil the switeh i3 just terned o the contenl pravides a compmrntave [y flat respanse aver the enotere usable
audio range,  Further clockwise redation will result in the high audic frequencies being attenuated, 1 a sipnal is
wraband magrially ohscored b back ot noise of sraric, an improvement in readabilicy will be phmined by ronn

ring the Tome conrrol an a clockwise darection there by actenuating the highee audio frequens ies.

B N W B A
D N 1 W AR

|

ol | i L
CF oo o oo

Fj'g_u.:e ¥o, 2. Audio Amplifier Response

1-9. TEMPERATURE COMPENSATION

The HROD-G0 is compensated for frequency drift due 1o temperatuse changes which may detune the receiver
from the desleed sigral over long or short periods of reception. The most objretionable cavse of frequency drift
is the change of indectance of the high-frequency oscillator coil as heat from the tubes causes the intefior of the

pedeiver 1o morease oF PEWpErNtire, ™ L ms dhiadsibmk ae g Erece b nef ) vos is minimized by the posi-
tion of the plug-in coil sers in that they are placed at the bottom of the receiver undemeath the chassis in a
separately shielded compatment.,

The ¢oil set termina connecting boards of each shielded coll can as well as dheir mating beush blocks haw
been made of ceramic type mareeial, This results in improved stability due 1o the near zero temperature coeffic
et of this marerial, This will be found especially woe of the coils operating at the higher frequencics.

To further guarantee freedom from drift the place voltage of the high frequency oscillatoe is regulated by dhe
0B2 VE tube and the heater currenc of the high frequency oscillator and the mixzer is stabilized by a type
GH=-4C current regalaor mbe.

1-10, SIGNAL STREMGTH METER

Signal input readings ace indicared in S-units from 1 to 9 and in decibels above 5-0 from zero g0 40 db, on e
[
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p-.n-cl-rnnuntl.-d signal scrength merer. A rqntin! of 50 is obmined with as |_.|-|,p1.|:| ||,5n.] ol wm;i;mu-lj- 2% micro-

volts. The meter employs @ zefo to 1 milliampere movement with its mechanical zero at 40 db, on the dial scale,

The S=Merer 18 connected in series with the pl.l.tr input of the S-Meper ﬂ.mpl.iﬁrl: tube V=104 and measures dhe Pll.m

current of this ube, With the A.C. supply swicch On and the AV.C switch serar AAV.CL the Shierer will read

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 elecirical zero, Any increase in AYV.C, voltage

caused by signal inpat will give a cosrespondiag incoease in the merer reading, At the 40 db, meter teading dhe

AN.C, grid voltage applied reaches the cat-<80NF point of the amplifier tube. Therefore the pointer cannot be harmed
by violent contace wich the full-acale merer Pi.rl. For the purpase of cﬁmpl.ri.ﬂ.,g SIEGNE signals (which causse the
meter o contact the full=seale mever pin) with othee seroager and/or weaker signals the seasiuvity of the SMeter
may be lowered by retarding the R.F. Gain contral. The meter dial lamp illumination is regulated by a Dimmer
contfal mownted on che freac panel of the receiver,

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

A standard oceal socket, X-1, is mounted inside the receiver on the center portion of the power supply cos-
partment chassis, [t is designed to moant the National Type KFM-83-50 Narrow-Band F.M, adapaos. A contrel
awitch is I'rﬂnl-puhpl mpunted o ani.dl.- a means of switching the audio signal 1rn|l.l,ge from the A.M. detector o
the F.M, disceiminavos, Witk the AV C. switch ser ar V.G, the S-Meter is operative in the M.F.M. position and
the receiver ghould be tuned for makimas meter reading. Fusther lalotmarion conceening the NFM-83-50 unic iz
contained in a separare data sheer ar the rear of this manual.

1=12. CRYSTAL CALIBRATOR SO0CKET

The Cryseal 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 a National Mode] XCU=40-2 Crystal Calibrator.
The Model XCU50-2 is compactdy constracted and furnished with a drive screw clasping armagement o bold it
firmly in place. A double-pale, three-position woggle cype fron-panel mounted Calibrate switch marked 100-04f-
1000 provides a means of connecting B-plus to the unit for instantanecus use, Ag the same time, by using this
toggle switch, & resonant cryscal-coatrolled frequency of either 100 or 100D kes, may be selected. The ourput of
this unit is coupled o the antenna input. Further infoemation conceming the Model XCU-50+2 unit is covered by
a separate data sheer included ar the rear of this manaal,

1=-13. SELECT-O=]ECT SOCKET

The Selece-0-]ect socker, ¥-3, iz a smadard octal oype socker nccessible at the rear of the receiver. [ois
prisacily designed to accommodate o National Model S0]-3 Select-Ck et wnir, The mating plog attached to the
S0]-3 permits a direct connection into this socket in place of the audio jumper plug ceiginally plugged into the
Select-O-Ject socket. Hy proper adjustment of the controls any single audio frequency selected in the range of
approximately 80 1o 10,000 cycles may be boosted or rejected, Detailed instructions for proper operation of the
Select-D-Ject are contaioed with the anic

For convenience a soarce of 6.3 V. ALC, lilament woltage and a 240 V.ILC. high voltige is available fos
operation of external apparanss, The Schematic diagram, Figure Number 14, shows & pin view of the Select-0-
Ject socket thus providing the information necessary for making the proper connections, External equipment
MUST MOT be wtilized if the Nosrow=Hand F.M, adapeor, Crystal Calibrator and Select=0<]ect units are all
operaied ar the same time.

1-14. PHONO INPUT JACK

A Phono jack is mounted at the rear of the Recelver and can be used for coanecting asxilary apparatas, such
as & record player pick-up into the audic system of the receiver. Thia input circuit is of high-impedance provid-
ing a suitable match for such external equipment into che high-gain first audio amplifier stage. The meu-plnni
mounted Control switch must be set at the Phono position when using the Phono jack, Both the A.F. Gain and
Tone controls are opemtive with this type of operation,

The majocity of record player plek-ups nre terminated in & single shielded wire. The Phono jack on the

-5
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HEO-60 is dthe type thar accommadares o standard phono tp plug and, I the recoed player to be ased is not fitted
with such a plug, one can easily be attached. If the output circuit of the record player is of low impedance (less
than 100,000 chms) improved performance will be obiained if o soiable resisoor, with a valoe as 3.p¢¢il'|-¢d for the
particulas recond player, is conneced across the phone tip plug of lts mating jack w properly load the record
player output circuit. Cooversely, a resisoor of proger value must be used in series with

impedance exceeds 300,000 obhms, St lApee rioa
1-15. AUDIO OUTPUT

The HBED=00 feacures a pulh. pull. AL l.u:l.p]i]'i.-:r 'I.I!i.l'l.; inverse feed-back. See Figl.l'-r MNo. 2 for the andio

system response characteristic. The maiching tmnsformer located inside the receiver provides two audio ourpats
as follows:

{1} The transformer secondary leads are brought to a three-terminal Owtpae board lecated ae the rear of the oe-
ceiver, I'-vin.g both § and S00-ohm rerminals and & comson p'l:mud. verminal. The eight-chm rerminal IH':I'deEI oute
put for the speaker voice ¢oil. The %0-chm terminal is available for connection to a 5(0-chm line. Approzimate-
ly B warts of undistorted audio cutput power is available at the output terminal board and a maximum pescer of 10
warts is obeainable,

(%) A headphones jack is frone-panel mounted and is wired 5o as o silence the londspeaker upon insertion of
the headphones plug. The headphones owput load impedance is not critical and varying types of headphones may
be used,including ceystal types, as o direct carrent flows through the headphones.

1-16 POWER SUPPLY

The power supply is built in & separate compartment inside che receiver cabinet incorporating & shislded
barrier isolating it from the R.F. chassis. It is designed for operacion from a 11071320 or 220/ 240 volt, 50/60
eycle, A.C. supply source. A roggle switch is mounted on top of the chassis for selectica of eicher 110/120 or
220/ 240-wolt operation. Normal power consumption is approximarely 115 watts. The built-in power unit supplingg:

all of the voleages required by the heater and B supply ciccuits, 5.4 amperes at 6.3 volts and 145 milliamperes at
240 voles respectively. ln additics, this supply is also capable of furnishing all volmges required by the acces-
socies such as the NFM-83-50, XCU-30-2 and 50]-3. A Z-ampere fuse is connected in coe side of the A.C. input
sapply to protect the receives circuits against possible voltage surges in the power line o shost circuits in the
geeeiver. It is located at the rear of the receiver and is easily removed for examination or teplacement.

A Power Socket, X-4, is provided at che pear of the receiver so that either o battery or vibeator power supply
muy be wiilized for portable or emergencyservice. The National Type G505 Vibeawor Power Supply is desigoed w
provide efficient operation of the receiver with the use of a G-volt storage battery input. Furcher information con-
ceening the 6305 is contained at the rear of this manual.

1-17. LOUDSPEAKER

The HRO-60TS or HRO-G0RS loudspeakers in table or rack mounting styles respecrively are designed for use
with the receiver. These are both permanent-magnet type loudspeakers furnisbed with a shielded connecting
cable from the B -obm voice coil for conmection to the ourput terminal board locazed ar the rear of the receiver.
if desirable & S00-shs shielded line may be used from the receiver outpur erminals 1o the speaker and/oe exter-
nally operated equipment. In the event a dynamic type loudspeaker is used external means for supplying ficld
excitation voloage will be necessary.

A cabinet finished to match the receiver design houses the HRO-G0TS lowdspeaker for mble mounting. The
cabinet is lincd with seusd absorbent material to avoid mechanical resonance.
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SECTION 2. INSTALLATION

i=1. GENERAL .

All HEO=5D receivers are supplied with the following eight scales mounted on the slide-rule dial dram, irres-
pective of the type of coil sets ordered, A, B, C, [, E-F, A&, AB and AT, If a coil set or coil sets are cedered
with the receiver and the cofresponding scale docs not appear on the dial doum it will be fownd packed with the
coil set. The new scale is installed in place of any ooe of the unused scales previously mounted on the dial dram.
A Phillips bead type sceew ar one end and a spelag clip at che odher end of the seale hold i properely in place.

The deum scales for the A, B, C and D coil sets are frequeacy caliboated in megacycles for both of the available
ranges i.e,, Leneral Coverage and Bandspread. The E and F coil set ranges are on the same scale, while che re-
mainbhg scales carcy just the onc feequency mange caliboaced in megacyeles. Each scale s cleasly masked wich
the band designation.

d=3, LOCATIONS

The receivee should noe be dascalled bn small, wnventilated of warm spaces. Wherever possible placement
should be made to allow freedom of air circulation on all four sides. The loudspeaker may be located i any de-
sireable position although it is not recommended chat v be placed on top of the receiver as undesirable micro-
phonles may result. The lowdspeaker should aot be placed aear che antenna teeminals.

1-3. ANTENNA RECOMMENDATIONS

The radio frequency inpat of the receiver is designed for operation from either & single-wire antenma or other
types employing transmission lines having impedances of 70 ohms of more, There is an antenna terminal panel at
the rear of the receives with theee sSCrew-type erminalg marked .‘-, Aand G rlrlpﬂ:ti.ﬂ'l:r. A liak iz p-mvidtd on ithe
aateana (efminal panel 1o allow connecrion of & rwo-wire or single-wire type antenna to the receiver.

For best impedance matching to the receiver input circuit an antennn with & 300 w G00-ohe ransmission line
is eecommended, The antenna should be cut to the proper length for the most used frequency, The antenoa rans-
mission line feeders should be connecred o the rwo antenna terminals marked A; the greunding link is nor used
It must be remembered, however, thar an antennn insillation of this type will bave maximus elficieacy over a
band of frequencies near that fa==ratme Joy v buicds der berdand mill e taseful Sndaerellatioos, sheer,....
the receiver i maed to one frequency oc band of frequencies. For ather frequencies, it would be desirable to con-
nect the two transmission lise leads wgether ax the antenna terminal at the left of the anteans cerminal panel,
grounding the other terminal by means of the link, The antenna is thus utilized as a single wire type.

The most peactical antenna for use in installaticas where the receiver is to be used over a wide moge of fre-
quencies is the single-wire type. An antenna length of from 50 to 100 feet is recommended. The antenna lead-in
should be conmsected o the antenna rerminal marked A at the lefr of the anteana reemioal panel; the other terminal
marked A should be grounded by means of the link.

When a doublet is used, the antenna feeders or balanced ansmission line are connected to the teo terminals
marked A, The pmundi.ug link i# ot ased.

The inner conductor of a concentric tranamission line should be connected to the terminal macked A at the
lefe of the antenna rerminal panel. The outer condwctor should be connccted o the other terminal macked A aad
grounded by means of the link o G,

Is an installation where the receiver is to be used as the receiving unit in a cansmicting station the most ef-
ficient operation will result from use of the transmitting antenna as receiving antenna also. This is especially
true if the transmitting antenna is of the multi-element, directional type since the snme antenna gain is available
for both peceiving and transmiming - a very desirable condition. For switching the anteana from the receiver to
transmittes, an antepen change-over relay should be used. A double-pole; double-throw relay possessing good
bigh-frequency insulatlon ks suitable, A second relay and a three position swicch may be used to control the
transmiteer place supply and the receiver B+ circuits, This second relay may be a single-pole, single-throw type
having one normally open paic of contacts. The schematic diagram of this npe of control circuir is shown i

Figure 3. With 5-1 in the receive position the antenna mansmissioh line 18 coanscted (o the receiner by contacis

= =
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2, 3, 5 and & on selay RY-1; che B+ circuir of the teceiver is complep=d. ke the awitch., (The method of connect-
ing the switch to the BSW verminals is given in paragraph 3=1) With the switch in the ransmit position RY-1
contacts 1, 3, 4 and & are closed mansfeming the antenna transmission line to the transmitter; conmces 7 and 8

of relay RY-2 close to complete the plate supply circuit to the transmicter. Contaces 7 and 8 of relay RY-2

should be in series with the primacy of the transmitter place supply uansiormer. Thus, the station is in the receiv-
ing condition with switch 51 in the receive position and in the transmitting condition with 51 in the transsle
position. With 5-1 in the mid-position the receiver B# circuit and ransmimer place supply elecuit are both open
thus permitting coil ser changing in the receiver and transmirces.

NUTE
The high-frequency oscillatos, C.W. sscillatss, 5-Meter
amplifier and the pushepull asdio output amplifier are
not affected by the external relay connection to the

B.5. W, rerminal board, Unless the A.C, Qa0 switch
iz set at (M these clrcults will obtain an uninterrupred

Beplus supply.
=4 A.C. OPERATION
After uspacking the HRD-G0 receiver and associared equipment proceed as follows: -
(1) Make sure that all tubes are firmly seated in their sockets and robe clamps are propecly in place.

(2) Make sure the plug-in coil set used in the receiver is firmly in position by pressing down the lever type
handles on the front panel to their maxisum vertical position.

TRANSMSS (O LINE
T AMTE HHA
0
POWER
SOUREE,
['rm:-'r
B Trive b
g 4 "ALEEIVE
H
]— TI.I.H;I.I.I TTEHR
FLATE
REGEIVER TRAMEM|T TR LA
——

Fl'gu.l:t MNo. 3. T]."pi.l:ll Antenns 5H't:d1i.f|.3 Eﬁu-m

{3) Comnect the anteana as recommended in Section 2=2.
{4) Connect the loudspeaker cable e the Qutpuc verminal board at the rear of the receiver, This is accom-

plished by connecting the outer shield lead to che common terminal and the other to the B-ohes teeminal, A %00-
obm terminal is also available oa the Ouepuz terminal board in cases wheee a 500-cha lae is utilized foc lowd-
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speaker conne ction,

(5) Connece the receiver A.C. line cord to the proper source of voltage, The primacy swiech, %10, mast be
#et an the position comresponding to the line voltage 1o be used i.e., 1107120 or 220/ 240 voles, 50760 cps.,

(&) Sex the controls as recommended in Section 3 for reception of signals,

NOTE
Where the receiver iz located in the B.F. field of o
relatively powerful transmitter, it is advisable
provide some means of preventing damage w che re-
ceiver BL.F. coil. A ncrmally open SPST relay should
ke maunted at the back of the receiver adjacent o
the antenna terminals and irs conmors comnecred
across the termiaals. The relay coil should be con-
accted across the oransmitter plate primary so thar
when the transmiber is encrgized the antenna e
minals wre shateed,

2=% BATTERY OPERATION

The HEO=G60 is I'Il-dﬂ}' i-l:l.lpl.lblr for emerTgency, portable operation or np:rl.r.i.qq in locolicies whese a 115 of
230-volt A.C. power source is not available, It may be operated direcely from batteries or a National Type 4305
Vibtator Power Supply designed for opecation from a G-volt stocage battery. The type 6505 power unit draws 9.4
amperes af f~volis when lumishing power to the receiver if the Naerow-Bard F.M. Adapear, Crysial Calibeator and
Select-0-]Ject units ace not used, [f these plag=in units are utilized cypical operating conditions and power cons
sumption dat will be found in Section &,

NOTE

When operating from either battery or vibeator supply
the 4H-4C cuseene r:_guhm: tube musg be removed, o
prevent uanecessary battery drain,

The Schematic Diageam, Filgate Mamber 14, illustrates pin connections of the receiver Power Socket X-4.
Thi= provides the information necessary far'l'iniu!; the acral ype hl‘ltl}' pluﬂ whickh is used i plu:c af the £ gt
lar A C, jumpes plag. To conseive battery power the battery plug must be disconnected when the receiver is aot
being used. For standby operation in all cases, it iz recommended that & switch be placed in the bamery Beplus
lead as the B-plus switch ia the receiver docs not open the B-plus clicait supplying the high-frequency oscillator
C.9, ascillator, 5-Meter Amplifier or the push-pull audio cutpue tubes. A suggested refinement is fo inclode a
switch in the .ﬁ.vplu:. imput lead so char the rube heaters may ke uened off when the receiver is nof in use without
the necessity of remaving the battery plug from the Power socker. Whea uslng vibiatos supply 6505 the swiech
mounted on the power supply may be used,

i=f6. ACCESSORY SOCKETS

Three octal type sockers are available for additional accessories as follows:

(1} A N.B. F.M. socket, X-1, is mounted oa top of the chassis inside the power supply compacsens. A
Naticnal Type NFM-83%-%0 Narmow-Band F.M. adapror is designed to fit into this socket and is supplied with a
mounting bracket and drive screws o bold it fiemly in place. The froar panel mounted concrol ‘switch, 5-7, pro-
vides a means of switching the NFM-B31-50 anit into instant service as rEI:lu:i.ud.

{2} A Crystal Calibrator socket, X-2, is top chassis mounted in the power compartment. This socket is
wired to accommodate & National plug=in Type XCU-50-2 Crystal Calibeator unit. A slotted head screw arrange=
==npbalrerha wmésdirelnin Slaqra The .!:r:‘!.mﬂi.m.i‘{m..“!llt switch peovides a mecans of applying B-plus two the
uait as well as the selection of eicher a 100 or 1000 ke. marker signal,

=F=
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(3 A Select-D-Ject socker, X-3, of the standerd octal type is moanted 20 as ta be accessible from the cear
of the teceiver, This socket is desigaed primarily for the use of & Natlonal Model 50]-3 Select-0-Ject onkt. The
S0]=3 is finted with an isterconnecring cabie and plog for divect connection o the Select-0-Jeck socket

Helerence to the Schemaric 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-Jeet. lo will be noted chas B+ (240 V. D.C)
and filament woltages are available, There is o definie limitation on the drain permissible at this socket. The
eosal permissible drain (if the NFM-83-50, XCU-50-2 and 50)-3 are fot used) is 1.8 amps &t 6.3 V.AC., 10 milli-

amperes at 240 V. D.C.

®-3
X4 SELECT-0D-JECT FHONO
FOWER SOCKET SOCKET INPUT JALCK

E-2 E-l
F=l BSw ANTENNA
AC LINE FUSE TERMINAL TERMINAL
PANEL PANEL

Figure Mo, 4. Rear View of Receiver

SECTION 3. GPERATION

i=1. CONTROLS

by front-panel markings for ease of ideatification. The controls are located in &
anged for ense of operation,

micrometer dial is nrranged so that the frequency o which the receiver tunes in-
reases, The slide-rule dial pointer mechanism is syochronized wich the main tun-
. gear plus an efficient swring-drive arangement to provide an accurate relationship
ed the direct frequeacy calibeated scales on dhe alide-rule drum assembly. Froat
tor control for rotating the proper scale loto place foe the coil set o be nsed.

ves to adjust the amplification of cthe second R.F., first; second and chied LF, ame
tivivy ix obenined by rotaning abe comaad baab or dhe exoeme clockwize positisa
he exeme clockwise position all tebes are speratiag ar mazisus gain with mind-
tated counter-clockwing, iscreasing bias is applied to the cathodes of the second
F. tubes, thas reducing thels ampliflcation.

=10=

AUDID DUTPUT

All coniegls mre identified
#yemetical sanner and are an

The main tuning HRO type
creases as the dial reading bnc
ing dial using an mati-becklask
between the main tuning dial a
panel mounted is & Band aelec

The R.F, Gain controd set
plifier stages. Aaelmes sensi
(10 oo its circular scaled. Ar
mam bias. As the control is re
B.F., [ieat, second and chird L
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The A.C. On-04{ switch is aszociated with the A.F. Gain control and A.C. pewes is curnsd oo as the A.F.
Gaia peairol is sdvanced lrosm A.Co OFf to zero on Hs scele,

The B+ Du-OHf switch is connected in the positive lead of the powser supply elcewdt and ivs purpose is w dis-
compect the Beplus during perinds of mipsmission or WHEN CHANGING COIL SETS. This laar fusction is imports
ant. The B+ circuits ase completed when the switch is set et On. Howsver, the S-pluy citouits of the high-fre-
quency cacillator, S-Metee amplifier, C.¥. cscillator and push-pell podio outpat tubes remain Do at all toees re
gardless of the positica of the B+ Dn-Off swinch providing the A.C On-0ff swicch is set a Un.

Mounted ut the reds of the chassis is » thtee consecror terminal board marked B.S.W, This allows relay con-
trol of the cocelver by either of twa methods, As shipped from the facory a jumper 2 conpectad between teomi
nals 7 and 3. A relay cosnecied berween terminals 1| and 2 and coergized by the siation wansmit-recelve gwich
will tarn the receiver B+ on and off provided the receiver Bt switch is ia the OFF position. In cther weeds the
relay contacts are connected in parailel with the B+ switch, The relay may be conmectad in secbes with the switch
by removing the fumper borwoen terminals 2 and 3.asd connecting the relay contacis veeminals 2 and 3. The pe-
lay thea controbs the recelver when the B+ switch ix ia the ON position. The B.5.W. panel is coverad by a meml
shield to prevent accidental contaer with che terminals by the opamaioe. Two slots are provided in this shicld pe
being oul wires 1o connect tor the refay. Care shoald e oukdn =g ohese wires b exocena] connecthon da o
ahort 1o the B.5.%, shield,

The Phasing contel and Selecivity swisch are pact of the cuysml filoes, When the Selectivity sulitch is set
at Off the cryseal is switched oar of the clreuir. With the crystal swinched out the Phasing coantol bas no influ=
ERes O [ECE iver pﬁ:l:nt-r:h Bich the s-clrrlirl-lr awitch ser at any paint berween 1 and 5, ioclusive, the crystal
filter is in epesation, selectivity inereasing as the switch is progressively advasced o poatiion 5. The Phasing
coutrol iz then used to balance the crysral beldge elrcuir and eliminate incerfering sigmais or becerodyney, 1t is
recommended that the Tone coatral be rotated counter-clockwise untll the swizch is twroed Off, This will provide
optimam receprion of the high audio frequencies when using the cxystal fileer for AN recepticn, The resuleant
boost of the higher frequencies tends to compeasate for the side band custing actionof the crystal filcer.

Tre C.W, oseillatoe is nened oo by setting the front-panel mounved Coatrel switch at the CW¥. position, The
C.¥.0. controf provides & vernier tuning sdjusement for dhe C. ¥, osciliatod s formear. Thiz esciliassr i sagd
te produce en sudible beat sote when receiving W, signals or to locase che carrier of & weak phone statiga.

With the Coatrol switeh sex ar the C.W. position, Beplus is applied o the W, oscillator tube praviding a cosstant
Heplus supply cegardless of the B+ On-THl awitch seiting of the B.5.¥, exeernal control devices. Normally the
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The Limiter control serves to switch on the limiter and, following this, to adjust the threshold at which
?\'- ---

limifine artinn smrie. Tith the Limiter cantml faened ns Taf raitios 0 anothe dial ae
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-2, PHOME RECEPTION

After the HRO=50 iz properly Installed as calined In Seccon 2, ir i placed ia operation by the following ad-
juen emen ga

1. Set the Coatrol switch ar A.M,
2. Set the AV.C. switch at A.V.C,
3. Sec the Selectvity switch ar OFf.
4. Set the Phasing control at zera.
% Ser the Limiver control at OFF.
B, Set the R.F. Gala convrol ar 10,
7. Check the positoa of the Oae. wimmer control pelater. It is aligaed ar che facwory so thar peoper cali-
bmtion iz obtained with the pointer in n vertical position with the arrow head uppermost.
8. Tisrn the AC.-Da-0fl switeh mounted on the A F. Gaia control to On Le., zers on the dial scale,
9, Set the receiver B+ swicch ar On.
10. Adjuse the Band control to select the scale cormesponding to the plug-in coil =et in use,
11, Tan the AF, Galn | contrel to che positica giving the desired audio voleme.
13 Adjust the Ant. Trim, control for & maximom 5-Meter ceading afver the desired ataton has been selected,
Alternarely in the absence of a signal the Ant. Trim. conirol may be set for maximum receiver background solse.
13, Turm the Toae conmol o & position giving the desired audio cutput respoase.

The receiver is now adjusted for the reception of phone signals and will mne w e frequency comespoading
to the plug-in coil set in use and the secing of the main runing dial. If a dual-coverage plug-in coil set is used
the pasition of the Bandspread switch, as previously described in paragraph 1 of this secdon, will determine the
frequency coverage i.e., General Coverage or Bandspread

The settings given above are for the reception of signals of average scength. Exceprionally stong or weak
signals may require modification of the above seitings. The operator musf) 5 memBEr that aulomatid volome comr
trol action will be reswricted unless the R.F. Gain conwrol is fully advanced. Audic cutput should be adjusted
entirely by means of the A.F, Gain coatral,

Various types of Interference which may be encountered due to adverse receiving conditions can be minimiz
ed by wrilization of the following controls in the manasr described,

Moise Limiter = When a signal is accompanicd by seatic peaks or noise pulses of high intensicy and sheet
duration, the best signal-to-noise ratio will be obtined by taming On the Limiter conrol. In general, it will be
found that taming the Limiter control Oa o 0 oo the dial scale will effectively minimize interference cassed by
external nolse pulses. In cases where the noise pulses are extremely pronounced a higher degree of noise sup-
pression will be realized by advancing the Limiver control co a higher dial seming.

Tone control = An improvement in signal-to-noise rato can be realized by sening the Tone conwol to atten
ate the bigh audio frequencics, When receiving weak sigrals which are pardally chacured by background noise
o statie an improvement in reception will be noticed by rotating the Tone control in a clockwise manner. How-
ever, too diuch attensation of the high audio frequencies may impair the ineelligibility of speech.

Selectivity and Phasing = The selectivity of the receiver is adjusted by means of the crystal filuee Selecti-
vity switch. The normal secing of the Selectivity switch in phone of broadcast reception is at one of the posi-
tions affording broad selectivity, Positlons marked OH, 1 or 2 are recommended. Selectivicy may be progressiv
Iy increased by rarning the Selectivity switch to position 3, 4 or 3. [ncreasing selectivity will result in the
attenuation of the higher andio frequency tones of the signal as well as sharper uning. [f the selectivity is in-
ereased too much, these higher frequency audio tones will be attenuated to such an extent that phooe or broad-
cast signals may become unintelligible due to excessive side-band cuning, The Phasing control is past of the
crystal filver and is used to eliminate or amenuare interfering beterodynes. The Phasing coawol is 'nm;rl;ru'mr.

with the Selectivity switch set in the D position but is operative in all dther settings.” 1ne nora semng ol
the Phasing control with the crystal filter On (i.e., the Selectivity switch sezar 1, 2, 3, 4 or 5) in phone tecep
tion is at zeco on lts scale, I, afcer a desived signal has been moed in, an intecfering sigaal causes a betero
dyne or whistle the Phasing control should be adjusced uatil this interfecence is reduced to a minimum. The s

=13-
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ting of the Phasing coatrol should be that which provides a maximam atteoumtion of the objectionable hetero-
dyae. [f the heterodyae is below 1,000 cycles the optimus Phasing control setting will be sear either one or
the other end of the dial scale, depending upon whether the interferiog signal bas o higher or lower frequency
than the desired sigaal.

=3, C.W. RECEPTION

The inital adjustment of the receiver coagols for C.¥, reception is the same as given in Section 3<2 except |,
thae the Control switch must be set at C.W, The T, W, oscillater should be set af zero and che A F. Gain well ad-
vanced.

The audia level of the receiver should be adjusted by means of the R.F. Guin coatnl, caze being mben not
to advance the control to the poist where strong signals will cause L.F. or audio amplifier ovecload, as indicated
by excessive thumping.

For ¢he reception of C.¥, signals the action of the eryaml Ffilter in similar wo that for phone reception except
that full use of the sharp selectivity positicn may be used withour the loss of intelligibiliry experieaced in phone
reccprion. When mazisum selectivity is used, (Selectivity switch ar poaltion 5) care muast be exercised since
tuning is wery crivical, When the receiver is slowly mned across the camier of the received signal the beat-note
produced will be very sharply peaked in outper == = -wtjnlrc audio gitch._This nesk jo_response indicates che

comect recelver dial secting. The sering of the C.W.0. control mast be such that the beat-note peak is well with-
in the modible mnge 8o thay the receiver peak respoase may be readily obseeved, A CW.0L dial setting near zero
is recommended. After the recelver has been correcily mned, the piech of the beat-note peak may be adjusted by
mesns of the C.%.0, coneol to provide an sudio tone which is plensing to copy or coincides with any response
peaks in the speaker or headphosnes, Under these conditions the receiver will exhibic proncanced single-sigaal
propetties which may be demonstraved by tuning che receiver to the other side of "zero-beat’ so thac che picch is
the same as before mnd obeerve the marked reduction in ourput. This disl setting is not recommended for use
sther than to demonstrase the single-signal properties of the receiver, With the receiver mned w 'crystal peak’,
an interfering signal may be attenuuted by proper sewing of the Phasing conmol since this control has lirle ef-
fect on the desired signal.

Similar to phome reception the Limiter control can be used to great advastage in C.W. reception for the re-
duction of interference due to external noise pulses. For C.W. reception, however, the Limiter conmol may be
set ar a well advanced position on the dial scale &s excesaive clipping of the modulazion peaks will not be ex-
perienced as might be the case in phone reception. Also the Toae control may be advanced considerably further
foe C.W. reception since audio fidelity is relatively uaimportant.

3=§. H.B.F.M. OPERATION

The HRO-60 receiver is adaptable for Narrow-Band F.M, reception by utilizing » Matioaal Type NFM-23-50
Marrow-Band F.M, adaptor, Operating insractions as given in paragmaph 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 switeh is set ar AM. An F.M. signal is in=
dicated by the presence of an sudic sull in the cenmr of the sigaal carrier. When an F.M. signal is encountered
the Control switch should then be set at N.F.M. and with the AV.C. switch set at A.Y.C. the signal tuned fos
mazimum S-Metec readiog.

RHOTE

The pass band of the NFM-83-50 is aufficlently
wide to accomodate aoy narrow band FM signal
%o long as the tranamittes s beld within recom-
mended deviaton limits, If excessive peak de-
wimtion eocurs &t the pansmitter 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 5TRENGTH

"'-ﬂ-ﬁ veadtly hipgh gaio has been incorporated wichin the HEO=-G0 to inswe oprimum sensitlvicy over a wide ranmpe
»f ||p|_'rul;i.|'.p' eoaditions, Thas additicanl Eqiu regulls g lghetr than foema] S-Me e :l.".iliull'lgl. when the <o ventiods

al method of contol adjustment is weed Yery accusmic signdl strogéh measwremenis may be chiaine: by the lal-
lowing peocedure:

1. Ser dee B.F, Gatn comtesl ae 10, the Conteol awireh = AN, and the AY,COFF swiceh ag AN O,
1. 'Set the Selectiviey sawitch at Dff and che Phasing control at zero. TheLamiter, Tooe aod ALF. Limia con-
eala da At affect the SMleree :-.-:i:'.inF-

3. Tune the receiver ofF the sigonnl so thad the 5SMeter ks reading only background noae,

4. Retard the H.F. Gaio coomol el the meer reads 5-1.

Tune io the desired aignal and the -Meter will indicate the czact strength of the reetaved signal in Seumars
feom 1 o i oor ke decibels above the 53 level fom zere we 40 db. These readings will remain nocuratec until the
H..F.. wFRLfI ¢ a1 o] b1 ] |'I1|'_I'l'l_'-| (3] 1 .||ff|:rr|'.|i |_'-q,|-|: il ;II‘I.I;EE':;. ifi,

The S-Meter ciccuit compensator re quires adjustment only when it is impossible & cbain & 2o readang widh
neantenna connected and &
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Figure No. & Top View of Heceiver

fequeacy is dedermined by dhe quarez cryseal rescnator, V-0, used in the crystal fifter. Variable gimmer capaci-
tors and vasialble iroa-core inductors are used o effect alignment. These adjustments are located on Flgures 6

and 10b,
The peeliminary alignment procedure is a8 follows:

(1} Pleg in die [} range coil-set.

(2) Connect the high output lead of an accurately calibrated signal generagor i the staroe of the mizer sec-

tion of the main uning capacitor, C-5C. and the ground lead o the capacitor Frame.

(3} Connect an output meter having an B or 500 shs resistive load fo the marching ooiput fermisals oo the

receiver. As an alvernative & high-impedance A.C. voltmeter may be conneceed 1o the phones jack.
(4} Ser the Control switch ar CW,
(5} Set the AV.C. switch at O,
(G} Ser che Phasiag contial at zero.
{7} Set the Selectivity switch at %,
(B} Set the A.F. Gain concrol ar 10,
(%) Set che R.F. Gain control at 9.

(10} Turn the modulation of the signal generator off to provide a soeady C.¥. test signal taned o

it ¥ ASS kool nea,

Approxi-

Adjust che output attenua tor-of the signal peneraros m prn'rl-h o' signal of dpproximately: 100 micrevolos.  The
€. W.0. conmol must be ser woprovide an andip beatsnote at some frequency, besween 400 and 1000 cycles per
second— The-presencs ol thid-bear nste can readily be-deteminid by uupnri:il-r cenaccting headphones ora

loudspeaker to the receiver, If difficulty is encountered in cbmining such a beat aote an adjusiment of e C,0,

inductor L-16 musi be made,

Vary the tuning control of the signal generator very slowly berween the frequencies of 453 and 457 kilocyeles.
t ot frequency berween these lmits the LF. amplifier of the receiver will show a very definite sharply peaked

sponse a8 indicated on the output meter. This frequency is chat of coyseal Y1, and LF, alignment is made at

i ﬁu:q'u:n::r,
=lf=
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A simple eheck of dhis frequency setting would be o adjuse the CW.0, coneol satll a pelat ia found where
the erpdaminane nipch_of the backergund anise iz _losnsi and a ¢ listinct coyseal rniag is beard. Note this serting of
the C.W.0, control, Discomnect die cryseal filver from the circuit by furning the Selectivity switch o the OF
poaltion. Omce more adjust the C.W.0. contral for the lowest predemisant pirch of background nolae and nore the
secting. If the L.F. amplifier is correcdy aligned to the crysml frequency the C.%.0. control setting will be the
same [or both pears cutlined abowe.

While making 1.F. amplifier adjustments it will be mecessary to tetard the attzouator of the signal genemator if
F. amplifier gain increases to & polat where overload occurs. Without alvering dhe frequency secting of the signal
generator, set the Selectivity switch st OFf, the Control switch at AM, and turn the modulation of the sigmal gener-
ator On. Inductors L-2 through L-11 should at this point each be carefully adjusted to give a maximum reading
an the cutput metee. The order in which these adjuimenis are performed is not lmpoctant.

Upon completion of the above adjustments set the Selectivity switch at 1. Set the frequency of the signal
pl-ln.m Iki.ld-:r:l“ thru&ldlulhm:nt H.lurhh:u:L l!hlmmlmﬂﬂﬂm

e o

FE ] se
0. M]:l.-t L-17 for a distinct peak as indicated on the output meget, [[ L-17 ia badly

misaligoed ‘P“""‘“; signals will be found la additica to the deaired signal, The proper tuning point will give a
wak peading of moc higher value than will the incomect coil settings and is casily desremined

11. Adjust L<18 aad L=19 for maxisus reading of the outpat meter,

NOTE

A comparison of the output meter readings maken
im Fll'!l‘i']h §=3 with those of F‘--th ]
will show a much lower outpet level foe che
double conversion set-ap. This is due & the
abnriag effece of che B-reage coil upon the sig-
oal generator outpat and in oo way indicaces a

-17-
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|ﬂ.llﬂf!|ll:rll. The method I"nl'nbh.l-nd.u.'
stage gain Seaswenenis is discussed in

Faragraph 5-3.
d=d. GENERAL COVERAGE ALIGNMENT

The data glven lo this sectlon applies to the General Covetage alignment of the H.F. osclllator and R.F, as-
plifier stages of all coil sets. The original alignment at te Naconal Laboramories is accomplished by the use of
peecision, erystal-contrelled teat cacillames, Mo realigament should be atcempred unless a peliable test sigaal
source is available. In the case of Geneml Covemge H.F, oscillator alignment, a test signal soarce with an accur-
mcy of 0.1% or better is :'pqu.lin:d., For E-d.lFﬂ:ld I.Iil'mt the calibration RCCUmCY demands ‘that the test lilu]
spuarce have dve accuracy of precision-calibeated crysals. The eatre range of tear frequencics required may be ob-
tained by the use of mine erystals operating at their fundasental and barmenle frequencies. The frequency of these
crystals is as follows: 0.0%, 0.1, 1.0, 2.0, 3.3, 3.0, 6.8, 7.0, 7.5, 9, 14.4, 15 and 16 megacycles.

I mm XCU-50-2 eryacal calibros is insmlled in che HRO-60 at thin time it will provide an excellent means of
cl::riiu. the calibration at 100 kec. or 1000 ke. pnhl:l.

The need for realigament of the H.F. oacillator of any band is indicatyds: med mé mequency diluotaon ‘ol me
teceiver dial is in error by mote than 1% at the high kegoency «od of the band in question. If it is determined chax
realiganment is oecessary proceed as follows:

(1) Coasect an cagput meter to the receiver as described in paragraph 4-2 of this section and disconnect the
RODE LS.

(2) Set the Control switch st AM.
(1) Ser the A.V.C. swirch ar Off.
(4) Set the Selectivicy switch ac Off.
(%) Set the R.F. Guin cor*mlacdf,..
TUBF Sei thE Band o 7 Tn awgtehes in the Uensral Lovermge posluon.
(7} Setthe ALF, Gala contmel o provide a suimble sagar levels
(8] Check the posltden of the Aar. Trim, and Dsc. wimmer conrols, Alignment should be made sich both o
the pointers oo these controls in s vertical position with the arrow-hend polated cowards che top of the receiver,

The following Alignsenr chaer gives n step-by-step procedure to follow in ¢ Hectiag the Gemeral Coverage
alignment of ench coil ser, Iv is impormnc char tie chart of adjusoments is adhered to in the order shown, (¢ wil
be noted that Geoetnl Coverage aligoment affects Bandapread alignment, but tat mdjustment of Bandapeead alip
ment does mot affect Geneml Coverage.

Particula: care muat be taken whep adjuscing the high-frequescy oseillatx rlmmee C-36 in each coil set
Three different checking procedures muar be followed. The coil aets below 7 megucycles must be adjuared so
chat the oscillator frequency is higher thap the R, F, frequency and che image should be located 910 ke, below do
fundamental on the dial, The eacillawor for the moges berween T megacycles and 35 megacyeles is aec o che
higher frequency but its image would appear 3980 ke, below che fundamental. In some cases this will fall purssd
the raage of dhe coll ser so apecial procedures must be used. In e 30 o 54 megacycle coil set che oscillatos
must be trimmed to & frequency lower than e fundssenml. The method for making these checks follows:

1. Whews crimsing the oscillator in & coil met below 7 megueyelea nen the receiver dinl $10 kilocyeles beld

- the teet frequency. [f the image does noc appesr ac this point the oscitlato is incerrecdy adjusred and the capa
city of the trimmer must be reduced unthl the fuademencal wod dhe image appear at thels proper dial locarions.
2, Whes mimmisg the oacillator of any coil set in the range between T and 35 megucycles the image musc |
- locared 3980 kileeyeles below the fundamenil. Sioce this frequency will be ouralde che moge of the coil set
some cases the oaly slteroative is o leare the rectiver runed o the fundamental and raise the signal geoerator
ouput frapoency 3980 kilocycles. It will probably be aecessary 10 increase che geormenr mienge jo make the im
e . teadable acE refecnog will be ds high ds Y0 db. o most oo s, (e image Ot me' signal from the geacs
e musi mppear af the preacat reoelvee dial aeming w indicare proper oacilletos serting,

3. The oscillutor in the AD coll set mest be immed o the low-side of the RF, sigaal, 1o chis instar
ot the image musc be located W80 ke, above die lundamental, Leave the receiver tuned o the fundamental and
I:':w_ er the generator frequency 3980 ke, The genersmr output may bave o be increased to make the image ceada

g
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The mage wust be losaied we this point o e geclilztor timmes iy iscoerectly adjesced,

After die hiplefroquency oscillome is comectly calibeated the B,F. amplifler orleswra Co3 aod £-15 and e
mlwes miemre T=11 should be adjusied for pacleus cecebrer galn as measered by e cufput peten. ol wets A
and D0 42 sox use a frer AF, wmpblfier gisnes bag ack peak ttaed by the mae of de Ani. Tela., cootrol over e
il Frogqueuty chaige of each coll ser. It imwey be desiraile to aligs dhe W.F. dmplifler wimmers C-2 amd To15% and
the mizer wlmwer C-21 palag rocelver mckpoonad aokes 2% w8 fodivadon of maximon geie, cathed Gan die aignal
mopere, I this slrvesers werhod of pilpement ie mend the podar of sezieas gako is tas sening of S trieers
which pravides the joudest receives backgrivad nolsr, However, fols pessible w alipa the RF. aspdilicr sod
mhger sragen o the impge freqeeticy weing buckgronnd molse as an indicetot. A check of this pessibilisy ia & rass
in the Imege aignal — i o image by weakier than s (endamsetal sigaal RF. saplifise and mbver ssages oy oo

eecnly aligned,

Comteetion of mackiog emmea of the R.F. moplifier snd miner senges st the low Btequency Huie of eoch coil sec
iz sccomplisihved by tie sdjustments Lissed oo the Aligemear Chast, The scpsl wacklog of there stages wmy be
ehesked by pressisg the owtside rotor pletes of the maln raning espaciirn sectlon toweed or swiy e the suter
in & manasr ersudeg that the rotoe plates will spring back w theis priginal pesision. Any change ia capacizy
whould decredse the cevciver pmin H dhe grage be omcking propedy.

The locstions of te adjusinsns coforrad o on the Geseml Covenags Chaer aes shiown oa Figare Suaber 7.
Each variakle on the chert is Eofloved by o aumber | poreathesis o identidy ity pesition on the repective cuil
met, Schemaric disgame of eazh of dw plug-in colls sees ace Runlshed oa Figure Fagbers 11, 17 end 15

BANBEWITEH
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X DR AST R HE L AN UL TAN LTS " =

TR AR oo s T A SR IS R TR T NS OF = W R A ROGNEE THE= OOTH bEa T
NOVIRETHIS TURN UF AMD _DOWS—VARES—THE —INDUSTANCES

AR COIL SEVE A8% anp @ INDUCTAMIE ADAUSTMENTS ARE MADE 4T FOMITIONS 31,13 AND

cow. BETS ELFOH BNS J ADJUSTHENT B WADD AT POTITION M. FOR CDIL DETS a8 AR A

ARG TEENTE ANZ WAOE AT B 0N 10, 0 08 M3 OF 4 ANO IS OF M WHICHIVER PREITIOND
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Figare Nou 7. Typhenl Coll Set Showing Alignment Adpsstment Locatioes
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GENERAL COVERAGE CHART

Cadl Adjuast Signal Source and Adjust o Receive Adjust for
Seep | Set Receiver o Test 5.|._F.ll Maxisus Chatput
1 A 30.0 Me. Trlmmer capacitor C-26 Trimmer capacitoes C-2] (Pos. G,
(Fos. B) C-15 (Pos. 4).
2 A 14.4 Me. Inductance at Pos., Mo. 16, Inductance at Pos, Nos, 13, 11, 9.
3 A 30.0 Me, Check atep 1. Repeat steps 1 and|
2 if pecessary
i B 4.4 Mc. Trimmer capacitor C-26 Trlmmet :.|.|:||ﬂm C=21 [Pos. &),
(Pos. B C=1% (Pas. 4), C-2 (Pos. 2k
i B T.0 Me. Inductance at Pos, Na. 16 Induceance at Pos. Nos, 13, 11, %,
| B 14,4 Me. Check step 1. Repeat steps | and
2 if RECESSArY.
1 | T3 Mes Trimmer capacitor C-26 Trimmer capacitors C-21 (Pos. &),
(Pos. 8. C-1% (Pos. 4}, C-2 (Pos, 2}
2 C 3.5 Me. Inducmnce ar Pos. No. 16. | Inducmace at Pos. Nes. 13, 11, 9.
3 C 7.3 Me. Check step 1. Repeat steps | and|
2 if necessary.
1 D 4.0 Me., Trimmer capacitor C=26 Trimmer capacitors C-21 (Pos, 6
(Pos. 8 C-15 (Pos. 4), C-2 (Pos. ).
F D 1.8 Mc. Inductance at Pos, No. 16 | Inducrasce ar Pos, Noa. 13, 11, 0
3 D 4.0 Me, Check step 1. Repeat steps 1 and)
2 if mecessary,
1 E 1.0 Me. Trimmer capucices C-26 Teimmer capacioes C-21 (Paa. 6),
(Pos. B) €15 (Fos. 4).
1 E 1.0 M, Padder capacier C=100
(Pos. Th
3 E 1.4 Mic. Induc tance at Pos. Mo. 6.
'] E 2.0 Mc. Check atep 1. Hepeap sieps 1, 2
and 3 if necessary.
1 F 0.5 Mc. Trimmer capacitor C-26 Teimmer capaciters C=21 (Pos. 6),
(Pos. 8. C=1% (Pos. 4), C-2 (Pos. 2.
2 F 0.5 Me. Padder capacis =100
(Pos. Th
3 F 0.7 Me. Induceance at Pos. No. 16,
4 F 0.9 Mc. Check step 1. Repeat steps 1, 2
and 3 if pecessary.
" w adPRE - L'Tﬁn'l:'lpﬁ:m# 'l..--“'.i'::f':'.'m Trimmer capacitors C-21 (Pos. &1,
[Pos. 8 C-15% {Pos. 4}
2 G 200 Ke, Padder capacioes C-100
(Pos. Th
3 G 300 Ke. Inductance at Pos. No. 16,
4§ & £ K. Check step 1. Repeat steps 1, 2

and j if necessary,

==
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GENERAL COWERAGE CHART (CONT™DN)

Codl Adjust Signal Source and Adjust to Receive Adjust for

Seep | Sen Receiver to: Test Signal Moo Chatps

1 H X0 Ke. Trimestr capacitor C-26 Trimmer capacitors C-21 (Pos. &),
[(Pos. 8). C-1% (Pos. 4), C-2 (Pos, 2.

] H 100 Ke, Padder capacitoe C-100
(Fos. T).

3 H 150 Kc. Inductance ar Pos. No. 16,

4 H 200 Ke. Check siep 1. Repeat steps 1, 2

mod 5 if DECESSALY,

1 1 100 Ke. Trimmes capacitor C-26 Trimmer capacitor C-21 [(Pos. &),
{Pos. 8. €-15 (Pos. 4), C-2 (Pos. 2.

F ] 50 Ko Padder capacicor C-104)
{Pos. Th

] 1 75 Ke. Induceance at Pos. No. L6,

4 1 100 Ke. Check step 1. - Repeat steps 1, 2

and 3 if necessazy,

i AA 30 Mc. Trimmer capacitor C-26 Trimmer capacitors C-21 (Pos, 51,
(Pos, The C=1% (Pas. 3), C-2 (Pos. 1).

2 AA 1.2 Me. Padder Capaciton C=10 Padder capacitors C=00 {F'nl. )y
(Pos. B). C-08 (Pos. 4), C-97 (Pos. 2.

3 AA 28 Mic. Inductance at Pos, MNo. 16. Inductance ag Pos, Nos. 13, 11, &

4 AA 30 Me. Check step: =5

E"'\.
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The need for realignment of che H.F. oscillator of any band is indicated when the frequency calibeadon of
the main funing dial is in error by more than 5 divisions, To effect alighmear the receiver controls are 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 ot Bandapeead position.

The procedure in effecting Bandspread alignment is accomplished by adhering to the insoucfions given in

the Bandspeead Aligament Chart. The procedure is similar to that for General Coverage except for the method

followed in checking tracking errors of the H.F, amplifies and miver stages at the low-frequency limit of each coil

set. To secume an lndication of proper wracking, check the setting of the Bandspread oimmer capagi ors C=5, C= 06
and C-22 for the position of maximum teceivet gain. Any change in capacicy should decrense the receiver gain
indicating proper wacking, The use of the rimmet capacitors C=3, C-16 and C-22 for trackingchecks may destroy
their proper settings, therefore they muse be carefully rechecked ne the high-frequency limit of the coil ser. The
location of the adjustments referred to in thia secrion are ahowa on Figure Number 7. Each wariable on the chast
is followed by a nusher in parentheals o identily its position oa the respective cail set. Schematic Hagrams of
cach af the {owr combination Bandspread and General Coverage coil sets A, B, C and [} are furnished on Figure

Mumber 11.
BANDSPREAD ALIGHMMENT CHART
Codl Adjuse Signal Seurce and Adjuse to Receive Adjuse fae
Spep | Ser Receiver to: Test Sigoal Mazimam (hutpac
1 A 0.0 Me, Trimmer capacitor C-27 Trimmer capacitora C-32 (Pos. 5),
(Pos. 7). C-16 {Pos. 3}, C=3 (Pos. 1)
) A 7.3 Me. Padder capacinoe C2% Paddet capacicers C-20 (Pos. 14],
{Pos, 15). C-14, {Pos. 12}, C-1 (Fos. 10).
3 A A0 M, Check step 1. Repeat steps | and|
i i pecesanry. Check step 1,
1 B 14,4 Mc, Trimmer capacitor C-X7 Teizmer :J.p-:i.mu C-22 (Pos. 5},
(Pos. 7). C-16 (Fos. 3), C=3 (Pos. 1)
s B 14.0 Me, Padder capacicor C-25 Fadder capacinrs C-2) { Pos. 14),
(Pes. 15) Ca14 (Pos. 12}, C-1 (Pes. 100.
3 B 14.4 Mc. Check step 1. Repear ateps 1
2 if necessary. Check siep L.
1 C 7.3 Me. Trimmer capacitor C=27 Trimmer capacitors C=11 (Pos. 3,
(Pos. Th C-16 {Pos. 3), C-3 (Pos. 1)
i C .0 Me, Padder capacioes C-23 Fadder capacicors C-20 {Pos. 14},
(Pos. 150 Ca14 {Fos. 12}, C-1 (Poa, 10).
i C T.5 Mc., Check step L. Fl.rptlll sieps 1 T |
2 if mecessary. Theck seep L.
1 (] 4.0 Me, Trimmer capacivor T-27 Trimmer capacitors C-22 (Pos. 5),
(Fes. Th C-16 (Pos. 3), C-3 (Pos. 1)
] [} 5.5 Mc, Padder capacitor C-29 Padder capacitors C=20 (FPos. 14);
Pos. 1%). C-14 {Pos, 12}, C-1 (Fos. 100
3 o 4.0 Me. Cheek step 1. Repear steps 1 and
il aeceanary. Check scep L.

d=f. FIRST A.F. STAGE ALIGHNMENT WITH LOW IMPEDANCE TRANSMISSION LINE

The wacking of the firsc B.F, amplifier stage on each of the coil ranges may be checked by roraiog che Ant
Trm. conerol. 1f ewo definite peaks in ouipar are observed while rotating the Ant. Trim. control, the fieac B.F,
amplifier stage is tracking correctly and the setting at either peak is comect. The lack of a-peak in cutput o
the presence of caly one peak indicaves the stage is not tracking properly and comecden should be made. The
General Coverage adjustments affect the Bandspread adjusrments and must therefore be performed ficst. The

!';,ﬂ]nl'i.u_l; [rz'medu.re should be adhered to:

B B
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(o) GENERAL COVERAGE

{1} Set the Bandspread switch on each coil to the left-hand slde or General Coverage position. Adjust
the_eecelved  for pormal operation as follows: Control switch at AM,, Selectivity switch at Off, At Tris. coa-
ool poiater set i & vemical posidon with the amow head townrds the top of the ceceiver, A.F. Gain control set
ai I} and the R.F. Gain conorol set o provide a sultable sigmal level.

(1} Comnect the antenna feeders o the receiver antenna terminals and tune the receiver o the signal shown
in step 1 on the General Covernge Alignment Chart for the coll set to be aligned. Adjust the rimmer capacitor C-1
for mazimus sigoal cutput. Coil sets A and D do oot use & fiest R.F. amplifler General Coverage wimmer but are
peak tuned by the Ant. Trim. control over the full fequency range of each coil set.

(b} BANDSPREAD

{1} With the receiver adjusted in the same manner as for Genernl Coverage shift the Bandspread swiech on
each coil terminal pasel to the right-hand side or bandspread positiea.

(2} Coosect the antenna feeders to the receiver antenoa torminal and tune the receiver to che aignal
shown in Step 1 on the Bandspread Alignment Chart for the coil set being aligned. Adjusc the Bandspread trimser
capacitor Cs 3 for maximum signal output. 1f no signal can be received the trimmer may be adjusced for maximam
background nolse.

4=7. S-METER ADJUSTMENT

The S-Meeer balancing resismr B-21 is used to obtain & zero mecer reading in the absence of signal input w
the creceiver. To make this adjustment set the controls as follows: Set the R.F. Gain control at 0, AV.C, switch
at A.V.C., Control switch at AM. snd the A.C, awitch at On. Adjust che S-Meter balancing resistor R=21 for &
zero reading on the S-Meter. This is a screwdriver rype adjustment located on the top of the chassis,

SECTION 5. MAINTEHANCE
1=1. GENERAL MAINTENANCE DATA

1 Amv_cenairp_in_the HRO=60 regs | river which necessimie  resoldering of joints must be made with care. A go
mechanical connection mast be made belore the solder ia applied

Failure of & vacuum tabe in the receiver may reduce the sensitivity, produce intermittent operation ot caus:
the equipment to be completely inoperative, In such cases, all mbes should be checked in an analyzer or simil
b, tegrige copingent oc e replargs (. lor with mbea of pepven auglidiE)l Whes any tube is tested, ir sbould b

tapped o jarred to make sure that it has oo interoel locse connection of intermlctent shore circubr.

Tubes of the same type will vary slightly in their individual characeeristics and this fact should be bor
in mind when replacements become necessary. The C.W. oscillater, high-frequency cacillator and LF, rabe

g should be chosen with care to select o replacemsat which most nearly approsches the charncteristic of the .
1 call- H“'Aﬁﬁumi‘ﬂﬁmﬂmhu'ﬂww-ﬂ;m:hphﬂ
Iy beation, particularly on the amacew bandspread bands, Substitution of new LF. amplifier abes may possi
LA alter overall gain and selectivicy characeristics, The secessity for realignment as well as alignment peo
is discussed in Secdon 4.
— In case of beeakdown or failure of the receiver, the fault muse fiest be localized. This can often be
1 aid pﬂlhdhruhmlﬁunﬂlmpnlhluﬂudﬂﬂhmnh. Feference o the circult dlagmms w
) will in checking voltages at the various tube elements, Measurement of voltages in accordance with Section

most likely indicate where failure has occurred
13, CIRCUIT FAILURES

Failure All component parts in the HRO-60 receiver bave been selected to assure an ample fa cror of safery.
=23-
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@iy occur in individual cases and the most common cause of Milure, excluding mbes, will probably be due
breakdown of a capacitor of resistor.

In the event of failure of the 4H-4C current regulatce tube the receiver may be restored 1o operating condition
by plugging a 6V6 rube into the §H-4C socket.This device should be considered an emergency measute only since
the current regulator tabe is pecessary to insure the excellent frequency stability of dve HRO-60.

Bypass oc filter capacitors which develop poor connections internally, or which become cpen-circuired, will
cause degreased seosidvicy, oscillation or poor seability. The defective unic can be located by temporarily cone
necting a good capacitor in parallel with each capacitor thar is under suspicion.

Failure of my bypass or filter capacitor may sericualy overload realstors in associated circuits, Overload of
sulficient magnitude to permancady damage & reslavor will cause the surface of the resistor o be scorched, mak-
ing the defective ualc casy oo lecate by visaal inspectica.

Open or short-circuited resistoes can be defindeely 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 oot cone
oecied in paralle]l wicth some other circuit element which might prodoce & false measerement.

Loose connections which canse interminent of nolsy opemition can often be found by mpping or shaking any
component under suspicion with the receiver adjus ted for normal operaticn.

S=3. STAGE GAIN MEASLUREMENTS

The sensidvity messurements listed herein are made with the receiver set op as specified in Secton 3=2 ex-
cepe that the A.F. Gain coatrol is ser ar 10, Connect an outpiat meter with an impedance to match the receiver
oufput circuit L.e., B or 500 ohms o the outpuat terminal panel in place of the loudspenker. It is impormant dar the
peopet cutpat impedance match be observed,

" Connect the high ousput lead of the signal geoerator through a 0,1 of coupling capacitor o the grid of each
tube as specified in the wllowing table. The ground lead of the generator is connecied to aoy convenient chassis
poinw

The signal generator, using 0% modulaton, is vasied berween 453 nod 457 hlncrl:l.:: until A promounced
neak in_ohrained on g5 pur meter.

With the geoerator actenumied o provide & one wart reading oo the cutpat meter the signal generator output
should read within the limits apecified on the following tahle:

TERMINAL TEST SIGNAL

Mizer Grid 60+ 10 Microvolts

Firse L.F, Grid 150 £ 20 Microvoles

Second LF. Grid 1760 & 200 Microvolts

Thied LE (iridenem A\ O MBI, M A L
NOTE

To obtain & gain measurement through the secosd con-
wersion stage it will be pecessary to release the con-
veraion awiich, Plagglag la any bar the D range coil
wsed fa the preceding mensarements would result in
readings which bear oo relation to those already taken,
In order to release the switch the receiver bottom plare
must be removed. Remove the phillips besd plvor sceew
in che center of the awltch arm sacked with s X in
Fisure, I0_allowine the soriop-lopded slide ssdock 55
move out to the double conversion positica.

=24=
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Rersrn the geotmator connection to the mizer grid.
Reset the generator to 1990 ke, and vary the frequency
control between 1987 and 1993 until the peak is ob-
mined oa the purput meter. Adjust the gencrater oul-
put 0o obain | wag output across the 500-chm termi-
gals, The output of the sigoal geoerator should show
& reading of 40 to §0 microvelts.

Replace the pivor screw making cerenin chat ¢
doc# oot bind the switch arm. Resmove and replace che
coil set o determine that the switch is operating e ..
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receiver it must NOT be operaed until mounted oo the capacitor shaft WITH SET-5CREWS TIGHT. This is be=
cause the dial is ealy designed to rotate for ten revolutions (0 o 500) and if toroed farther than this the mechan-

i will be damajed. When mounted om the capacitor, limit stops peotect the dial. The procedure for re-mounting
the dial is as follows:

(a) Place the dial oo che -:Ipnlci.wr shafr, tghoen set-screws nnd turn the dial counter-clockwise o fully mesh

Edrdclfar nodnr nlafes an 'ﬂ
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chrogized wich that of the maia maning dial.

(a) Check the main rualog dial at zero oo its dial scale. The tips of the rofor plates should be flush with
the edge of the stator plates,

(b} Set the Band Selector conol o thar the D codl set scale appeacs.

() 5et the main tuaing dial at 450 oo its dial scale. Comect sctting of the alide=rule dial pointer is 4 mega-
cycles on the dial scale. Draw the slide-rule pointer aloag the cord to its proper position being careful not o dis-
turb the setting of the micrometer dinl. After the correct setting bas been obained vse & small smount of glyprol
of bousebold cement to fasten the dial poeinmer secwrely in place on the cord.
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PARTS LIST

SYMBOL FUNCTION DESCRIPTION DRAWING N0,
CAPACITORS
C=1 T=1 bandspread padder vaed oo A, Mica, varlable, 3,5=35 mmf. DE32=1
C=2 T=1 general covernge trimmer used Variable, air dielecoric
oa B, C, F, H, ], AA, AB, AC, AD
coll sets *
- | T=1 bandspread rimmer used oa A, Variable, air diclectric
B, C, [ eoll sees
C=d Anrenma irimmer Vaciable, air dieleceric J¥T7=32
C=4% Main taning Four section ganged SB:2764
C=354 %=1 tuning Air dielectic, 2215 mmf. max
C=58 V=2 runing Ajr diglecmic, 225 mmi, max.
C=5C V=3 mning Air dieleceric, 229 mmf, maz.
C=5D V=4 tuning Air dieleceric, 225 mmi, max.
C=f V=1 grid Ffilcer Ceramie, 01 mfd, 400 vdew Kods=2
C-7 V=1 screen bypass Paper, .05 mfd, 400 wdcw LI17=19
C-8 V=1 grid filter Mica, .01 mfd. 300 vdew J666-36
C-4 V=1 cathode bypass Paper, 0% mfd. 400 vdcw L217-29
C=10 V=1 screen bypiss Ceramic, 005 mfd. 450 vdow E946—-1
C=11 | V=1 plate filter Paper, .} mid. 400 vdew L217-3%
C=12 ¥=2 screco bypass Paper, 05 mid. 400 vdew L2T=1%
C-13  |V=2 grid rerurn bypass Ceramic, .00% mid. 450 vdew K946-1
€-14 |T=2 bandspread padder used on A, Mica, variable, 3.5=3% mmf. DB3Z=2
B, C, D coil sets
C=13% T=2 general coverage wimmer used Variable, air dieleceric
on all coil sets
C=14 T=2 bandspread immer used on A, WVarinble, air dieleceric
B, C, D coil sets
c=17 V=1 cathode bypass Paper, .05 mfd. 400 vdcw LZ17=29
C=18 V=2 gciecn bypass Ceramic, 005 mfd. 450 vdew Kodi=1
C=19 V=2 plate filter Paper, .1 mid, $00 vdcw L T UT-A%,.
C=20 T=3 bandspread padder used om A, Mica, variable, 3, 5=35 mmi, 1 Da3z=2
B, C, D coll sets
C=11 T-3general coverage trimmer used on Variahle, alr dieleceric
all coll sets
£-22 | T=3 bandspread wimmer used oa A, Variable, air dieleceric
B, C, [ coil sets
C=13 Vai catsede bypass Ceramic, 01 mid, 430 vdew Eod6=2
Ca=2d W=} screen bypasa Ceramic, 01 mid. 450 wdow Kod6=2
C-2% T =4 bandspread padder used on A, Variable, alr dielectric
B, C, [ coll sets
C=26 |T=4 general coverage trimmer used Variable, nir dielecizic
o &ll coil sets
C-17 T4 bandspread wrimmer used on A, Variable, air dielectric
B, C, D coll sets
C= T=4 ml covera dder:
® A :d.‘lt:t e Mics, GA0 mmi. 300 vdew Ro3s-1
B coil zet Mica, 910 mmf, 00 vdew RO35=2
C coil set Mica, 1600 mml. 500 vdew =21
D eail set Mica, 900 mmi. 500 vdow [
E coll set Mica, 470 mmf, 500 vdew H500=18
F coll set Mica, 330 mmf, $00 vdow H300=22
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PARTS LIST (CONT'D)

SYMEBOL FUNCTION DESCRIPTION DREATING M.
CAPACITORS (CONT'DY
G eall set Ceramic, 100 mmf, 500 wdcw Da25C=304
J coil sex Ceramic, 30 mmf, 500 vdew Da2sD=417
AA coil set Ceramic, 10 mmf, 500 vdow DE25D=402
AB coil set Cemamic, 100 mal, 500 vdew DazsC=303
AD eadl set Ceeamie, 10 mmf, 500 vdew D8 25 D} 2
C=20 Discillator trimmes Variable, akr dicleceic Jos7=53%
C=30 V=4 grid coupling Ceramic, 100 mmf, 500 vdew DEZSC=304
C=31 V=2 plate fileer Ceramic, 0% mf. 450 vdew Koda=1
=32 V=3 plate filoer Ceramie, 01 mf. 450 vdew EDds=2
C=33 T=5 primary immer Mica, 270 mmf, 500 vdew H300=&
C=34 Bridge balanciag Ceramic, 37 mmf. 500 vdew DEzSD-45%
C=3% Bridge balanciag Ceramle, 75 mmf, 500 vdew DE25C-301
C=35 Phase balance adjastment Mica, wvaclable, 3,535 mmf, DE32=2
C=37 Phasing conol Varinble, air dielecezic SA:0190
C-=38 Selectivity compensaoe Mica, variable, 3,5-35 mml. De3z-21
C-32 T=% output adjustment Mica, 100 mmf. 00 vdcw H500=4
C—40 Selectivity adjusting Ceramic, 10 mmi, 500 vdcw Da2sD=426
C=41 Selectivity adjustlng Ceramic, 29 mmf, 500 wvdcw [E25D=411
C=d2 Selectivity adjusting Ceramic, 2% mmf. 500 vdcw De2sD—411
C=43 V=5 AV, C. filter Ceramie, 001 mfd. 300 vdew K375=4
C—dd T-9 sunlng Mica, 510 mesf. 500 wdcw H300=5
=45 L=2 tuning Mica, %10 mmf, 500 vdcw H$00=%
C—db L=3 tuning Mica, $10 mmf. 500 vdew H500-5
C=d7 L—i tuming Mica, $10 mmf. %00 vdew H500=5
C=dli L=% tuming Mica, 510 mmf, 300 vdew H0 =5
C=T | ¥=7 AV.C. filoer Ceramle, .001 mid. 300 vdew K375=d4
C=50 | V-7 cathode bypass Cemmic, .01 mid. 450 vdcw K946-2
C=s1 V=7 sereen bypass i Ceramic, .01 mid. 450 vdcw Ep46-=2
C=52 V=7 plate fileer Ceramic, 01 mid. 450 vdew Knds—2
C=53 V= cathode bypass Paper,. .1 mid. 400 vdew L217=3%
C=34 V=0 coupling Cetamic, 0001 mfd. 500 vdcw DE2sD=421
C=33 V=10A grid Ceramie, .01 mfd. §50 vdew K9d6—-2
C-56 W= screen Ceramic, 01 mfd. 430 wdew K946-2
C=%7 V=0 plage Ceramic, 270 mmf. 500 vdcw Je3z=2
C=%8 V—4 to V=3 coupling Mica, .01 mfd. 500 vdcw 66656
C=58 V=4 plate filter Paper, .1 mfd. 400 wdcw L217=33%
=50 V=3 plate filter Ceramie, .01 mfd, §50 vdew Kodg-2
C=61 L-18 runing Mica, $10 mmf. 500 vdow H500=5
C—62 L=1% nenlsg Mica, 510 mmf, 500 vdow H500 =5
C=£3 AC, line bypass Mica, 0022 mid. 1000 vdew J667-66
C=64 A.C. line bypass Mica, (0022 dfd, 1000 vdew JBET-66
C=65 Power supply filter Electrolytic, 40 + 40 mfd. 475 vdcw ER45=3
C—63A | Power supply lnpuc filter Pact of C=563
C—65B | Power supply output filter Part of C=65
C=tb V=0 m ¥=12 coupling Ceramic, 01 mfd, 450 vdew Kpd6=2
W L r!;lfm'l‘:lm_ ‘F."_-. JE:__dL 400 wdew LI17=53
C=58 V=12 plate filter Papet, .1 -m_-;].n rd::ﬂﬂ ;:E-;ﬁ
W12 o X=, i Cemmie, 01 430 =
E_-&!?a V=13 tone :mm Electrolytic, 25 mid. 30 vdcw E338=4
C=71 V=13 cathode bypass Paper, 5 mid. 200 wdew LI17=47
C=72 V=13 screen bypass Paper, »1 mid 400 wvdew L217=35
C=73 V=13 plate filter Paper, .1 mid. 400 vdew L217=35
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PARTS LIST (CONT'D)

SYMBOL FUNCTION

DESCRIPTION

DRAWING NO.

CAPACITORS (CONT'LY

C=Td
C=75
C=T&
C=1
C=T8
C=T49
C =80

Tone

V=108 o V=13 coupling
V=108 grid

V=108 to V=14 coupling
¥=10B = V=15 coupling
V=14 and V=13 cathode bypasa
T=12 tone compensating
Temperatare drift compensator
T-1 fized bandspread padder:
A coil set

B coil set

C coil set

I coll sec

T=2 fized bandspread padder:
A coil set

B eoil sec

C cail asex

D coil set

T-3 fixed bandspread padder:
A coil set

B coil set

C coll set

[

C-g3

Paper, 01 mfd. 600 vdew
Paper, J01 mfd. 600 vdcw
Cernmic, 0001 sfd, $00 vdew
Paper, 01 mid, 600 vdow
Paper, 01 mfd 00 wdow
Electrolytic, 25 sfd. 50 wlew
Mica, 0024 mfd. 1,000 vdew
Ceeamic, 5 mmf, 500 vdcw
Ceramic

10 mmf. 500 wdew

4 mmf. 500 vdcw

10 mef. 500 wdew

1% meaf, 300 wlew

Ceramie

10 mmi. 500 vdew

% mmf, 300 vdcw

10 mml. 500 wdcw

25 mmf, 500 vdew

Cermmic

10 mmi. SO0 vdcw

5 mmf. 500 vdew

10 mmf, 500 vdew

LZ17-164
L217-16
Da2SD-421
L217=16
L217=15
E338-4
J66T -58
Da2sD—401

DaliD=-402
DezsD—401
DBISD=402
DaID=411

Dezsh=402
DezsD=-401
D 25 D=-402
Da2sD=411

DazID=402
DE23D=401
- DE25 D402
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D cail set 25 maml, 500 wdow D25 D411
C=8% T=4 ba P-d"-h ﬂm'LI:{' 1oLl sEr - ! Trrazic D W B w0 vacw e B £ R R
oI col ser amic, * mmi, 500 wlow LI 51— 50
[ [=d fiwed divides wsed on [ cail sot rramic, £ mmf. 50 vdow [ s D= L0
=47 | fixed ponepal CoeechEE OFoEese T
. ' . I OO welew 1% 3% [1—4%3
A coil set Crrmmze, %) mmf, J00 vdow L] | 13
| el met - Ceramic, 5 mml, 0 vics | Y Isl <440
I AN coal sct ! Cepmmae, 1D mmf 500 vodew = et e W
| Al o T | Crgmmie, 5% semf, W00 vdrew | DE2ED=413
[ | A0 ca &1 Ceramic =k, 5 vicw I [ i)
| L1 ool aee WMice, 5 =, §0O0 vt | FE%CHI= 2 &
| 1
— | I'—1 Fixed peneral reage nackder I
o | s=r Wicm, 12 min . %] o 37 14
A el we Cepamie, 120 mmb. = Voo FHET L]
0=k =4 fized remporatufe oSN AT erwmic, LD mmi, 500 vidow [I=2ni=q47
sl = A Coil aer
- [= primar mmer uacd aa il ¢ Ceeamac, 21 mml, 200 wilcs G P N
I el :
:l | T—=1 proesal Erfge RLImmey L] |
| | &4 ol srr I. 1 | |'|!._l'\-\.:__.|-'
| Ak coll ser ¥ f. % drm =FR1E
AL coil ser | 500 zmank. ce | EELTRE |
| T={ voupling wsed on AH ool set Mica, 470 = eI vdew | [ols &= S
i I'=2 grnceal coverage pa ler unrdd on Ceramic, 1H mb. S wdow R 251 =30
A coul wer
T—4 inling veed am Al sl ser Sora, 4 mmi, 500 W ||.;.'..'-l'.
-4 pEsee OFETARE EEImmen I L arpamid
Y H rosl se It me=f, 00 vdcw LIEIS12—40¢
i oil =c b mml, AU wlbi e [, Bl
Lo V_% rathode byeprusi Loz, LS mile 450 | | K94E=
| I e — S
m
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DRAWING NO.

CAPACITORS (CONT D)

AL, AD coil sets

AD coil sets

AT, AD coll ses
C=100

T=1 general coverage padder used ca AA, AB,

T-2 geoeral coverage padder used on AA, AB,

H, ], AA, AB, AC, AD codl sets

Variable, air dieleciric

Vasiable, air dielectric

T-3 seneral coverave ngl[=der used on AA, AB, |Variable, air diclecuic

T4 general coverage padder used on E, F, G, |Variable, wir dieleceic

C-101 | T=3 GG, padder uned on AB coil set Ceramic, 100 maf, 500 vdew DET5C- 104
C-102 T2 gpeneral coverage mrimmer: Caramis R

b B A ol ser 1D menf. 500 vdeow Dals-
AL cail ser 08 menf. $00 viow 28—

C=10% L coufling 5al 'Et!ﬁ::'lil.’, 10 mml. 506 vdre [E2 &0
Cell4 | T4 tuning Mica, 310 mmf, 500 vdcw HE 004
C-10% V-4 grid Leramic, JH0L mid, S0 vdew NEzsC-
Ce 10 [-H runing Mica, 00 mml, %0 vdew HSO0-%
W LT L-% tuning Mica, SI0 mmi., 500 vdcw HSE0=%
C-108 V=B AY.CL Tileee Ceramic, 000 mid. 300 wdew K375-4
C=109 PVl cathele bypass Ceramic, 11 mfd, 450 vdew K462
C-110 K. F. filces Paper, «f 5 mfd. 200 vdow [.217s4F
=118 WVoll sopeen Ceramic, 0] mfd. 450 villew K-
C-11% W-E place filrer Ceramic, o mids 450 vdew Kd2
C-113 L=10 ewebig Mica, 510 =mi. 00 vdcw HA O
=114 L-11 tuning Mica, 410 aef, 50 vdow HE -5
-1 W-5 screen hypass Ceramic, 01 mide 450 vdow K442
Cal U5 L1ty guming Mica, 270 menf. 00 vicw H5 =5
C-1L7 Well grid Micm, 270 mmf. $00 vdow Jiated T
Ca1lE VelT plate fileer Paper, | mfd, G0 wdew L2iv-3
C-11%9 H.F. pxcillansr paddar Cerazsie, L0 mmi, 500 rdow DE250-
C-120 L6 puning Mizn, 510 mmf, 500 vdcw F% 00-5
(=121 1.-7 tuning Mico, 510 mmf, 530 wdow H% 004
jo-132 L%, 0, = 1 et nnds, Ttk ara [ jae
L1379 VoIl screer oy Ceraic, 0 mld, 4% vilo kg
=124 W !':.I."' Tooeei |1 ceamic, I 1 =Id, 450 pdow [ =
Ca]dn Y- Y- imle [ egarlLe, f L oo w |t
-1z ¥el ro W ap feasnie, b sl SOE wele w 11K
=127 I-L, T-2 grid pemzy Al 11 LLEY [JEEL if. 2L Cw | el

-5 10,0, Bvrass L rramis | A, &% wdew
£-11 Exrernal B+ switch byvpass r % m 12 i (ST
L4 Loxirrmal e wwgfeb hiypass ecactic, 0% mide 450 vde [ AL
=141 | Extecnal B owwiich Sypass spamic, 0% m 150wl kil

[alhd e aser oulpar Lilrer rr L L0 mad, 450 v A P
Cal3s 1wz il LW er [ 5 mf 150 widi K
=134 -4 Bandsmread [ coil ser Leraimic, 1L el 1 134 ¢
LA i Iliee o JI_ Fran _'_ I, = -t I ;.\,.

| REAISTORS

F-1 Wl id Jile Figed, 470 m 2 I | %

Kl wel Cathowle Fimed, LI okme, | & 15

H- Wl woreen Fiwed, 47,0050 chms 2R 151
;.':-I e il Fiwed, 470, s, L 1%
BL-% WX catku |: veed, W alima, 173 % [
Ei=ls |23 ETHRT TR Eros |'- srialde, WOW, N T etm e k44

L Vel dnie o |_I i B | Fige | _l__._-. ] if2 . . i 14y

)
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PARTS LIST {CONT D)

SYMBOL FUNCTION DESCRIPTION DRATING WO,
RESISTORS [(CONT DY)
|R=g V=3 cathode Fixed, 120 ohms, 1/2 ¥ J569=17
R-% V=3 screen Fixed, 33,000 chms, | W 157143
R=10 V=i prid Fized, 22,000 ohms, 1/2 ¥ J569=41
R=11 Vaoltage divider Fized, 100,000 chms, 1 T J571—49
R=12 V=f prid Fixed, 470,000 ches, 1/2 W [5G0 =5T7
R=1% ¥=21 sceeen dropping Fized, 106,000 cohms, 152 % JH60=49
R—14 Voltage divider Fized, 2,200 ohms, 1/2 W ] 569-29
R=15 Selectivity balancing Fized, 470 chms, 1/2 W Jsea=11
R=1& V= cathade Fized, 1/2 W. individually chosen
o meet the requirements of each
receiver

R=17 V=fi screen Fized, 47,000 ohms, 1/2 W J560 =45
R=18 W=7 grid fileer Fized, 470,000 ohms, 172 ¥ J56=57
R-19 V=7 cathode Fixed, 330 ohms, 1/2 ¥ J568=19
R-20 V=6 plate filter Fixed, 2,200 ohms, 1/2 ¥ )569=29
R=21 % meter reeo adjsarment Variable, 1,000 ohms, 1 W Dajl-2
R-22 V=0 plate load Fized, 1,5 meg. 1/2 W 1568 =63
R=23 ANC, Filker Fized, 1.% meg. 1/2 ¥ J568 =53
R=24 V-7 plate fileer Fixed, 2,000 ohma, /7 ¥ J569-20
R=2% V4 plate filter Fized, 1,200 obhms, 172 W Jiea=29
R=26 V=16 dropping Fized, 5,000 chms, 10 W Eg59-10
R=27 V=5 screen Fized, 100,000 chms, 1/2 W J560=45
R-28 V=3 plate fleer Fixed, 10,000 ohms, L/'2 ¥ J5ha=37
R=19 V=0 filament dropplag Fized W.¥. 4.3 ohms, 1 W KoE—48
R-30 V-5 grid Fixed, 22,000 ohms, 1/2 ¥ ] 569=41
R=31 V=% isoclating Fized, 100 ohes, 1/2 W JaGe=1%
B=33 Vell grid Fixed, 22,000 chms, 1/2 W J560=41
R=33 V=5 plate load Fized, 470,000 ohms, 172 ¥ J5ba=47
K= V=12 plate Fized, 220,000 cbhms, 172 ¥ J5469-53
R=3% V=12 cathode Fixed, 220,000 ches, 1/2 W J56a =53
R=34 Limivee chreshold contmnl Vaelable, 400 000 ch=s J6B1=2
B-37 Limiter theeshald fileet Fized, 130,000 chms, 1/2 W J569=53
R=238 V=12 plate filter Fized, 820,000 chms, 1/2 ¥ J565 =60
H=30 V=12 place load Fized, 470,000 chms, 1/2 ¥ JAER=5T
R~} A.F. gain contral Variable, 500,000 ohms K3i7=7
R=dl Limiter output divider Fized, 220,000 chms, 172 W J568=53
R-42 V=13 eathode Fized, 2,200 obhms, /2 ¥ J569=29
R—43 V=13 cathode divider Fized, 150 ohms, /2 ¥ J569-1%
R—44 Degeneration fredback Fized, GB0O chms, 1/2 ¥ J569=35
R—i% Y=1% sceeen filier Fized, 470,000 chms, 1/2 ¥ J568=57
Rt Val¥ plate load Fized, 100,000 chms, 1/2 ¥ J568 =48
R=47 V13 plate filies Fixed, 47,000 ohms, 1L/2 W J569=4%
R-48 Tone coatral Variable, 500,000 ohna K477
R-47 V=108 grid Fixed, 220,000 chms, 1/2 W 1569-53
R=%0 V=108 cathode Fixzed, 4,700 chms, 1/2 ¥ J569=33
R=S1 | V=I0B cathode load Fixed, 47,000 chms, 1/2 W J568—45
R=52 ¥=108 plate load Fixed, 47,000 chms, 1/2 ¥ J369=45
R-13 | V=13 grid Fized, 220,000 ohms, 172 W J569=53
=% Y /=14 jpd T e L 000 oot 2 F - 148=53_

R=%% V=14 and V=15 cathode hins Fixed, 180 ohms, 2 W J5T2=16
T R=5& | Output load Fized, 470 chms, 2 W ]572-21

=53
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PARTS LIST (CONT'D)
S‘I’HB-ULE FUNCTION DESCRIFTION DRAWING NO.
RESISTORS (CONT'D)
R-57 T=1 antenna load used on A coil ser Fized, 21 ohms, 1/2 W 15695
R-%8 V=7 screen dropping Fixed, 47,000 chms, 1/2 W J560-45
R-59 V=B A.V.C. fileer Fized, 470,000 obms, 1/2 W J565-57
R0 V-8 cathode Fixed, 150 chms, 1/2 ¥ J569-15
R-£1 V-8 screen dropplog Fized, 47,000 ohms, 1/2 W J560-45
R-62 Ve plate filter Fized, 2,200 chas, 1/2 W ]569-29
R=63 Wall sereen bleeder Fized, 100,000 chms, 1/2 W JE69-40
B=34 V=104 plate Load Fized, 39,000 chms, 1/2 W J565=44
R-65 V-11 screen fileer Fixed, 100,000 ohms, 1/2 % J568-49
R V-10A cathode Fized, 1000 chms, 1/2 W J565-15
R-7 V=12 plate load Fized, 220,000 shms, 1/2 W JH69-53
R-68 V= earhode Fixed, 33 ohms, 1/2 W J569=T
R=60 V=11 plate Flzed, 220,000 chms, 1/2 ¥ J565=53
B-T0 Dimmer conrraol Yariable, W.¥W. 25 chms K915-13%
R-T1 Ved plate equalizing Fized, 11 chms, 1/2 W J565-5
R-T2 W=12 filament {I'-uppius # Fized, W.%. 4.3 ches, 1 ¥ EO0E-48
MISCELLANEOQUS
E-1 Antenna input terminal Screw cype, theee terminals EZGI-3
E-2 B+ switch terminal Serew type, theee terminals E261-7
E-3 Awndie cutpur terminal Screw Eype, thiee terminals E259-2
F-1 Fuse 3AG 2 amps ar 125 v F135=19
1 Dial lamp No. 47 Fi36-6
12 Dial lamp No. 47 F136-6
I-3 5 meter lamp Now 47 Fl3&-5
J-1 Phono jack Simgle circuit Jo93-1
II-Z Phono jack Ml gh=c irculs Filé=1
L=1 Filter choke 17 henries Sig=1
L-2 T-6 tuning Variable iron core inductor SA:3005
L-3 T-6 tuning Variable iron-core inductor SA: 3366
L-4 T-6 fuming Variable iron-core inductor SA: 3905
L-% T-6 runing Variable iroo-core inductor SA:3306
L-& T-7 tuming Variable iroa-core inductes SA: 3005
L7 T-T runing Varinble iron-core inductor Sh:LLAH
L-E T-7 wuning Variable iron-cofe inductor S5A:3905
L-9 T-7 tuning Variahle iron-core inductor SAA3G0
L= 10y T=B runing Variable ircnecore inductor SA:590%
L-11 T+B naning Variable iron-core inducroe 5A: 3366
L-12 T-5 imput tuning Variable iron-core induceos SA: 202
L-13 T-% outpuac uning Variable lron-core inductor SA:0201
L-14 T+ coupling H.F. choke, 1.1 microhenries SA:6072
L-1% T=T coupling R.F. choke, 1.1 microbenries SAG0T2
L-16 T-=11 runing Yariable iroo-core indwctor SA:M19
L=17 T=9 maning 15%% kc. SA:DH04
L-18 T-10 tuning 2010 ke. SA:0206
L=1% T-10 taning Pare of L-1E
L-20 I"I:' ﬁiﬂ“m ! 'llm bl Ll PP
L-21 External B+ filver 1 microbenry SA:3902
L-22 External B+ fileee 1 microhenry SA:302
L=23 External B+ filter 1 microbenry CA 3000
M-1 S meter O-1 ma, /5 scale J984-5
P-1 Seleciw=ject plug = el = S S S
P2 AC, jumper plag Ocmal SA:3TAL
%1 T-1 B.5.-G.C. switch Twise typé, two position SA6T4D
-33-
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FARTS LIST (CONT'DY

SYMBOL FUMCTION DESCRIPTION DRAWING NO.
MISCELL ANEOUS (CONT D)
5=2 T=2 B.5% = G.C. awich Twist type, two position SA:6740
5=3 _ | T=3 B5 = GG awich Twist type, two position SA:6T49
Sy T=4 B.5, = G.C, switch Twist rype, two position SA:6T4S
E_g Selectivicy swicch Six position, double pale E19%5=1
S AN.C, On-DH switch SPST, bat handle, oggle E230=2
§=7 Control switch Deuble-wafer, four-positicn Q002-1
5B Crystal calibrate switch Centes position open P73a-=1
5=0 AC. switch Part of R=40
S 10 T=13 primary selecior switch DPDT toggle H340—4
5=11 B+ switch SPST oggle E230=2
5=12 Limiter switech Fart of R=36
S5=1% Tome switch Part of =48
5=-14 2nd. conversion switch Sliding cype RO2T=1
T=l ., Firar 0’ .F. amplifier trnsformer "
A band 14.0 = 50 mec. SAGh54
B band 7.0 = 14.4 me, SAETSS
. banad 15 = 7.3 = SAETSD
¥ band 1.7 = 4.0 me. SA:G63S
E band o0l =304 ke, SA:6513
F band 480 = 960 kc. SA: 6660
G band 180 = 420ke. SAGG6S
H band 100 = 200 ke SA:6803
] band 50 = 100 ke, SA:GE0R
AA band 7 = 3 ome. SA:GR14
AB band %= 35 me SA:G6TS
AC band 21 =715 mc. SA:B0T3
AD band W= 54 me SA:9261
T=2 Second R.F, amplifier mansiormer
A band 14 = 30 e SAn6T51
B band T = .4 w2, SA9258
C band 5= Lime SA:6641
0 band ) L7 = 4 me SA: 6637
E band 900 = 2050 k. SA: 6440
F band 480 — 960 ke. SA:6562
G band 180 = 430 ke SA6667
H band 100 = 200 ke. SA: GOGT
] band 50 = 100 ke. SA:6809
AA band 77 = 3 mc. SA:D247
AB band 2% = 35 mx. SA:6818
AC band il = 2.5 me. SA:B0TH
AD band W — %4 mc. SA0262
T=3 Mizer transforser
A band 14 = 30 mc. SA:6T2
B baad T — 14,4 me. SA:0259
C band 35 = 7.3 mc. SA:6642
[ band . LY = dme SA:6638
E band 000 ~ 2090 k=, SAATRY .
F band 480 = 960 kc. SABTHM
G band 180 = 430 ke. SAGED0
H band 100 = 200 ke. SA:6E04
J band o= 100 ke SA:6E10
AA band 7 - 30 me 5A:9248
=3id=
. n
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PARTS LIST (CONT'D)

SYMBOL FURCTION DESCRIPTION I AWING MO,
MISCELLANEOUS (CONT'D)
- d
: i?:lﬂd %= ¥ ome SAGETE
AC band 1 = 2145 me. SA:BOTS
AD Band 0= 54 me SA:0 266
rans former
- :E;“mm W= ¥ mc S35y
B band T = 14.4 me, SA050
C band L= T3 mt. SAGT6D
D bamid 1.7 = 4§ mc., SA:ETTH
E band 800 = 2050 ke SA:6631
F band 400 = 960 ke. BAGTOS
G band 180 = 430 ke. SA:6TES
H band 100 = 200 kc. SA:GEDS
] baad AW = 100 ke. S5A:6811
AA band A SA:9249
AB band %= 3 mx GA:D2GS
AC band 21 = 1.5 = SA:9268
AD band o= 54 mey ;;iﬁ;
T=5 er_r:t_ll_ﬂltu ; o
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PARTS LIST (CONT'D)

SYMBOL FURCTION DESCRIPTION FJR.F.'!HG MO,
MISCELLANEOUS (CONT D)
V=18 Crvenit e gal acos dHAC
H-I H.Bq F|H| ’Htft U'El:ll jﬁz 5-1
X=2 Crystal calibearce socket Cetal Ja2E=2
4 X=3 Select-orject socket Oceal Jeis=2
K= Battery socket e eal Je25=2
Y=1 Errlt-l rEs ool 455 ke. E9T9=1
MAT. C0. TYPH
DESCRIPTION NAT. CO. TWE] DESCRIPTION
. Shield for BSW terminal K445-1
wimmer SA:TO2L .
Kach fr sone adjmtiog sAiroa1 Bakelite slde fc guiding col secs (2){ D393-3
Kaob foe dial light dimmer SA:7021 Colt ot el Tetreen {23 Sazmot
Knob for crysem] phasing SA:6868 55' 246
Kaob foe €.5.0. adjusting SA:6868 i LT o
Koob for selectivity switch SA: 6869 i SA:6595
Knob for limiter switch SA: 68T - P'l:;? P216=1
Knob for A.F, gain SA:6ET1 Speing |
Bearing washer M933-2
Enols for B.F. gain SA:GELT washes J128=7
K pob for control swiech SA:658T %-I:-"E ming sbate P21
tendag kaob e Diel cocd SAE506
Main tuning capacitor (complece | SD:2764 Spelng for dial coed P223=1
assembly) Drum stop P4T1=1
Brush boards (4) SA:6375 s in P4T1=1
Skatt for control switch Dé4d-2 = Al SA:8045
Coupling for control switch A Pulle; P217-1
Shaft for C.¥.0. contol 53d=2 Dial poincer Piol=1
ﬂ:w“n; for W0 conire] shale SA:-22 1;[‘1!.: eadl ME§0=1
'E-::.thlii: mountify iy W0 HiF =1 | Dial tight sockes () Jpjl-.i;_j”
mpac ale for Bamd A
Skaft exteasion for phasing coatrol | C696~4 el ulourts P136-1€
Coupling fee ﬂ'l-l-lllﬂl coatral ihl.f‘: DeRd=-2 Dial scale foc Basd C P136=3
Beacket for mounting coaversion RoZo-1 Dial scale for Basd D Pl3G=4
weiech Dial scale for Band A (bandspread | P136-17
Lever for actusting conversion RO30=1 only)
switch Fibal sl '“ g El:__._.L.-!I...f:-'.h:ﬁ‘:'!".E-'c SF13G6-18
Speing for coaversion awitch RO32-1 e T
Socket assembly for 5 mever lamp | K377=4 c P136=T
;o @ | SA-do16 ﬂ;ﬂ}-uh for Band C (bandspread
e T Dial scale for Band D (bandspread | P136-8
miniature tube sockets (12) o only)
Shield for miniatore tubes (5) i P136=0
Dial scale for Band E<F
Shield base foc miniarure tubes {5) | SA:3847 S R P136=10
Octal tube sockets (16) J65-2 Dial scale for Band ] P136-11
Speing clamp for cype OBI tube SB:1192 Dial scale for Band AA P1¥=19
A.C. line cord o Dial scale for Beod AB P136=20
| _Lock for AC. line cord ROZ5-2
3=
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PARTS LIST (CONT"'D)

DESCRIPTION NAT. CO. TYPE]

MECHANICAL PARTS (CONT'D)

Dal scale for Band AC Pl3g=14
Dial scale for Band AD P136=21

MECHANICAL PARTS USED ON TABLE MODEL ONLY

Chassis sounting angle bracket (left)] P244-1

Chaseis mounting angle bracke: P244=-1

(right)

Matoanl Co. insignia J791=4

Bracket for 5 meter J970=2

Rubber mounting foor (4) K#gi=1

Cabinet back SA:9376

Cabinet cover JT0l=4

Cabiner botoom SA:GSER

Cabiner sraparound 5419271

Cavechinge () Jazs=2

Cover stop mngle (2] KTBE=1

Knob for cacillator trimmet SA:T021

Knob for band scale selecitor SA:TO21

MECHANICAL PARTS USED ON RACK MODEL ONLY

Front paael SA:981

Side plate (left) P3i2=1

Side place [right) Pi02=3

Hational Co, insigaia J791=3

Dust cover A0S

Thamb screw foe dusc cover (2) L¥9=2

Knob for cscillator cimmer BA:T46D

Enab for band scale selecioe SA:T4T0

-, |, .
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SECTION &.

ACCESSORIES

XCU-50-2 CRYSTAL CALIBRATOR
HFM=83=50 HARROW=BAHD F.&. ADAFTOR

£505 YIBRATOR POWER SUPPLY
MRER-2 MOUHTING RACK

This manual was downloaded from BAMA'’s
48  boatanchor site http://bama.sbc.edu

2

j., Reworked by
(21911*_7 PAGPGA



INSTRUCTIONS
FOR THE
HATIOHAL NCU-50-2
CRYSTAL CALIBRATOR URIT

GENERAL

The type XCU=50=2 Crysital Calibrator Unic is designed expeessly for use within HRO recelvers. v arilizes
an elecwon-coupled cacillator circule controlled by a dual crysml (Valpey type DFS). This type of crystal provides
two crystal-controlled marker frequencies of 1 kilocycles and | megacycle. When plugged into the Cryseal Calj-
bemtoe Socker, X-2, che MCU surpur s lossely coupled to the first R.F. amplifier inpat circuit. Selection of either

ehe 100 kilsewele o 1000 kilocyele erystal-controlled signal is made possible by the front-panel mounted Calibrare
switch on the receiver.

INSTALLATION

The XCU=5%1=2 calibrator is installed in the HRO=40 receiver by plugging the onit into the Crysal Caliboator
incl:ﬂ, X<} on top of the chassis. A slomed-head screw moonted :h.mu;h the rop of the unir is ptwidni o baly
the wnit o the chassis,

A trimmer capacitor, C<], is connected across the crysial to permit adjusiment of the frequency of the 100
kilocyele output masker whea the wnit i operated at locations where the temperature is vastly removed from that
of noemal room temperature, This capacitor should never require adjustment unless such abnormal temperanares
mre experienced. To make the adjuscment pﬂ:-l:ﬂ.d ms follows:

(1) Plug in a coil set suitable for the reception of "0V oa one of the various frequencies utilized by this
sandard feequency smtion,

[2) Adjust the receiver for normal .|"L.!h.!.. operation as explained in Section 3=1.

(X)) Set the Elm'l:-p-ul mounted Calibrare swioch at cthe 100 kilocycle position.

{4) Tune in the signal from THY at & time when the signal i3 samedulaged,

(5 Adjust the wimmer capaciter, C=1, located at the top of the calibrator anit so thar the 100 kilocycle
marker signal harmonic is zero beat with the signal received from WWSY

OPERATION

The XCU=30=2 Cryseml Calibrator provides a means of checking the accurcy of the frequeacy calibeation of
the receiver, The froat-panel mounted Calibeare switch marked 100-08f~1000 connects B-plas to the Calibeacoe
for instantanecus secvice. At the same time this switch seleces elther dhe 100 o 1000 kilocycle marker signal.
To check calibration accuracy mane in the desired marker signal with the Control switch set ar C.W. and zero beat
the receiver with the harmoaic marker. 1f the micrometer dial and the slide-rule dial do oot cead accuratcly correcs
tion aboald be made by adjusting the Front-panel mounted Ose. wimmer conrol. Only a slight adjustment of the
Ose. trimmer control should be necessary, If calibration is way off the plug-in codl set probably requires realigs-
ment and reference should be made 1o Section 4.

45~
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PARTS LIST
SYMBOL FUNCTION DESCRIPTION HAT. CO. TYPE
C-1 100 Ke. maniag Ceramic, varlable, 6=20 mmf, E3Ll-2
-2 B+ Filver Paper, .1 mfd. 400 vdew DE2T-12
C-3 Screen Filrer Paper, .1 mfd, 400 vdcw Dax7T-12
C=4 Onitput Coupling Ceramie, 10 sl 00 vdew HEAT2-1
=5 Feedback Ceramic, 3 mmi. 500 vdew Jo0s-4
C=6 Screen Bypass Ceramic, 100 mef, 500 vdcw 8250421
L-1 100 Ke. indugoo % mh. ype R-100 SA: 2608
L-2 1000 K. inductor 160 microhenries SB: 1136
Pl Plug Ocral E783-1
A-1 Geid Fized, 4.7 megohms, 172 W J569-69
R-2 Not used
R-3 Screen Dropping Fixed, 22,000 ohms, 1 W 1571-41
A4 Flate Fized, 470,000 ch=ms, 1 ¥ 15371-37
Vel Dacillator tube GAKSG
Y-1 Cryatal Resonator Qumprz, 100=1000 Ke. 601
c-4
IL
41
1QLLLF
R-4
4T0OK
=1 L-lﬂ.
-
B-20LWF
NOTE =

CAPACITOR VALUES=MICROFARADS
EXCEPT AS HDTED=

RESISTOR WALUES=OHMS
K= 1000

MEG 1,000,000

Figure No. 15. Schemagic [Magram, XCU=30-F Calibraos
=i =
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INSTRUCTIONS
FOR THE
HATIOHAL HFM=83=50
HARROW-BAND F.M. ADAFTOR

INSTALLATION

The NFM=83=50 is installed in the HRO=G0 receiver by plugging the adapeor unit into the N.B.F.M. Socker
X=1 on the top of the chassis. A mounting bracket is fumished to hold the adaptor unit securely in position. The
adapres uaie is aligaed ar Natonal Company laboratesies and realignsenc is pot necessary.

ALIGHMENT

The NFM=83=50 18 rl.u:fu.]lr lligu:d before ll:ipn:nl! and mo :Hli.a,uu:ul i% nq'u.i.u:d anless the l.-d.lplﬁr is
accidently misaligned. The necessiny of eealignment can be determined by the AM rejection capabilities of the
adaptor unit. Proper alignment will be indicated when the maximam A.M. rejection accurs ag the ceacer of the AM.
carrier. Mazimom Seseter reading will indicate the center of the carrier.

The equipment required for alignment is a bigh-impedance vacuam tube voltmeter and an AM. signal genera-
tor. The signal generator used should have an cucpur reascaably free of any frequency modulation. The use of &
broadcake seation as a8’ oy’ ool solrce, i place b a'sigridr genemes," woud provisew best g’ weth mp e o
requirement, In any case, the signal strength of the test signal should be of the arder o provide an S-merer pend-
ing of from X &0 5 Sunits when the HRO=60 is corcecely tened o che cest signal.

The preliminary alignment procedure is as follows:

1. Cennect the high-impedance voltmeter between the test point jack, ]-1, and chassis. The polarity of
the voltage will depend on the alignment of the adapeos, connect the voltmeter to obtain an up-scale reading.

2, Connect a signal source to the antenna terminals, & and A, at che rear of the HRO=60. If a sigoal
generator is used make the connection through a 300 ohm dummy load and select a frequency in the standard
beoadcast band.

3, Ser the Coowral switch at N.F.M.

4. 5Ser the Selectiviry switch at D,

%. Set the Limiter concenl ac O4FF,

6. Plug in the E coil sec, 900 to 2,050 ke If this coil sec is nor available use the I caoil set, 1.7 02 4.0

7. Serche B ples swicch at On.

8. Set the ANV.C=OF awicch ar AV L.

%, Tura the B.F, Gain control e 10,

10. Adjust the A F. Gain coneol for the desired wolume.

il; Tune the test 5iE'"'I l;}- adjssusent of the Main Toning knobk. The coimect l'l.ln'll'l; Pﬁiﬂl is the setting

that produces mazimum S-meter reading.
Alignment is effected as follows:

1. Depuse both primary, L=1, and secondary L—2, LF. wimmers by rotating the screw adjuscments antil
they are withdrawn from the shield cas as far as possible. The adjustseat with the dor of red paint oppogite it is
the primary trimses L—1.

2. Tune the primacy wimmee, [=1, for maximum reading on the volimeter. If two peaks in outpuel are ob-
served, the comrece peak will be the fiese one encountered when rotating the screw adjustment into the shield cam,

3, Tune the secondary trimmer, L=2, for & zero reading on the voltmeter, It will be soted that there is a
crossover in the polarity of the test voltage ac this poine,

4. Adjust the eapacitee, CT—0, for o noll in the sudio output, This capacitor is accessible afier removal
of the burton plug on the side of the adaprer wnir,

5. Adjustmen: of capacitor, C=9, may affect the zero volmge reading obtained by adjustment of the se-
coadary wrimmer, L=2. Retrim L-1 and C-9, as necessary, antil both a zero volmge reading on the voltmeter

and a oull in the audie ourput are cbtained,

'y I
. .
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PARTS 0 LIST

FUNCTION DESCRIPTION NAT. Ch. TYPE
LF. Amp, Coupling Ceramle, 10 Mmf, 900 wdew DE2sD=402
[npur Divider Ceramic, 38,5 Mmi, 500 vdew DA D=414
I.F. Amp. Cadhode Bypass Mica, (0,01 M, 300 sdegy . Tt Flne— aur
"WT twe. fuapl sdbecn oypass 1 saRag 0l001 sea, 00 vdew Jhe5=71
T=1 Primary Tuning Mica, 100 Mmf, 500 vdew HE00=7
T=1 Secondary Tuning Mica, 180 Mmf, 500 vdcw H500-3
T=1 Secondary Tuning Mica, 180 Mmf, %00 vdew HS00=3
T=1 Secondary Tuning Cermmic, 3§ Mmf, 500 vdew DR 2s0=424
T=1 Sec, Balasce Adjustment Cermamic, Yariable, T=1% Mmf, Ejll—4
Dis. Cathode Filter Elect. | Mid, 440 wdcw E338=10
B Sapply Bypass Mica, 0.0 MEd, 300 vdew Ji66=46
R.F. Filter Mica, 470 Mef, 500 vdew J665=%6
Awdio Coupling Mica, .01 Mid, 300 vdow J6G6-54
LF. Amp. Grid Leak Fized, | Megohm, 1/2 W K379=01
LLF. Amp. Cathode Bias Fized, 1,000 Chams, 152 % E3T=2%
[.F. Amp. Screen Droppisg Fized, 47,000 Ohms, 1/2 W K3iTo—45
B.F. Filee Fixzed, 47,000 Obms, 172 W KiTo=4%
Diede Load Fized, 15,000 Ohms, 172 W K3i70-%
Diode Load Fized, 15,000 Obms, 172 W Kitoa-3n
Decoupling Fized, 4,700 Obms, 1/2 W 1569=33
Test Paiay Tip Jack, Bakelie KidZl=1
T=1 Primary Inductor Adjaseable Iron-Core SA:4892
T=1 Secondary Inducens Adjustable lron-Core SA-4BD]
Adapros Unle Plug 8 Prong Coral KTE3}=1
MHecriminstor Transformer Ratie Type 455 Ke, SA-4BOD
L.F, Amplifier GEKT
Ciscriminacor GHE

W= -2
ESHT & 152 BHE
I.LF. AMPLIFIER DISCAI 5

T2
MA

5 G-I - ! aTH | 1
e y G-3 . s O i
o %Ej RS (AN LS, |
I

- M
%R-., Fa IFE GHE
£-13 4T E el .14
ar g WF
=1
. o
=470

ROTE : CAPAEITGE FALLE 5 = Wy CR OMISSOFAR

o FLCEFT AS WOTED
F-1 4700 gl RESISTOR FALUES = ONMS  £=ig0d
WA TiNG YIEW SO LLF L L el et e o)

Figure No, 16. Schemaric Dil!:l’lﬂ,_ NEM-E3=%0 .‘l.d.l.p:m
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INSTRUCTIOHS
FOR THE
HATIONAL TYPE &5035
YIBRATOR POWER SUPPLY

The Natomal Type 6305 Table Model ¥Vibrator Power Unit has been desigaed to fumish complete operating
voltages for the 1HIRO=00 receiver. The unit operates from a G=volt D.C. supply and provides approsimately 150
vols DG, at 70 milliamperes in aormal operation. Cutput volmges for boah A and B supply ase avallable ar a
four proag socket for o7 ~v2=‘revieat TLAAET d0r'e Bassdewsivei.

The G505 consists of a vibtor anit utilizing an OZ4§A oype rectifier tube and a vibrator in a circoit employ-
iag efficient BLF. filcering of wibraror hash. Further filtering of the low frequency or audio hum component in che

outout is accest s gt aars: ssing dhe pegular fileer system in the recelver,

INSTALLATION

The 505 unit is supplied with o battery connecting cable as well as an interconnecting cable to faci

connection to the receiver.

Vaezery dllpl ArE pmvi;ﬁ-d on the !:n“wrr J:nqn-:i:lius cable W=] for comvenient coanection to & G=wall

battery or similar source of power. The intercoanecting cable W=2 is werminared ac one end in a four-pron
o mare with the socket X 1 of the 6305, The other end utilizes an octal plug o mare with the power 3

N—q mfthe cear of the HRO=60 receiver. The receiver A.C, jumper plug P=2 used for A.C. operation o
soved from the power socket. Figure Number 17 shows che Schematic Wicing Diagram,

The $505 Vibeapack Unit bas been completely teated and adjusted ac the factory to provide efficien
economical service when used with the HRO=G0 receiver, An adjusement conwsl switch has been furni
increasing the Beplus owtpat. This is a screwdriver coatrol available through an entry bole provided at
of the 6505, The coatrol switch has four steps from approximarely 150 volts of filtered D.C, at 70 mill
in the extreme counterclockwise position (step 1) to approzimately 210 volts st 90 milliamperes in the |
wise position (step 4). It is recommended chac the receiver be operated at the lower B voltage in atep |
total battery drain is approximately 1] amperes when furnishing power tw the receiver if the NFM-B3-4
=2 and 50] =3 units are used. If the ceceiver Is used without these accessories the total drain is appee
0.5 amperes. The V.R. mube does not light under these conditions but the receiver will operate normall:
operation from a storage battery becomes peactical. In step 4 the V.R. tube will light and full receiver
will be obtained but the drain on the storage battery will be approximarely 15,5 amperes when all acce
are utilized. Without these accessories the toml receiver drain from the bastery will be approxzimarely |

peees,

The two intermediate contral switch steps 2 and 3 should not be used as the voluage obuined is ag
Iy the value required to fire the V.R. tube in the receiver. Under this coadition the V.R. tube may fire
sporadically resulting in ermatic operation of the receiver,

45~
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PARTS LIST

STMBOL FURCTION DESCRIFTION MAT. CD. TYPE
=1 Filter Capacitar Elec, 500 mid. 15 vdcw E338=T
E=1 Vibrapack Unit 6 ¥.0.C. Mallagcy Type YP 554 2371=1
F=1 Fuse 20 Amperes 25 volts oype 3 AG Fl135=18
L=1 ti=vole Line Filter 16 microhenries, iron core SABED
g5=1 G—yalt Line Switcch Teggle 5.P.5.T. E230-2
¥=1 Rectifier Tube T DEAA
O m=y £ malp L jpp, p— Two Coatact SA: 1990
-2 Iacerconnecting Cable Onee ead terminated in four proag plug:
other in an ool plug
Y=1 Vibeatot 6 V.0LC, Mallory Type 8250 2
=1 Crutput Socket Four Proag Female E319=0
Y- | V-l
———
' i ' |
] (] L] 1
5 A {1 Lz
GROUNDQ R HOT {1
o

{@ m) E-I

-
.‘. i

o

59 Bt ouraur
= SOCKET
s o

g A

S

"
1

e

Figare Moo 17. Schematic Diagram, 6505 Viboator Power Supply
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IRSTRUCTIONS
FOt THE
HATIONAL WRE.3
MOURTING RATK

The MWER-2 Moontiay Rack {0 shipped from the fretoey i3 koockededown fora with =il seconsey hovdwars.
Assemtly dhe mack according to Figme Wo. 18,

FTIF Ra ¥
FESTEN THE TW0 MEERRCW STCEL STRFY TO
THE AIGLE UPRIGHTS USRS THE FOUR
waE-3% TLAT HEAL BAOREWA

CRFER HOR “
.‘EHI'M_IIH'EH-H_ .

FLAT HEAD IA™-20 -
FOREWE AND-HUTE—
FAETENCT HE = ——-3

STEEL_Grmil_peom =

L cimsRTiTEoRRIATD. = =N

OF THE AWBLE rdm L igTdLL, THE
Bank. REERT SCREWE | :
THEDUDN THE
BOTTOM OF THE
BARE yhnNG THE
GUTHIRE HOLES,
ITHE NMNER HOLED
ARE USED FOR
MOUNTEE THE
MACE YO THE BENCH
¥ OESRED.)

THE ALK

USHG T
#a-52 TRUSHE
KEAD SEREWS.

.-‘-“-—‘.H sr#l# o, . ‘/

FASTEN THE TRIE STRIPE USINE THAEE TRUBS HEAD
SOREWS 0N EAGH STRIR

Pigure Mo T MER-I Rack, Aeseably leruciong
.

n
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Standard Form Warranty
Adopted by the Radio Manufacturers Association, Inec.

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 tsysoné tactory,
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 furnished by the manufacturer, nor extend to units 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 manulacture.

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

This warranty is in lien of all other warranties expressed or implied and no
representalive or person is authorized 1o assume for the manufacturer any other
liability in connection with the sale of their radio produocts,

Mational Company, Inc. reserves the right to make any change in design or to
make addition to, or improvements in, its products without imposing any obligations
upon itsell to install them in its products previously manufactured.
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This manual is provided free of charge from the “Boatanchor
Manual Archive”, as a service to the Boatanchor community.
It was uploaded by someone who wanted to help you repair and
maintain your equipment.

If you paid anyone other than BAMA for this manual, you paid
someone who is making a profit from the free labor of others,
without asking their permission
You may pass on copies of this manual to anyone who needs it.
But do it without charge.

Thousands of files are available without charge from BAMA.
Visit us at: http://bama.sbc.edu

This manual is reworked and converted
from a BAMA loose pages file to a easy
to print manual in PDF format by:

Real radio’s have tubes!
Keep them glowing !!

File credits:

Brian Waldron
WBS8JEA
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