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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

Natiael Company, Ine.
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THE HRO-60 RADID RECEIVER

SECTIOM 1. DESCREIPTION

1=1. GENERAL

The HIRO-60 is a deluxe radio receiver featuring performance and versatilicy. [t uses eighteen mbes 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
kilgeyeles. When receiving phone of code signals in the range of 7,000 w2 35000 and 50,000 to 54,000 kilocycles
the receiver is automatically switched 0o a double conversion supteheteradyne circwit resultiag in cxcellent image
rejection. The HRD type receivers have long been outstanding and proven perforsers in Communication and Ama-
teuf seevices. This new series of HEO=-00 receivers mainmins all the desirable features of the previous models
rlus many desirable innovations emanating from the latest advances in eeceiver circuicry and mechanical design.
[t is housed in a cabinet styled in an attractive gray (inish with a sell-contalned power supply adequarely isolared
from the H.F, cireuirs. A calibrared, illeminared slide-rule dial provides direce reading in megacyeles lof each of
the weneral Coverage coll scts a8 well as an additional bandspread scale for chose coil sets incorporating this
feature. A front-panel mounted oscillator trimmer control 18 provided 1o assure precise calibrarion. OF course, the
dial-deiving mechanism fearures the micrometer dial. Swable operation and feeedom from deift are achieved by means
of ceramic insulation in the coil sets and brush boards, emperature compensation, voltage regulation and cuarrent
eepualation of the oscillator and miver circuits. A single front-pane] mounted control switch selects any one of the
four modes of operation, C.%., Phone, Narcow-dand F.AL o Phono. Sockets are mounted on the recciver chasais
to accomodare the Nacional Type NFM-83-50 FM adaptor and the Natienal Type XCU=%0=2 Crystal Calibrator Unit.
I'hese accessories may be permanently insialled aud swicched On and OFf by means of the frone-pane] switches,

; At the eear of the receiver, sockets are available for external use of the Naional Type 50]-3 Select-O-Ject and
Mational Type 6505 vibrator Power Supply or battery power supply. A push-pull avdio system delivers the wrmost
in audia frequency response and undistoried power outpat from the builein output ransfosmer. Chber highlights
include a six-position cryseal filter, maximum bandspreading of the amatewr bands, a quick-acting bandspread
switch‘and a dimmer control for the slide-rule dial apd S=mever lamps.

A standard equipsment consists of & receiver, loudspeaker and coil sers A, B, C and I Coil seis E, F, G, H,
1, A&, AB, AC and AD may be obtained as desired. Accessories available include the National rypes NFM-83-3D
Narrow-Band F.M. adapeor, XOU-50-2 Crystal Calibsator, 53] =5 Seleci=0=]ect aad 505 Vibrate Power Supply.

1=2. CIRCUIT

For all bur the lrequency ranges above T megacycles the circait utilizes fwo paned stages of adio frequency
amplification, a tuned mixer stage, & high-frequency escillaws employing & tube separate from chie mixer tube, a
fieme inmermedinee frequency amplifier stage employing a variable=selectivity crysial filver and wo additienal LF.
amplifier stapes all operaging at 455 kilocyeles, a combined second derector-automatic voluse control stage, an
S-Meter amplifier, a double-action adjustable theeshold double-disde aoise limiter, a first audio amplifier, a phase
inverter, & push-pull audio amplifier and a bear frequency oscillator coupled to the second deteetos 1o proavide for
LW receprion.

When any of the coil seis covering & feequency range above 7 megacycles are plogged in, the autcmatic con-
vesslon switch coanects a second conversion stage ahead of the 455-kilecyele LF, amplifier. This consizts of a
single tube functioning a3 & combined mixer-oscillavor. A frequency of 1990 kilocycles 23 kilocyeles is used as
the first conversion frequency.

All voltages required by the receiver are supplied by a built-in power supply. A voluage regulator mbe is
used to regulate the plate supply to the high-frequency oscillaror and the S-Meter amplifier stages. In addition,
m curcent regulator tabe is used to stabilize the filament velmge of the high frequency oscillator and the mixer.

1=-3. ANTENNA INPUT
Antenna input terminals are provided at che rear of the receiver. The input circuir is suimble for operation
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with & single-wire antenna, o balanced feed line or a low impedance T2-ohin uabalanced concentric framsmizzion
cable. The actual antenna iaput 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 g
High-Frequency Oscillator GC4
Second High-Frequeacy Converter GBEG
Firse LF. Amplifier GSGT
Second LF. Amplifier GRGT
Third LF. Amplifier H5GT
Seeand Derecr - ALV.C. GHG
Molse Limiter BHG
S-Meter Amplifier - Phase Inverter GENTGT
Firsr A.F. Amplifier ﬁgj?
Audio Ohaepug (2) GVOGT
Beat Frequency Oscillator 45)7
Voluge Regulacor OBz
Cuaerent Regulacor FH-4C
Rectifier V4G

1=%. TUNING SYSTEM

The frequency range 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. 4.0 - 14.4 Me,
C L5 = T3 Me. 7.0 - T3 Me
b LT - 4l Mec. 35 - 40 M.
E SO0 - 2050 K.
F 480 - D60 Ke.
L 180 = 430 Ke.
H 100 - 200 Kc.
I 50 = 100 Ke.
AA 7.0 = 30 Me.
AB 25 - 35 Me.
AC 21.0 = I1.% 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 [ bands ace spread out #0 48 o cover
400 dial divizgions while the A band is spread 430 divisions on che SO0-division main cuning dial, This is sccome
plished by switching a small variable 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 ascillnors 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 speing-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 Y,

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 on the Front panel is a band selector control for ease in rotating 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, one af each ead of the dinl scale drum, for illomination. The degree 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 intermediace frequency amplifier chis cryseal fileer is designed for extreme flexibilivy and efficicncy of
operation. A siz-position Selectivicy switch and a crysal Phasing conwol are front-panel mounted lof adjustment
of the filter. Figure Number 1 shows the selectivity characeeristics of the receiver for cach 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 1o 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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Figare No, I. Crysml Fileer Selectivity Curves
1-7. MNOISE LIMITER

The noise limiter in the HRO-60 recelver sses an automatic type double-action circuir resulting in the limic-
ing of noise pulses on both the positive and negartive peaks. It is equally effeceive on both C.W. and phone cecep-

=3=
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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 threshold coniral
on the [ront panel peemits adjustment of the level at which limiting action sais,

1-8. TONE CONTROL

The Tone contral circuit has been especially designed vo allow variation of audic fER[OALE [0 &1 mep{ifm
pequirements, ln the exmeme counterclockwise position with che ssdeeh O maximum low (requency attenuation
occurs to afford improved intelligibility when using the crystal filter with sharp selectivity, When rotared clock-
wise uatil the swinch is jost parmed On the conteel provides a comparatively flat response over the entire usable
audio range. Further clockwise rotation will resale in the high audio requencies being attensated. [f a signal is
weak and parcially obscured by backgroumd noise or sraric, an improvement in readability will be chmined by rota-
ting the Tone control in o clockwise direction therely amenuating the higher audio frequencies,
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Figare No. 2. Audic Amplifier Response
1-9. TEMPERATURE COMPENSATION

The HRO-G0 is compensated for frequency drift due 1o temperatuse changes which may detune the receiver
frosn ehe desiesd ﬁwl OVEL |l;|ﬂ‘ of short periods of reception. The most ul:u'm:dm.b!: cause of ﬁ!qﬂ:ﬂfﬁ' drift
is the change of inductance of the high-frequency oscillator coil as heat from the tubes causes the interior of the
receiver to increase in pemperatuse, This andesitable beating effect in the R.F. coils is minimized by the posi-
tion of the plug-in coil sets in that they are placed at the bottom of the receiver undemeath the chassis ina

separately shielded compactment.

The coil set cerminal connecting boards of each shielded coll can as well as their mating beush blocks have
been made of ceramic type matetial, This results in improved stability due to the near zero temperature coeffici-
et of this marerial. This will be found especially twoe of the coils operating at the higher frequencics.

To further guarantee freedom from drifc the plate voltage of the high frequency oscillatce is regulated by the
OB2 VR tube and the hearer carrent of the high frequency oscillator and the mizer is stabilized by a type
fH-4LC current repalator mbe.

1-16. SIGNAL STREMGTH METER

Signal input readings ate indicated in S-units from 1 to 9 and in decibels above 5-0 from zero w 40 db on the
R

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

i Reworked by
_ PAGPGA




pancl-mounted signal scrength meter. A rtl.-ntin! of 50 ia cbained wich an |_.|-|,p¢| ’lpﬂ al wm;i;m:ﬂr 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 Amplifier tube V=104 and measures the Pll.u
current of this mbe, With the A.C, supply switch Oa and the AV.C, switeh secag AV the S-Meter will read
zero in the absence of signal input. A variable resistor is shunted across the meter and with no antenna connect-
&d this resistor allows correct adjustment of the pointer to its elecirical zero, Any increase in AY.C, voltage
caused by signal inpat will give a cosrespondiag incoease in the merer reading, Ar the 40 db, meeer teading dhe
AN.C, grid voltage applied reaches the cut-off paint of the amplifier tube. Therefore the pointer cannot be harmed
by violent contace wich the full-acale merer pi.n.. For the purpase of cﬁmpl.ri.ﬂ.,g SIEGNgE signals (which cause che
meter o contact the full=seale meter pin) with othee siroager and/or weaker signals the seasivvity 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, S0CKET

A standard oceal socket, X-1, is mounted inside the receiver on the center portion of the power supply cos-
partment chassis, [f is designed to moant the National Type NFM-83-50 Nacrow-Band F.M, adapsos. A contrel
awitch is I'rﬂnl-puhpl mpunted go Fn'ri.dl.- a means of switching the audio signal 1rn|l.l,ge from the A.M. detector o
the F.M, disceiminavos, With the ANV C. swiech ser ar AV.C,, the S-Meter is operative in the N.F.M. position and
the receiver ghould be tuned for makimes meter teading. Further laflotmarion conceeniang the NFUM-83-50 unic iz
contained in a separare data sheer ar the rear of this manual.

1=12. CRYSTAL CALIBRATOR SOCKET

The Ceysral Calibearos socker, X-2, is of the standard octal type mounted oa top of the powes aupply compar-
ment chassis inside the receiver, It is designed o accommodate a National Mode] XCU=%0-2 Crystal Calibrator.
The Model XCU50-2 is compactdy constructed and furnished with a drive screw clasping armagement o bold it
firmly in place. A double-pole, three-position woggle cype front-panel mounted Calibrate switch marked 100-04f-
1000 provides a means of connecting B-plus to the unit for instantanecus use, Ag the sametime, by using this
toggle switch, & resonant coystal-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 socket, ¥-3, iz a smadard octal oype socker accessible at the rear of the receiver. [ois
prisacily designed to accommodate o National Model 50]-3 Select-Ck]ect wnir, The mating plug attached to the
S0]-3 permits a direct connection into this socket in place of the audio jumper plug ceiginally plugged into the
Select-0-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 contained with the anic

For convenience a soarce of 6.3 V. ALC, lilament woliage and a 240 V.ILC. high voltage 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 Mosrow=Hand F.M. adapeoe, 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 auxilary apparatas, such
as & record player pick-up into the awdic 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
Towne controls are opestive with this type of operation,

The majocity of record player plek-ups nre eerminated in & single shielded wire. The Phooo jack on the
=5=
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HEO-60 ia dthe type thar accommadares o standard phons 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 recoed player is of low impedance (less
than 100,000 ohms) improved pecformance will be cheained if o soicable resiscos, with a valee as specified for the
particulas recond player, is connecied across the phone tip plug of lis mating jack w properly load the record

player output circuit. Cooversely, a resisoor of proger value must be used in series with fecmrd Fj.rﬁ. whose
impedance exceeds S00,000 obhms,
1-15. AUDIO OUTPUT

The HED=00 feacures a PI'.lll'L pull. AL l.u.p]iﬁ::r lu.l.in.; inverse feed-back. See Fi;l.l'-: No. 2 for the audio

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

{1} The transformer secondary leads are brought to a three-terminal Ohwtpae board lecated ae the rear of the pe-
ceiver, hl‘iﬂl both § and S00-ohm rerminals and & comson ;muud perminal. The eight-chm rerminal pmln'.drl out=
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
wares 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 ouwput load impedance is not critical and varying types of headphones may
be wsed,including ceystal types, as po direct carrent flows through the headphones.

1-16. POWER SUPPLY

The power sapply is built in & separate compartment inside che receiver cabinet incorporating & shislded
barrier isolating it from the R.F. chassis. [t is designed for operacion from a 11071320 or 220/ 240 volt, 50/60
eycle, AC. supply source. A roggle switch is mounted on top of the chassis for selectica of eicher 110/120 or
220/ 240-volt operation, Normal power consumption is approximarely 113 warts. The built-in power enit supplies
all of the volmpes required by the heater and B supply ciceuics, 5.4 amperes at £.3 volts and 145 milliamperes at
240 voles cespeceively, In additicn, this supply is also capable of fisralsbing all voloages required by the acces-
soties such as the NFM-83-30, NCU-%0-2 and 50]-3. A Z-ampere fuse is copnected in coe side of the A.C. input
sapply to protect the receives clrcuits against possible voltage surges in the power line or short circuits in the
peeeiver, It is located at the rear of the receiver and is easily removed for examination o teplacement.

A Power Socket, X4, is provided at che rear of dhe receiver so that either o bateery or vibeatos power supply
may be wtilized for portable or emergencyservice. The Natlonal Type 6505 Vibrator Power Supply is desigoed 1w
provide efficient operation of the receiver with the use of a G-volt storage bartery input. Furcher information con-
cerming the 5305 is contained at the cear of this maoual.

1-17. LOUDSPEAKER

The HRO-60TS or HRO-GORS loudspeakers in mble or rack mounting styles respectively are designed for use
with the receiver. These are both permanent-magnet type loudspeakers farnisbed with a shielded connecting
cable from the §-ohm voice coll for conmection o the output terminal board locazed ar the rear of the receiver,
if desirable a $00-chs shielded line may be used from the receiver output terminals o the speaker and/or exter-
nally cperated equipment. [n the event a dynamic rype londspeaker is used external seans for supplying field
excitation velrage will be necessary.

A cabinet finished to match the receiver design houses the HRO-G0TS loudspeaker for rable mounting. The
cabinet is lined with sousd absorbent material to aveid mechanical resonance, '

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

3 Reworked by
_ PAGPGA




SECTION 2. INSTALLATION

i=1. GENERAL .

All HRO=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 coftesponding scale does 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 head type sceew ar one end and a speiag clip at the odher end of the scale hold ir properely in place.

The deum scales for the A, B, C and D coil sets are frequency calibrated 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-
mainbng scales carcy just the one feequency maoge caliboaced in megacyeles. Each scale is cleasly masked wich
the band designation.

d=3, LOCATIONS

The receivee should noe be lascalled bn small, wnventilated of warm spaces. Wherever possible placement
should be made to allow freedom of aic circulation on all four sides. The loudspeaker may be located in mny de-
sireable position although it is not recommended chat it 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 cther
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 erminaly marked .‘-, Aand G rlrlpﬂ:ti.ﬂ'l:r. A liak iz p-mvidtd on ithe
aateana (efminal panel o allow connecrion of & rwo-wire or single-wire type antenna to the receiver.

For best impedance matching to the receiver input circuit an antenan with & 300 w G00-ohe ransmission line
is eecommended, The antenna should be cut to che proper length for the most used frequency, The antenna rans-
mission line feeders should be connecred to the rwo antenna terminals marked A; the greunding link is not used
It must be remembered, however, thar an antennn insimllation of this type will bave maximus elficieacy over a
band of frequencies near that frequency for which ir is designed and will be most useful in installations where
the seceiver is muned to ome frequency or band of frequencies. For other frequencies, it would be desirable to con-
nect the two ransmission line leads mogether ar the antenna terminal at the lefe of che anteana terminal panel,
grounding the other terminal by means of the link. The antenna is thus utilized as a single wire type.

The most practical satenns for use in installaticas where the receiver is to be used over a wide moge of fre-
quencies is the single-wire type. An anteana length of from 30 w 100 feet is recommended. The antenna lead-in
ihould be connected to the antenna rerminnl marked A at the left of the antenna rerminal pasel; chie other terminal
marked A should be grounded by means of the link.

When a doublet is used, the anténna feeders or balanced tansmission line are connected to the two terminals
marked A, The rmnnﬂi.nn_ link 1% for ased.

The inmer conductor of a concentric transmission line should be connected to the terminal mackced A ar the
lefe of the antennn rerminal panel, The outer conductor should be connccred to the other terminal macked A aad
grounded by means of the link o G,

In an instllation where the receiver is to be used as the receiving unit in a ransmitting swation 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 malti-element, directional type since the same anteana gain is available
for both receiving and transmifting - a very desirable condition. For switching the antenna from che receiver to
transmitter, a8 antepan change-over relay should be used, A double-pole, double-throw relay possessing good
high-frequency insulatlon is suitable, A second relay and a three position switch may be used to control the
transmitter place supply and the receiver B+ circuits, This second relay may be a single-pole, single-throw type
having oae normally open paic of contacts, The schemaric diagram of this gpe of control circuir is shown in
Figare 3. With 51 in the receive position the antcona wansmission line is conneceed to the recelver by contaces

" 5
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2, 3, 5 and 6 on relay RY-1; che B+ circuir of the teceiver is completed by the switch. (The method of connect-

ing the switch to the BSW verminals is given in paragraph 3=1) With the switch in the ransmit positicn RY-1
contacts 1, 3, 4 and & are closed mansfeming the antenna transmission line to the transmitter; conmaces 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 che peimacy of the transmitter plate supply wansformer. Thus, the statioa is in the receiv-
ing condition with switch 51 in the receive position and in the transmitting condition with 51 in the ranssle
position. With 5-1 in the mid-position the receiver B# circuit and ransmimer plate supply elecuit are both open
thus permitting coil ser changing in the receiver and transmirces.

NOTE

The high-frequency oscillatos, C.W. sscillates, S-Meter
amplifier and the pushepull aodie surput amplifier are
not affected by the exteenal relay connection to the
B.5. %, teeminal board, Unless the A.C, Da-00 switch
iz set at (M these clecults will obtain an uninterrupred

B-plus supply.
2=4. A.C. OPERATION
After unpacking the HRO-G0 receiver and associared equipment proceed as follows: -
(1) Make sure that all tubes are firmly seated in their sockets and tbe 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 rype
handles oo the front panel to their magisum vertical position.

TRAMSMSE |OH LINE
TO ANMTE HH&
[}
L L]
L -
¥
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SOURGE
['rl.l.nlul-'r - ‘k
B Trw e k]
5.1 | *REECEIVE RY-2
HY
[_ TRANSMITTER
FELATE
RECE|VE R TRAMSM|TTER ANT,
—

Figare Mo. 3. Typical Antenna Swirtching Sysvem

{3) Comnect the antenna as recommended in Section 2=32.

{4) Connect the loudspeaker cable to the Outpur verminal board at the rear of the receiver. This is accom-
plished by connecting the outer shield lead to the common terminal and the other to the B-ohm reeminal, A %00-
obm terminal is also available oa the Output terminal board in cases wheee a 500-cha lae is utilized foc loud-
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speaker conne ction,

[5) Connect the receiver A.C, liae codd to the proper source of voltage. The primary switch, 510, mast be
sct an the position corresponding to the line voltage 1o be used i.e., 1107120 or 220/ 240 voles, 50760 cps.

(5} Sex the contrals as recommended in Section § for reception of signals,

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

2=% BATTERY OPERATION

The HEO=60 is I'tl-d“}' i-l:l.lpl.lblr for emerTgency, portable operation or np:rl.r.i.m 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 6305
Vibeator Power Supply designed for opecation from & G-volt stocage battery. The type 6505 power unit draws 9.%
amperes af fevolts when fumishing power to the receiver if the Nassow-Band F.M, Adapeor, Crysoal Calibearsr and
Select-D-]ect units are not used. [f these plugein units are ucilized ypical operating conditions and power con=
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, Flgate Mamber 14, illustrates pin connections of the receiver Power Socket X-4.
Thi= provides the information necessary far'l'i.r:iu!; the acpal ype hl‘ltl}' pluﬂ which is used i plu:c aof the £ gt
lar A C, jumper plag. To conserve 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 & awitch 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.¥, ascillator, 5-Meter Amplifier or the push-pull audio cutpue ubes. A suggested refinement is to inclode a
switch in the .ﬁ.vpl.-l.u. imput lead so char the rube heaters may ke tuened off when the receiver is nof in use without
the necessity of remaving the battery plug from the Power socker. Whea uslng vibeator supply 6505 the swiech
mounted on the power supply may be used,

i=f6. ACCESSORY SOCKETS

Three octal type sockets 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 compacmsent. A
National Type NFM-83-5%0 Narrow-Band F.M. adaptor is designed to fit into this socket and is supplied with a
mounting bracket and drive screws to 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 Cryseal Calibrator socket, X-2, is top chassis mounted in the power compartment. Thia socket is
wited to accommadate & National plug=in Type XCU-%0+2 Crystal Calibeator unit. A slotted head screw arrange-
ment bolts the unit firmly in place. The front panel Calilvate switch provides a means of applying B-plus to the
uait as well as che selection of eicher a 100 or 1000 ke. marker signal,
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(3 A Selecet-D-JTect socker, X-3, of the standard octal type is mounted 20 as o be accessible from the cear
of the receiver, This socket is desigaed primarily for the use of a Natlonal Model S0]-3 Select-0-]ect onlt. The
50]=3 is fivted with an interconnecring cable and pluog for direct connection o the Select-0-Ject socket.

Heference to the Schematic Diagram will show the various connections made to the socket if it is desired to
use the voltages available for accessories other than the Selece-O-Jeet, It will be noted chas B+ (240 V. D.C)
and filament woltages are available, There is o definite limitation on the droin permissible at this socket, The
eotal permissible drain (if the NFM-83-50, XCU-50-2 and 50)-3 are aot used) is L6 amps &t 6.3 V.AC., 10 milli-
amperes at 240 V.D.C.

w=3 o=l
X4 SELECT-0-JECT FHONO
POWER SOCKET SOCKET INPUT JACK

E-2 E-l E-3
F-| BSW ANTENNA  AUDID OUTPUT
AC LINE FUSE TERMINAL TERMINAL TERMB AL
FANEL FAMEL PAMEL

Figure Mo. 4. Reas View of Receiver

SECTION 3. OPERATION
3=1. CONTROLS

All conitrols are identified by fromt-panel markings for ease of identification. The controls are located in &
#ymmatrical manner and are aranged for ease of operacion,

The main tl.l:l.ill HHC¥ type micrometer dial is -1“31'& so that ithe fﬂqﬂﬁ:}- 1o which the receiver tunes in-
creases as the dial reading increases. The slide-rule dial pointer mechanism is synchronized with the main tun-
ing dial using an snti-backlash gear plus an efficient swring-drive arrangement to provide an accarate relatioaship
between the main tuning dial and the direct frequency calibrated scales on the slide-rule drum assembly, Front-
panel mounted is a Band selector contol for rotating the proper scale into place for the coil set to be used.

The R.F, Gain control serves to adjust the amplification of the second H.F., first, second and third L.F. am-
plifier stages. Mazimum sensitivity is obtined by rotating the conmol knob w the exwreme clockwise position
{10 on its circular scale). At the exireme clockwise position all tubes are operating af maxisus gain with mind-
mum bins, As the control is rotated counter-clockwise, incrensing bias is applied to the cathodes of the secoad
R.F., fiest, second and chird L.F, tubes, thas reducing thele amplification.

=10=
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The A.C. On-Off switch is associated with the A.F. Gain control and A.C. power is meaed on as the A.F.
Gain control is advanced from A.C. OFf to zero on its scale,

The B+ Du-Off switch Is connected in the positive lead of the power supply cireuit and its purpose is to dis-
coanect the B-plus during pericds of transmissioa ot THEN CHAMGING COIL SETS. This last fuaction is import-
ant. The B+ circuits are completed when the switch is set at On. However, the B-plus circuits of the high-fre-
quency oacillator, S-Meter amplifier, C.W. oscillator and push-pull pudio output tubes semain On at all toes re-
gardless of the positicn of the B+ On-Off switch providing the A.C. On-Off switch is set at O

Mounted at the rear of the chassis is a three coapecror terminal board marked B.5.W. This allows relay con-
trol of the receiver by either of two methods, As shipped from the factory a jumper in connected between termi-
aals 2 and 3. A relay cosnected berween terminals 1| and 2 and enecgized by the sttion wansmit-receive switch
will tarn the eeceiver B+ on and off provided the receiver B+ switch is in the OFF peositicn. In cther woeds the
relay contacts are connected in parallel with the B+ switch, The relay may be commected in series with the switch
by removing the jumper berween terminals 2 and 3 and coanecting the relay contacts (o terminals 1 and 3. The re-
lay then controls the receiver when the B+ switch is in the ON position. The B.5.W. panel is covered by o meal
shield to prevent accidental contact with the terminals by the operator. Two slots are provided in this shield o
bring out wires to connect to the relay. Care should be mken thas these wires for external connection do mot
short to the B.5.%, shield.

The Phasing contrel and Selectivity switch are part of the cryseal filtee. When the Selectivity switch is set
at Off the crystal is switched out of the circuir. With the erystal switched out the Phasing contral bas no influ=
ence on receiver performance, With the Selectivity switch set at any point berween 1 and 5, inclusive, the crystal
filter is in opeeation, selectivity increasing as the switch is progressively advanced to position 5. The Phasing
control is then used to balance the crystal beidge circuit and eliminate interfering signals or beterodynes. 1t is
recommended that the Tone control be rotated counter-clockwise until the switch is ruroed Dff. This will peovide
optimam reception of the high audio frequencies when using the crystal fileer fo AM, reception, The resultant
boost of the higher frequencies tends to compensate for the side band cutting action of the crystal fileer.

The C.W, oseillart iz narned on by setting the front-panel mownted Control switch at the C.¥. position. The
C.W.0, control provides a vernier tuning adjustment for the C.W. cscillator transformer, This oscillacer is used
to produce an audible beat note when receiving C.U, signals o 1o locate the carrier of & weak phone smtion.
With the Contral switch set at the C.W, position, B-plus is applied to the C.W. oscillator tube providing a constant
B-plus supply regardless of the B+ On-Off switch secting oc the B.5.W, external control devices. Normally dhe
C.W.0, conerol is set at zero, however by romting it either to the right oe lelt of zero the operator can sclect an
sudle tone suitable to the ear, or he may set the control for best reception. The C.W, code characters are made
audible through the be terodyning action of the C.W. oscillator with thae of the incoming signal. Care should be
taken to retard the R.F, Gain control to a point where the receiver does not overload.

WL TER S SRSILLATOR
ADASTMENT " Tomi TE AR e R
SO TRG,

ewg FHONLS AMTERRA LELL] COMTR RPN
GOMTROL ARG T A TUSING EWITES ConTROL
COMTROL oEAL

Figwe Nou 5 Front View of Receiver
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The Limitet control serves to switch oa the limiter and, following this, o adjust the threshold at which
limiting acticn stmrts, With che Limiter control tarned on [t pesition 0 oo the dial scale) limiting sction autcma-
gically akea place ar a reladvely high percentage modulation. Romting the control clockwise progressively
lowers ithe threshold, or percentage modulation, at which limitng action seatts wntil maximum clipping is achieved
at Ift, This limirer is double-acting in that limiting is accomplished by clipping of both positive and negative
peaks. Limiting acdon is equally effective for both phone or C.W, receprion.

The Tone contrel i3 wsed w vary the audio frequency characteristic of the sodio system. A switch mounted on
the coarrol is turned Off by mazisus counterclockwise romtion of the control and peovides maximum low frequency
attenuation. Rotaring the control just ensugh te nea the swich On provides a comparatively flat response over
the entire usable audio feequency range. Rotating the control further in & clockwise direction will areenuare the
bigh audio frequencies affording an improvement in readabilicy when the signal is weak and partially obscured by
background noise. Excessive attenuation of these frequencies, however, may result in an impairment of AM,
:pc.gch inul.]lslbllin'. When receiving C.w. :ig‘mlu: i will be pnlllhl: ta advance the Tome comtrol midmlﬂ}l
further than is possible in AM. reception since audio fidelity is relatively wnimporam

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

The A.F. Gain control adjusts the volume level of the signal at both the Phones jack and loudspeaker termi-
nals, Clockwise rotation of this coatrol increases the signal applied eo che grid of the first andio er tube,
The A.F. Gain control is sperative when aa andio signal is applied w the Phoso input jack with the Cogrrol
switch ser at the Fhono position. ;

A Bandspeead switch s mounted oo the A, B, C and D coil sets. Inspection of the coil set ceramic terminal
panel will show a silver-plated spring metal strip with & slotted center screw. Four silver-plated contacts are
provided oo the terminal panels; rwo for each type of reception i.e., General Coverage or Bandspread. The metal
strip may be turned either to the right o left thereby selecting the type of reception required. A spring tension
detent arrangesent provides for proper placement and a firm wouble-free elecwical contact in each position. [t is
only necessary to switch this from the right to the left hand side o change from General Coverage to Bandspread,
The lower calibeated scale on the slide rule dial is esed when operating in the Basdspread positon. A rypical
coil set showing adjusment locations is illuswrated in Figure Number 7 contained in Section 4.

The Asnt. Trim. control operates a tuning capacitor which is connected across the firsc B.F. amplificr section
of the main tuning capacitee. This trimeer control is used to tane che fiest BLF. amplifier stage propeely under a
wide variety of antenna loading conditions over the entire frequency range of the receiver.

The Dimmer control is a variable resistor actuated by a front-panc]l mounted knob. It is coanected in series
with one of the filament supply wires to the S-Meter and slidesrule dial pilot lamps and furnishes a means of vary-
ing the degree of illumination as desired by the cpercor,

The froat-panel mounted Osc. wrimmer conwol drives a variable alr capacitor coanected in paralle] wich the
oscillagor main runing capacitor, Assuming that the receiver is properly aligned this compensating trimmer may be
used for minos calibration adjustments. Calibeation can be checked by the use of sccurate crysul-conmelled
test oscillators o by using the Natioaal Model XCU-%0-2 Crystal Calibeator. Use of the Osc. mimmer should not
be avtempted until the receiver has had & warseup period of ar least five minutes.

A four-position Contrel switch is mounted oa the fron: pancl of the receiver. In the C.W. position, the W,
oscillator is placed in operation. The A.M. position provides notmal reception of phooe or beoadcast sigaals. In
the N.F.M. position the reception of narrow-band F.M. signals is possible provided a Natioaal Type NFM-83-50
adaptor is plugged into the N.B.F.M. socket. With the Coatrol swirch in this position the adapror is connected
between the output of the intermediate amplifier and the input of the audio system. When the conwol switch is
set in the Phono position, the Phono jack is connected to the input of the asdio amplifier, In the Phono posi-
tion all of the receiver circuits excepe the andio system are rendered inoperative. The A.F. Gain and Tose con-
trols remain opecative, I it is so desired the record player may remaln connected to the recelver and normal re-
ceiving operation resumed by setting the Conwrol switch to any of the other positivas.
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-2, PHOME RECEPTION

After the HRO=50 iz properly Installed as catlined in Seccon 2, I is placed ia operation by the following ad-
juen emen a:

1. Set the Coatrol switch ar AM.
2. Setthe AV.C. switch ar AV.C,
3. Sec the Selectvity switch ar OFf.
4. Set the Phasing control at zera.
% Ser the Limirer control at OfF
6. Set the R.F. Gaia concrol ag 10,
7. Check the positlon of the Dac. trimmer control palater. It is aligaed ac the facpory 3o thar peoper cali-
bration is obtained with the pointer in a 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 set in use,
1l. T the AF, Gain centrel tw the positien giving the desired audio volume.
1% Adjust che Ant, Trim, coatrol for & maximam 5-Meter reading after the desired staton has been selected,
Altecnarely in the abseace of & sigaal the Ant. Trim, control may be set for maximum receiver background solse.
13, Turn the Toae conmol o & position giving the desired audio output response.

The receiver is now adjusted for the reception of phone signals and will mane o the frequency commesponding
to the plug-in coil set in use and the secting of the main uning dial. If a dual-coverage plug-in coil set is used
the position of the Bandspread switch, as previously described in paragraph 1 of chis secdon, will determine the
frequency coverage l.e., Geaeral Coverage or Dandspread

The settings given above are for the reception of signals of average strength. Exceprionally strong or weak
signals may require modification of the above settings. The operator must remember that astomatic volome conr
trol action will be restricted unless the R.F. Gain control is fully advanced. Audic output should be adjusted
entirely by means of the A.F, Galn coatral,

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

Moise Limiter = When a signal is accompanied by sotic peaks or ncise pulses of high intensicy and sheet
duration, the best signal-to-noise ratio will be obtmined by mming On the Limiter conol. In general, it will be
found that tarming 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 Limiter comtrol co a higher dial seming.

Tone control = An improvement in signal-to-noise ratlo can be realized by sening the Tone control to attenu
ate the bigh audio frequencics, When receiving weak signals which are pardally chscured by background noise
o statie an improvement in reception will be noticed by rotating the Tone control in a clockwise manner. How-
ever, too duch atteneaton 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 seuing of the Selectivity switch in phome or broadcast reception is at one of the posi-
tions affording broad selectivity. Positlons marked OF, 1 or 2 are recommended. Selectivicy may be progressive-
Iy increased by rarning the Selectivity switch o 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 tuning. [f the selectivity is in-
ereased oo much, these higher frequency aadio tones will be attenuated to such an extent that phoae or broad-
cast signals may become unintelligible due to excessive side-band cunting, The Phasing conmol is past of the
crystal filver and is used to eliminate or amenuare inwerfering beterodynes. The Phasing coawol is inoperative
with the Selectivity switch set in the Off position bur is operative in all other settings. The normal sewing of
the Phasing control with the crystal fileer On (i.e., the Sclectivity switch set az 1, 2, 3, 4 or 5) in phooe recep-
tion is af zeco oo its scale, U, after a desired signal has been tased in, ao intecfering signal cavses a betero-
dyae or whistle the Phasing control should be adjusted uatil this ineerfecence is teduced to a minimum, The sec-
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ting of the Phasing coatrol sbhould be that which provides a maximum attenuation of the objectionable heterc-
dyme. [f the heterodyae is below 1,000 cycles the optimus Phasing control setting will be sear either one or
the ather end of the dial scale, depending upon whether the interferiog sigeal has o higher or lower frequency
than the desired sigaal.

3=3. C.¥W. RECEPTION

The initial adjustment of the receiver conmols for C.¥, recepton is the same as given in Section 3=2 except
that the Control switch must be set at C.W, The C.W. oscillator should be set at zero and the A.F. Guin well ad-
vanced.,

The awudio level of the receiver should be adjusted by menns of the R.F. Guin coatol, caze being taken not
to advance the eontol to cthe point where strong signals will casse LF. or audic amplifier overload, as indicated
by excessive thumping.

For the reception of C.W, aignals the action of the crysml filter is similar to that for phone recepiion except
that full use of the sharp selectivity positicn may be used withour the loss of intelligibiliry experieaced in phone
reeprion. When mazisum selectivity is used, (Selectvity switch ar position %) care must be exercised since
tuning is wery crivical, When the receiver is slowly maned across the camier of the received signal the beat-note
produced will be very sharply peaked in output ar & particular sudio pitch. This peak in respoase indicates che
comect tecelver dial setting. The setting of the CU.0. control must be such that the beat-note peak is well wich
in the audible mnge 8o that the receiver peak respoase may be readily observed, A C.W.0. dial seting near zeco
is recommended. After che feceiver has been correctly muned, the pitch of the beat-aote peak may be adjusted by
means of the C.¥.0h coomol to provide an audio tone which is pleasing to copy of coincides with any response
peaks in the speaker or headphones, Under these conditions the receiver will exhibit pronounced single-signal
properties which may be demonstrated by tuniag the receiver to the other side of "zero-beat’ so that the pitch is
the same &3 before and observe the marked reduction in output, This dial setting is met recommended for use
other than to demonstrate the single-signal properdes of the receiver. With die receiver mned to 'crystal peak’,
an interfering signal may be atcenuated by proper seting of the Phasiog conmol sinee this control has little ef-
fect on the desired signal.

Similas to phone reception the Limiter control can be used to grear advantage in C.W. reception for the re-
dwction of interfesence due to external noise pulses. For C.W, recepiion, bowever, the Limiter conmol may be
set at a well advanced position on the dial scale as excessive clipping of the modulasion peaks will sot be ex-
perienced as might be the case in phone reception. Also the Teae control may be advanced considerably further
for C.W. receprion since nudio fidelicy is relatively uaimportant,

3=f. N.B.F.M. OPERATION

The HRO-6) receiver is adaptable for Narrow-Band F.M, reception by utilizing & National Type NFH-83-50
Nareow-Band F.M, adaptor. Opeeating instructions as given in paragraph 3~2 of this section are applicable for
the recepeion of narow-band F.M. signals except that the control switch must be set ac N.F.M. It is recominenid-
ed when the operatot is scanaing a band for sigoals that the control swirch is set ar AM. An F.M. signal is ia-
dicated by the presence of an audio null in the cente of the signal carvier. When an F.M. signal is encountered
the Control switeh should then be set at N.F.M, and with the A.Y.C. switch set at A.V.C. the signal cuned for

maximum S-Meter reading.
NOTE
————

The pass band of the NFM-83-50 is sufficiently
wide to accomodate oy narrow band FM signal
#o long as the tranamittes Ia beld withia recom-
mended deviation limits, If excessive peak de-
viation cecurs &t the transmitoer diswoetion will
result in the receiver when the adaptos Is in use
even though the signal appears undistorted when
using A.M. slope detection
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3-5. MEASUREMENT OF SIGNAL S5TRENGTH

Extremely high gain bas been incorporated within the HRO-00 to inswre optisum sensitivity over & wide range
of operating conditions. This additicanl gain cesults in higher than normal S-Meter madlogs when the convention=
al method of control adjustment is used Very accurate signal steagth measaremenis may be obtained by e fol-
I:-ln! pran:&pe:

L. Set the B.F. Galn coneal ar 10, the Contrnl switch at AM. and the AY.C-0FF switch at AV.C

2. Set the Selectivity switch at Off and the Phasiog contmol at zero. TheLimiter, Tooe nad AF. Gala con=
ols do et affect the S=Meter ceading.

3. Tune the receiver ofi the signal so that the 5-Meter Is reading caly background noise.

4. Retard the R.F. Galn control uatll the meter reads 5-1,

Tune in the desired signal and the 5-Meter will indicate the ezact strength of the received signal in S-anits
from 1 to ¥ of in decibels above the 50 level kom zem w 40 db. These readings will remain accurate uatl de
R.F. Gain control is moved or & diffecent coll set plugged in.

The 5-Meter circuit compeasator requires adjustment oaly when it is impossible © cbtain & zero reading with
oo antenns connecred and che BLF, Gain ar zero, See Section 4=7 for adjustment procedure.

Design of the S5-Meter actuating circuit is such that a sigoal swoager than 40 db. above 59 cannot cause the
meter pointer o come into violent contact with the full-scale meter stop pin thus preventing the possible beading
of the meter pointer.

Menswemeniy of the signal strength of C,W, signals cannot be made with the C.W. oscillator in opemiion.

With the ceceiver AC-On-08f awitch ser ag OFf the mever poineer will recurn to its sechanical zero located on
the right hand or 40 db, end of the meter,

_SECTION 4. ALIGNENT DATA_

4=L GENERAL

All circuits in the HRO-G0 receiver are earefully aligned before shipment ualag precision test equipment io-
suring accorate coaformability o the alignment frequeacy. No realignment of the varicus adjustmenes will be re-
quired unless the receiver is tampered with or component parts or twbe replacements have been necessary.

A definite need for reali gnment can be determined by checking dhe perlormance of the receiver agninat its
normal operation as cutined in Section 3. A simple check to assure the need of realigament of the [L.F. Amplifier
is provided in paragriph §=2 of this section. In 6o case should realignmest be anempted unless tests indicase
that such realignment is necessary. Even then it must be remembered thar the HRO-60 is a communications re=
ceiver and should not be serviced or realigned by any individual who does not have a complere understanding of
the fusctioning of the equipment and who has oot had peevious experience adjusting receivers of this oype.

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

(s} Imermediate Frequency Amplifier alignment including crystl filter adjasomencs,
(k) Secoad Coaverslon Cleculr Alighment.

(c) General Coverage Alignment.

{4} Bandspeead Aligament,

All cizcuits must be tuned in the above order when complete alignment Is required. All alignment adjusiments
and contrels are showa on Figwes &, 7 and 10b.

4=L LF. AMPLIFIER ALIGNMENT

The second intermediate frequency of the HRO=-GD is 453 kilocycles plus of misus 2 kilocycles. The ezact
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Fligure No. & Top View of Receiver

frequency is determined by the quartz crystal rescnator, ¥-1, used in the crystal fileer. Variable oimmer capaci-
tors and variable iron-core inductors are used w effect alignment. These adjustments sre locared on Flguses 6
and 10k,

The peeliminary alignment procedwe is as follows:

(1) Pleg in dhe [} range coil-set.

(2) Connect the high output lead of an accwrately calibrated signal generator m the starce of the mizer see-
tion of the main mwaing capacitor, C-5C. and the ground lead o the capacitor ame.

{3 Conmect an cutput meter having mn B or 500 ohm resistive load to the matching output terminals on die
receiver. As an alicraative & high-impedance A.C. volimeter may be connected w the phones jack.

{4} 5et the Control switch ar CW,

(5} Set the A.V.C. switch ac Off,

(G} Ser che Phasing contral at zero.

{7} Set the Selectivity switch at 5.

(B} Set the AJF. Gain conceal ar 10,

(%) Set che B,F. Gain control at 9.

{10} Turn the modulation of the signal generatcs off o provide a steady C.¥. test sigoal taned to approxi-
-Illlr 455 h:ilm:ychl,

Adjust the output attenuator of the signal generator w0 provide a signal of approximately 100 microvoles. The
C. .0, control must be ser o provide an audio beat-note at some frequency between 400 and 1000 cycles per
second. The presence of this beat note can readily be determined by remporarily conaccting headphones or a
losdspeaker to the recelver, If difficulty is encountered in cbmining such a bear note an adjusosent of the C.9.0,
inductor L-16 must be made,

Vary the tuning control of the sigaal generator very slowly berween the frequencies of 453 and 457 kilocyeles.

At one frequency between thess limits the LF. amplifier of the receiver will show a very definite sharply peaked
tesponse as indicated on the output meter, This frequency is that of coyseal Y-, and LF, alignment is made at
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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 predominant pitch of the background noise is lowest and & distinct crystal riag is beard. Note this seting of
the C.W.0. coatrol. Discosnect the crystal filter from the circuit by nurning the Selectivity switch o the O
poslton. Owmce more adjust the C.W.0. control for the lowest predomisant pitch of background nolse and nore che
setting, If the I.F. amplifier is correctly aligned to the crystal frequency the C.%.0. control setting will be the
same for both tesrs outlined above.

While m:lkhq; L.F. -.w].h‘iq adjuesosents it will be mecessiry o petird the attenustor of the lip:.l] pEnemtor if
LF. amplifier gain increases to & polat where ovecload oecuss. Withowt alteriag the frequency setting of the signal
genemtor, set the Selectivity switch at OFf, the Conirol switch at A.ML. and two the modulation of the =sigmal gener
ator O Inductors L-2 through L-11 should st chis poist each be carefully adjusted o give & mazimum reading
an the cutput metes. The order in which these adjusimears are performed is not Impoxtant.

Upon completion of the above adjustments set the Selectivity switch at 1. Set the frequency of the signal
geaceatos I kilecyeles higher and adjasc che crvaral flier inducror L-13 lor & saximum putpur meter Indication,
After making this adjustment set the selectivity control at Off and retwrn the signal genemtor to the exact crystal
frequency (2 kilocyelea lower). Tume the Selectwity compensating wimmer capacitor C-38 for & mavises reading
of the oufpust meter.

The Phaziag coatrol as sec at che factory should need o farther atcention. VWhea comectly st a predominnnt
decrease in background level will be found with the Selectivity switch at position 5 and the Phasing coateol at
zero. This same null point should be found by rowaring the Phasing contol exacdy 180 degrees. If not, a slight
adjustment of che phase balancing capacitor C-36 will provide the proper aettdag.

Turn the moduladon of e signal geaerator O and ser the Conmol switch ar C.W. Set de W0, control ©
zero beat with the signal generator signal. If zero beat does not occix at 0 oa the control dial casdhally readjust
inductos L-16 of the C,W. cacillarer rransformer T-11.

4=3. SECOND CONVERSION CIRCUIT ALIGNMENT

Tte ficst LF. frequency of the HRO-60 when wsing double conversion is 1990 kilocycles plus or mious 3 kilo-
cycles, The comect alignment procedure is as follows:

1. Leave the signal generator connected to the mizer section of the mwalag capaciwe and the ourput meter
coanected o the puiput terminals of the receiver as in paragraph 42,

2. Set the Coatrol switch at A.M.

%, Setthe AV.C swich at OFf,

4. 5Set the Phasing coatral &g xera.

4. Sei the Selectivity switch at Off.

6. Setthe AF. Galn concrol ar 10.

T. Setche FLF. Galn concrol at 9.

B. Turn the modulation of the signal generator on o provide a sodulated test signal taned o exacely 1990
kilocycles,

B. Plug in the B range coll ser

10. Adjust L-17 for o distinct peak as indicated on the outpue metes. [f L-17 ia badly misaligoed spuricus
slgnals will be found in additicn to the deaired signal. The proper tuning point will give & peak eeading of much
higher value than will the incorrect coil settings and is easily deteemined.

11. Adjust L-18 aad L-19 for maxisus reading of the output meter.

HOTE

A comparison of the output meter readings caken
im Fmpll i=73 with those of F-lpph [
will show a much lower output level foer the
double conversion set-ap. This is due = the
abentiag effect of the B-raage coil upon the sig-
oal generstor outpat and in oo way indicates a
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Inll.ul‘lu': Fl'u. The meihod fﬂ'M'
stage gain Seasuwemens is discussed in

Faragraph 5-3.
d=i. 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 alipnment at tee National Labomatories is accomplished by the ase of
peecision, erystal-contrelled teat cacillames, Mo realigament should be atcempred unless a peliable test sigaal
source is available. In cthe case of Geneml Covemge H.F, oacillator slignment, a test signal soarce with an accur-
mcy of 0.1% or better is rpqui.n:d., For E-dlp.'cl.d. lliln-qm: the calibration RCCUmCY demands ‘that the test Ii.E]-l
spuarce have de accuracy of precision-calibeated crysals. The entre range of tear frequencics required may be ob-
tained by the use of nine erystals operating at their fundasental and harmenle 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, 13 and 16 megacycles.

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

The meed for realigament of the W.F, oacillator of any band is indicated when the frequency calibration of the
teceiver dial is in ecror by more than 1% at she high frequency eod of the band in question, If it is degermined thas
realigament is oecessary proceed as follows:

(1} Consect as catpust meter o the receiver as described in parsgraph §=2 of this section and disconnect the
Anubenna.

(2} Set the Conmol switch at AM.

(3} Se¢ the AVLC, awieeh ar OHE

[4) Set the Selecevity swltch ar Oif.

(5] Sei the R.F. Guin control ai 10.

{6) Set the Bandspread switches in the General Coverage position.

(T) Setdhe AF. Gain control to provide a suitable output level,

(81 Check the positon of the Ast. Trim. and Osc, oimmer controls. Alignment should be made wich both of
the pointers on thest controls in a vertical position with the arrow-head poiated towards the top of the receiver.

The following Alignment chart gives a step-by=step procedure to follow in efecting the Gemeral Coverage
alignment of ench coil ser. It is important deae che chare of adjustments is adbered to in the order shown. Ir will
be moted that Geneml Coverage aligoment affect Bandapread alignment, but tmt adjustment of Basdspread align-
meat does oot affect Geneml Coverage.

Particular care must be taken whep adjusting the bigh-frequency oscillatoe crimmer C-26 in each coil set.
Three different checking procedures must be followed. The coil sets below 7 megicycles muat be adjuamd so
that e oscillator frequency is higher than the B.F. frequency and the image should be located 910 ke, below dhe
fundamental on the dial. The cscillacos for the mages berween 7 megacycles and 35 megacycles is set o the
higher frequency but its image would appear 3980 ke, below the fundamental, In some cases this will fall curside
the mage of the coll set 3o special procedures must be used. In the 50 o 54 megucycle coil set the oscillator
must be trimmed to & fequeacy lower than e fundasenml. The method for making these checks follows:

1. When mrimsing the oacillator in & coil set below 7 megucycles nrn the receiver dial 910 kilocycles below
the test frequency. If the image does not appear at this point the oscillator is incorrecdy adjusted and the capa-
city of the trimmer must be reduced untll the fundamental aod the image appear st thels proper dial locations,

1. Whea mimming the oscillator of any coil set in the range between 7 and 35 megacycles the image mast be
located 980 kilocyeles below the fundamental. Since this frequency will be outside the mage of the coil set in
some cases the oaly alteraitive is to leave the receiver tuned to the fundamental and ralse the signal geoerntor
output frepency 3980 kilocycles. It will probably be aecessary to increase the generator cutput to make the image
readable since rejection will be as high as 90 db. in most coil sets. The image of the signal from the geacrator
must sppear &t the prescat recelver dial secting o indicate proper oscillator seing.

3, The oscillator in the AD coll set muoni be trimmed to the low-side of ghe F.F. signal. In this instance
the image must be located 3080 ke, above die fundamental, Leave the recelver uned o the fundamental and low-
er the genemtor frequency 3980 ke, The generiios output may bave o be increased to make the image seadable,
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The image must be located at this point or the oscillator rimmer js incorrectly adjusced.

After the higlefrequency oscillamws is cormectly calibrated che R.F. amplifier timmers C-2 and C-15 and the
mixer trimmer C-21 should be adjusted for maximum receiver galn as measured by the cutput meter. Coil sets A
and [} do mot use a flesg B.F, amplifier immer but are peak tuned by the use of te Ane, Trim. concral over the
full frequency range of each coll ser. It may be desirable to align the R.F. Amplifier wimsers C-1 and C-15 and
the mizer erimeser C-21 using receiver background oolse as an indication of maximum gain, rather than the signal
source, If this altersate sethod of alignment is used the poiat of mazimum gain is char secing of the oimmers
which provides the loudest receiver background noise, However, it is possible to align the R.F. amplifier and
mixzer stages to the image frequency using background nolse as an indicator. A check of this possibility is to nane
in the image signal = if the image is weaker than the fundamental signal B.F. amplifier and miver stages are cor-
iectly aligned.

Correction of tracking errors of the R.F. amplifier and mixer stages at the low frequency limit of each coil set
is accomplished by the adjustments listed on the Alignment Chart. The actual tracking of chese stages may be
checked by pressing the outside rotor plates of the main tuning capacitor section toward or away from the stator
in a manner assuring that the rotee plates will speing back o their ofiginal position. Any change in capacity
should decrease the receiver gain if the stage is tracking properly.

The locations of the adjustments referred o on the General Coverage Chart are shown on Figure Number 7.
Each variable on the chart is followed by a number in parentbesis to identify its position on the reapective coil
set, Schematic diagrams of each of the plug-in coils sets are furnished ca Figare Numbers 11, 12 and 13.

BANDSWITCH SHOWN
IN GEWERAL

COVERAGE POSITION

I 2 3 4 5 6 T L

WOTE!D (INDUCTANCE ADJUSTMENTS ARE &5 FOLLOWS:
I. A,8,C,AAABAC AND AD COIL BETS-— LOOP OF WIRE INSIDE COIL FORM=--BENDING THE LOQ® ONE
WAY OR THME OTHER WARIES THL IMDUCTARCE.
2. 0 COIL SET=--ADJUSTABLE DISE INSIDE COIL FORM--- MOVING DISC TOWARD THE CENTER OF THE
CoiL DECREASES THE INDUCTANCE.
3. E,F5,H AND J COIL SETS---& SHOAT CIBCUITED TulBN OF WIRE AROUND THE OUTSIDE OF THE OOIL.
MOVING THIE TURN UF AND DOWM VARIES THE INDUCTAWCE.
FOR COIL SETS A8 C AND O INDUCTAMCE ADJUSTMENTS ARE MWADE AT POSITIONS @,01,013 AND 8. FOR
coM SETS E, F,6,H AND J ADJUSTMEWT |15 WADE AT POSITION 16, FOR ML SETS AA.AB,AC AND AD
ADJUSTMENTS ARE WADE AT & OR 10, 10 OF IE, 1% OR 14 AND IS OR 16 WHICHEVER POSITIONS AFFORD
THE MANINUM ACCESSIBILITY.

Figure Mo. 7. Typical Coll Set Showing Alignment Adjustment Locations
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GENERAL COVERAGE CHART

Cadl Adjuast Signal Source and Adjust o Receive Adjust for
Seep | Set Heceiver o Test 5.|._F.ll Maxisus Chatput
1 A 30.0 Me. Trimmer capacitor C-26 Trimmer capacitoes C-21 (Pos. 6,
(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 ecessary
i B 14,4 Mc. Trimmer capacitor C-26 Telmmet :.|.|:||ﬂn.m C=21 [Pos. &),
(Pos. B C=1% (Pas. 4), C-2 (Pos. 2k
i B 7.0 Me. Inductance at Pos, Na. 16 Induceance at Pos. Nos. 13, 11, %
] B 14,4 Me. Check step 1. Repeat steps | and
2 if BECESSArY.
1 ' T3 Mes Trimmer capacitor C-26 Trimmer capacitors C-21 (Pos. &),
(Pos. 8. C-1% {Pos. 4}, C-2 (Pos, 2}
2 C 1.5 Me. Inducnce 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, &)
(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 | and)
2 if mecessary,
1 E .0 Mc, Trimmer capacitor C-20 Teimmer capacivoes C-21 (Pos. 6),
(Pos. B) €15 (Fos. 4).
1 E 1.0 Mec Padder capacier C=100
(Pos. Th
3 E 1.4 Mic. Induc tance at Pos. Mo. L6
'] E 2.0 Mc. Check step 1. Hepeap steps 1, 2
and 3 if necessnry.
1 F 0.5 Mc. Trimmer capacitor C-26 Teimmer capaciters C=21 (Pos. 6),
(Pos. 8. C=1% (Pos. 4), C-2 (Pos. Z).
2 F 0.5 Me. Padder capacis =10
(Pos. Th
5 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.
1 G 400 Ke. Trimmer capacitor C-35 Trimmer capacitors C-21 (Pos. &),
(Pos. B) C-15 (Pos. 4k
. G 200 Ke, Padder copacime C-100
(Pes. 7).
3 G 300 Ke. Induceance at Pos. No. 16,
4 G 400 K. Check step 1. H.rpurl: stepa 1, 2
and 3 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-15 (Pos. 4), C-2 (Pos. 2).
F H 100 Kc, Padder capacitoe C-100
(Fos. T).
3 H 150 Kc. Inductance at 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., B). C-1% (Pos. 41, C-2 (Pos. 2.
F ] 50 Ko Padder capacicor C-104)
{(Pos. Th
3 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,. Th: C=15 {Pos. 3}, C-2 (Pos. 1}.
2 AA 1.2 Me. Padder Cupaciton C=10 Padder capacitors C=00 {F‘m. )y
(Fos. E). C-08 (Pos. 4), C-97 (Pos. 2).
3 AA 28 Mic. Inductance at Pos, No. 16. Inductunce at Pos, Nos. 13, 11, 9.
4 AA 30 Mea Check step 1. Repeat steps 1, 2
and 3 if necessary.
1 AB 15 Me. Trimmer l:i]:ll.l:il'.-ur C=26 Trimmer capacitoes C-21 {Pos. -ﬁ],
{Pos, Bl C-1% (Pos. 4), C-2 (Pos. X
s AB 25 Me. Padder capacitor C-100 Padder capacitors C-50 (Pos. 9),
(Pos, T}, Ca58 (Pos: 3), C97 (Pos. 1)
3 AB 30 Mc, Inductance at Pas, Ne, L6, leducennce ag Pos, Mos. 13, 11, %
4 AB 3% Me. Check step 1. Repeat steps 1, 2
and 3 if necessary. Check seep L.
1 AC Q1.5 Me. Teimmer capacitor C-26 Teimmer capacicees C=21 (Pos. 5,
(Fos, Th C=15 (Pos. 3), G2 (Pos. 1)
] AC 11 Me. Padder capaciece C-100 Padder capacitors C-99 (Pos. £1,
{FPos, B} C-98 (Pos. 4, C-07 (Pos. 1),
3 AC 213 Me, laductance ae Pas, No. L6, laducenace at Pos, MNos. 13, 11, &
4 AC 21.5 Me. Check step 1. Repeat steps 1, 2
and 3 if necessary, Check step 1.
1 AD 54 Mc. Trimmer capacitor C-26 Teimmer t:l.pl.cih;rl- C-21 (Pos. §);
{Pos. 7). C=15 (Pos. 3), G2 (Pos. 1)
2 AD 0 Me, Padder capacitor C-100 Padder capaciees C-99 (Pos. &),
(Pos. 8). C-98 (Pos, 4), 597 (Poa, I
3 AD 52 Me, Ieduceance ar Pos, No, 16, leductance ar Pos, MNos, 13, 11, 2,
4 AD 54 Me. Check step 1. Repeat steps 1, 2
and 3 if necessary. Cheek acep 1.

d4=3. BANDSPREAD ALIGNMENT

The data given in this section applies to the Bandspeead Alignment of the high-lrequency oacillasse, R.F.
amplificr and mizer saages of coil sees A, B, C and [% It is impoctant that no Bandspread adjustments are mads
untl after completon of General Coverage alignment as Geneeal Coverage adjustments affect Bandspread align-

BEETNL.
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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 45 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-hand or Bandspeead position,

The procedure in effecting Bandspeead alignment is accomplished by adhering to the insoucfions given in
the Bandspeead Aligament Chart. The procedure is similar to that for General Coverage except foe the method
followed in checking tracking emors of the R.F, amplifier and mizer stages at the low-lrequency limit of each coil
set. To secuwe an indication of proper wracking, check the seiting of the Bandspread mimmer capaciooes C-5, C=16
and C-22 for the position of maximum fecelver gmin. Any change in capacity abould decrease the receiver gain
indicating proper racking, The use of the trimmer capacivors C-3, C-16 and C-22 for mackingchecks may destroy
their proper settings, therefore they muse be carefully rechecked at the high-frequency limit of the coil ser. The
location of the adjustments referred to in this section are ahowas on Fitu.r-e MNumbee 7. Emch wariable on che char
is followed by a pusber in parentheals o identlly bts position oa the respective coll see. Schematie dagrams of
cach of the low combination Bandspread and General Coverage coil sets A, B, C and I} are fwrnished on Figure
Mumber 11.

BANDSPREAD ALIGNMENT CHART

Coil Adjese Signal Searce and Adjust to Receive Adjuse foe
Seep | Sen Receiver go: Test Signal Mazimuam (itpat
1 A 0.0 Me. Trimmer eapaciter C-27 Trimmer capacitora C-22 (Pos. 5),
[(Pos. 7). C-16 (Pos. 3), C-3 (Pos. 1)
F A 7.3 Me. Padder capacitoe C-2% Padder capacicees C-20 (Pos. 14),
{Pos. 15). C-14, (Pos. 12}, C-1 (Pos. 10).
3 A 3.0 Mc, Check step 1. Repeat steps | and|
i if pecesancy. Check step 1.
1 B 14.4 Me, Trimmer capacitor C-27 Trimemer capacitors C-22 {Pos. 5},
(Fos. 7. C-=16 (Pos. 3), C=3 (Pos. 1)
2 B 14.0 Me, Padder capacitor C-25 Padder capacitees C-3) [ Pos. 14),
(Pos. 15k C-14 (Poa. 12), C-1 (Pos. 10).
3 B 14.4 Mc. Check step 1. Repeat steps 1 andl
2 if necessary., Check step L.
1 C 7.3 Me. Trimmeer capacitor C=17 Trimmer capacitors C=12 (Pas. 5),
[Pos. T C=16 (Pos. 3), C-3 (Pos. 1k
) C 70 Me, Padder capacioe C-25 Padder capacivors C-20 (Pos. 14),
(Pos. 15). C-14 (Pos. 12), C-1 (Pos. 10).
i C 7.3 Mc, Check step 1. Repeat steps 1
2 if pecessary. Check step 1.
1 ] 4.0 Me. Trimeser capacioor C-27 Trimmer capacitors C-23 (Pos. 5),
(Pos. Tk C-16 (Pos. 3), C-3 (Pos. 1k
i (] 5.5 Mc, Padder capacitor C-25 Padder capacitors C-20 (Fos. 14},
Pos. 1%). C-14 (Pos. 12), C-1 (Pos. 100,
3 o 4.0 Me., Cheek step 1. Repeat steps 1
2 il pecessary. Check step 1.

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

The tracking of die firsc B.F, amplifier stage on each of the coil ranges may be checked by rottiog the Ant,
Trim. conerel. 1f ewo definite peaks in outpat are observed while rotacing the Ant. Trim. coatrol, the fiest R.F,
amplifier stage is tracking correctly and the setting at either peak ia comect. The lack of a-peak in cutput o
the presence of caly one peak indicates the smge is not tracking properly and comection should be made. The
General Coverage adjustments affect the Bandspread adjustments and must therefore be performed firse. The

H.J.n'l'h; F‘md.-.n: should be adkered to:

-2

24

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

2

,'E i Reworked by



(o) GENERAL COVERAGE

{1} Set the Bandspread switch on each coil to the lefi-hand side o General Coverage position, Adjust
the recelver for pormal operation as follows: Cootrol switch at AM., Selectivity switch ar OH, Ant. Trim. coa-
ol poiater set in a verleal poslton with the amow head townrds the top of the receiver, A.F. Gain control ser
ai 1} and the R.F. Gain control set to provide a sultable aigeal level

(2} Coanect the antenaa feeders o the receiver antenns termimals mod tune the receiver o the lk,plll slownn
in step 1 on the General Covernge Alignment Chart for the coll set to be aligned. Adjust the wrimmer capacitor C-2
for mazimus sigoal cutput. Coll sets A apd D do oot use & fiese 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 adjusced in the same manner as for General Coverage shift the Bandspread swicch on
each coil terminal pasel to the right-band side or bandspread positios.

(2} Coonect the antenna feeders to the receiver antenos terminal and tune the receiver to the signal
shown in Step 1 oa the Bandspread Alignment Chart for the coil set being aligned. Adjust the Bandspread wimser
capacitor C+ 3 for maximum signal output. If no sigmal can be received the wimmer may be adjusred for maximam
background nolae.

4=7: SMETER ADJUSTMENT

The S-Meter balancing resiswr R-21 is used to obtain & zero meter reading in the absence of signal input to
the receiver. To make this adjustment set the controls as follows: Set the B.F, Gain contrel at 0, AY.C, swicch
at A V.C., Control switch at A.M. sad the AC. awitch at On. Adjust the S-Meter balancing resistor R-21 for
zero reading on the S-Meter. This is a screwdriver fype adjustment located on the top of the chassis,

SECTIOH 5. MAIHTEHAHCE
i=1. GENERAL MAINTEMANCE DATA

Any repairs in dve HRO=G0 receiver which necessimee resoldering of joints must be made with care. A good
mechanical connection mast be made belore the solder ia applied.

Failure of & vacuum tabe in the receiver may reduce the sensitivity, produce intemmittent operation ot cause
the equipment to be completely inopermtive, In such cases, all mbes should be checked la an analyzer or similar
tube testing equipment or by replacement with rubes of proven quality. When any tube is tested, it should be
tapped or jarred to make sure that it has no inversal locse connection or intermictent short circuit,

Tubes of the same type will vary slightly in their individual charactevistics and this fact should be borne

in mind when replacements become necessary. The C.W. oacillator, high-frequency pacillator and I.F. mbes

should be chosen with care t select a replacement which most pearly approsches the characteristic of the origi-
nal tube, A replacement high frequency osclllator tube can be readily checked by noting any change in diial cali-
beation, particularly on the asarewr bandspread bands. Subsdmtion of new LF. amplifier tubes may possibly
alier overall gain and selectivicy characwristica, The secesaity for realignment as well as alignment procedures
is discussed in Secdon 4.

In case of beeakdown or failure of the peceiver, the fault must flrst be localized. This can often be accom-
plished by observation of some peculiar action of one of e cootrols. Refercsce o the circulr dagram will aid
in checking voltages at the various tube elements, Mensurement of voltages in accordance with Section 5-4 will
most likely indicate where failure bas occurred.
=2, CIRCUIT FAILURES

All component parts In the HRO-6) ceceiver have been selected w assuwre an ample fa cuor of safery. Failure
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=ay occur in individual cases and the most common cause of failure, excluding nbes, will probably be due w
breakdown of a capacitor or resistor.

In the event of failure of the §H-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 open-circuired, will
cause decreased sensidvicy, oscillation or poor stability. 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 defindvely located by mensuring the resistance of each individual re-
sistor. The schematic diagram should be consulted 1o make sure that any particular resistor under test is oot con-
oecied in paralle]l wicth some other circuit element which might produce & false measarement.

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 MEASUREMENTS

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
output circuit L.e., B or 500 ohms o the outpuat terminal panel in place of the. loudspeaker. It is impormnc dar che
peopet cutpat impedance match be observed,

" Conaect the high output lead of che signal generator through m 0.1 =f coupling capacitor to the grid of each
tube as specified in the wllowing tble. The ground lead of the generator is connecied to aoy convenient chassis
poins

The signal penerator, using 305 modalation, is varied berween 453 nod 457 kilocycles until & proacunced
peak is obtalned on the output meter. ¥

With the geoerator attenumred to provide & one walt reading oo the culput meter the sigoal generator output
should read wichin che limite specified on the following mble:

TERMINAL TEST SIGHNAL

Mizer Grid 60+ 10 Microvolts

First L.F. Grid 150 £ 20 Microvols

Second LF. Geld 1760 £ M0 Microvolts

Third L.F. Grid 40, () £3000 Microvolts
NOTE

To cbtain & gain measuwrement trough the second con-
wErS o stage it will be nECessnry o release the con-
verslon awiich, Plagglag la aay buae the D raage coil
wied ia the preceding mensurements would result in
readings which bear no relation to those already taken,
In order to release ihe switch the receiver botiom Plll::
must be removed Hemowe the phillips head plvor sceew
in the ceater of the awitch arm marked with an X in
Figuwe 10 allowing the spring-loaded slide switch o
move out o che double conversion puhiun..

=dill=
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Rersrn the geotmator connection to the mizer grid.
Reset the generator to 1990 ke, and vary the frequency
conitrol betwesn 1987 and 1991 uneil dse peak is ob-
mised on the output meter. Adjust the gencrater oul-
put 0o obtada 1| wat output across the 500-chm ceemi-
gals, The outpat of the sigoal geoeratr should show
l.n-l.dl.na_ul'{l:l to $f microvolos.

Replace the pivor screw makbng cerenin chat ic
docd oot bind the switch arm. Besove and replace che
coil set to determine that the swicch is opermting pro-

petly.
S—4, YOLTAGE TABULATION

All voleage scaswements should be made using a high-impedance vacuum mbe volissies. Readiags wmken
with any other type of instroment will differ somewhat depending upon the inpur resistance of the meter. Volt-
meter cesistance should be ten times larger than the resistance of the circuir across which the voltage is measur-
ed otherwise the voltmeter will indicate a voltage lower than the actunl voltage present. The tube socket volage
eabulatioss contmined in Figure Number § were taken using & vacuus tube voltmeter with an input resistance of 11
megohims. All voltages are measured between specified socker termlaals and chassis, The coatral settings to be
observed are shown on Figure Number B

V-3

AL UNE WVOLTRGE = 185 WOLTS.
HIGH MMPEOANMCE VADUUM TUBE WOLTMETER USED.
COMTROL SWITOH AT AN, CNCEFT WHEN WEASURING W=il

WHEN IT IR AT C.w.
| RALE. SWITCH AT OFF.
LiMITER OFF.
MM 50 AND NoC.W. INSTALLED AMO OPERATIVE.
bl viuTagls wdajumic FRow SOoRET MW To CHASSSE, EBHE
ML R TAGES BO EmELFT AS mOTIO.
ToLDbRaRsE « £ 0%

FRONT

Figure Now B Tubs Socker Velages
=5, MAIN TUNING DIAL

The main mualag disl aboald sormally give no wouble. If, however, the dial should become removed feom 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 caly designed to cotate for ten cevolutlons (0 co 500) and if tarmed farcher than this the mechans

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

{a) Place the dial on the capacitor shaft, tighten set-screws and turn the dial counter-clockwise o fully mesh
capacitor rotor plates a0 that the tips of the rotor plates are flush with tbe edges of de smoc places.

(b} Locsen set-screws and rotate dial slowly wodl the dial ceading has decreased o zero,
[c) Tighten the ser-acrews.

(d) Check position of rotor plates at zero, The dps of the rotor plates must be flush with the edge of the

stator plates. A slight adjustment may be necessary mnd this is done by loosening the ser-screws, adjusting the
position of the dial and tghtening the set-screws again,

If it is pecesanry o remove the dial at any future tme, fwrn o 250 before removing the dial and do oot dis-
gurh the sectog of eicher the dial or capacitor until ceasnscmbled. If in doubt about the correct position, inspect
the springs on the back of the dial. When the dial reads 250 these springs should be straight-up-and-down, they
must aot be tipped co one side, ’

le is issporoune thar the backplate and dial do not become sepamted. The back-plage is beld in place by rwo
speings so thag its gear teeth mesh widh che dial gear wedh in correct relaticnsbip for proper dial operation. If
this backplage should be aprung out of place, it may retarn o an iocorrect position and the proper dial numbers
will not appear in the windows when rhe dial is used. To ascerenin that the two parts ace in correct position peo-
coed as lollows:

(a}) Locate small wisdow near outer peciphecy of dial backplace and also locate dial oumber window on face
of dial which is 180 removed from the amall backplate window.

(b} Hold dial so backplage lies flag in palm of left-hand and with right band rotate dial koob until 2% appears
i previously located dial wiadow,

() Ui dial is properly adjusted it will be noted chat the pointer at dse cuter edge of the amall window lines
up =ith o marked tooch oo the dial icaelf, 1t will be found chac che dial and backplate can be moved so that the
backplare polnter will mesh between teeth at points equidistant from marked tooth in either direction.

(d) If by ﬁ-:i.-kin; as in paragraph (c) the dial is found not p;upé'lrl;.r adjusted, it will be aecessary o sepaz-
aee the backplate from the dial far enough to bring the two gears cut of mesh and then re-mesh the two parts until
the proper setting is found. A number of ial sectiogs may be requiced before the comecy mesh s found.

S=fi, SLIDE-RULE TUNING DIAL

The slide-gule tuaing dial assembly has been adjusved at che factary fof accanste syachroalzation with the
micrometer dial. If not campered with this mechanism will provide complete freedom of mechanical rouble over f
loag period of continuous use, It is driven by an anti-backlash moiog geas panged with the main nening dial.
The alide-rule dial polnter is controlled by a striog-drive assembly.

If I'EE'II:E-I:It of the :l-lr.i.ur:hi'r:- coed is rﬂqlk«:d. it will be mecessary to remove the receiver chassis from its
, cabiner wrapasound, Before temoving the micrometer dial refecence should be made to Paragraph 5 of this sec-
tion for proper method of removal, Figore Mumber 9 illuseates the proper method of replacing the cond. Afrer che
cord has been replaced and before the receiver i retumed &0 its cabinet the micromecer dial should wemporarily
be eeplaced (See Paragraph 5=5) and the slide-rule podoter cortectly see ln the following manner:

RNOTE

This procedure may also be used if a check is desired to
aasure that the alide-rule dial pointer is propetly ayo-
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chrogized wich that of the maia maning dial.

(8} Check the main runlag dial at zero on its dial scale. The tips of tie rotor plates should be flash with
the edge of the statoe plates,

(b} 5et the Band Selector control so diat the D codl set scale appeacs.

() 5et the main tuaing dial at §50 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 w dis-
turb the setting of the micrometer dinl. After the correct setring bas been obmined vse & samall smount of glyprol
or housebold cement o fasten the dial podner secwely in place on the cord,

PASS CORD THRU
'D' POINTER SLIDER LOOP CORD AROUMND .D
AS SHOWN PULLEY
S~
O J O

LOOP CORD AROUMND
PULLEY :
. FASTEMN CLIF HERE

@

FASTEN SPRING HERE

®

HOTE: CO80 SHOWN EXPOSED FOR CLARITY
CORD LENGTHN I3 778" INCLUDING
SPRING AND CLIP

Figure No. 9 Instructicns for Disl Coed Replacesen:
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PARTS LIST

SYMBOL FUNCTION DESCRIPTION DRAWING NO.
CAPACITORS
-1 T=1 bandspread padder used o A, Mica, variable, 3,335 mmf. Da3z-2
C=2 T=1 general covernge trimmer used Variable, air dielecoric
oa B, C, F, H, ], AA, AB, AC, AD
coll st
- | T=1 bandspread wrimmer used oa A, Variable, air diclectric
B, C, [ eoll sees
C=d Antenma rimmer Vaziable, air dielectric Jos7=-32
C=4% Main maning Four section ganged SB:2764
C=%4 V=] tuning Air dieleceris, 215 mmf. max
C=58 V=2 tuning Ajr dielecmic, 225 mmf. max.
C=3C V=3 msning Air dieleceric, 225 nmf, max.
C=45D V=4 tuning Air dieleceric, 225 mmi, max.
C=f V=1 grid Filcer Ceramie, 01 mfd, 400 vdew Kods=2
C-7 V=1 screen bypass Paper, .05 mfd, 400 wdew LI17=-19
C-8 V=1 grid filter Mica, .01 mfd. 300 vdew J 66636
C-4 V=1 cathode bypass Paper, 0% mfd. 400 vdew L217-29
C=10 V=1 screen bypiss Ceramic, 005 mfd. 430 vdow E946—1
C=11 |V=1 plate filter Paper, .} mid. 400 vdew L217-35
C=12 ¥=2 screco bypass Paper, 05 mid. 400 vdew L21T=1%
C=13 V=2 grid repsrn bypass Ceramic, 005 mid, 450 vdew Efdb=1
€-14 |T=2 bandspread padder used on A, Mica, variable, 3.5=3% mmf. DB3Z=2
B, C, D coil sets
C=135 T=2 general coverage wimmer used Variable, air dieleceric
on all coil sets
C=14 T=2 bandspread cimmer 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 Kodb=1
C=19 | V=2 plate filter Paper, .1 mid, 400 vdcw L217-35
C=20 T=3 bandspread padder used on A; Mica, variable, 3.5-=35 mmi. Da32=2
B, C, D codl sets
C=21 T-3general coverage trimmer used on Variable, air dieleceric
all coll sets
C-22 T-3 bandspread wrimmer used on A, Variable, alr dieleceric
B, C, D cail sets
C=23 Vai cathode bypass Ceramic, 01 mid 430 vdew Kods=2
C=24 W—3 screen bypass Ceramic, 01 mid. 450 wdow K9 di-1
C-2% T—4 bandspread padder used on A, WVariable, alr dielectric
B, C, I} coll sets
C=26 |T=4 general coverage trimmer used Variable, nir dielecwic
o all coil sets
C-27 T=d bandspread rimmer used on A, Variable, air dielectric
B, C, D coll sets
C T=4 ral coverage padder:
o A ﬁﬂf:l ¥ Mica, 660 mmf, 300 vdcw Ro35-1
B coil set Mica, 910 mmf. 500 vdew RO35=1
C coil set Mica, 1600 mmf $00 vdew J6b6=121
D cail set Mica, 900 mmi. 500 vdow Jhbt=62
E coll set Mics, 470 mmf. 500 vdcw H500=18
F coll set Mica, 330 mmf, 300 vdew H400 =22
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PARTS LIST (CONT'D)

SYMBOL FUNCTION DESCRIPTION DRAVING M.
CAPACITORS (CONT'DY
G eall set Ceenmic, 100 mmf, %00 vdew D 25C=304
J coil ses Ceramic, 50 mmf, 500 vdew DE23D=417
AA codl set Ceramic, 10 mmf, 500 vdow DE2sD=402
AB coil set Ceramic, 100 mmf, 500 vdew DazsC=303
AD eadl sex Ceramie, 10 mmf, 500 vdew D 25 D} 2
C=1 Dacillator frimmet VWariable, air diclecwic JoaT=33
C=30 V=4 grid coupling Ceramic, 100 mmf, 500 vdew DE2SC=304
C=31 V=2 plate fileer Ceramle, 003 mi. 450 vdew Kodi=1
=32 V=3 plate filoer Ceramic, 01 mf. 450 vdew Kod4h=2
C=33 T=5 primary erimmer Mica, 270 mmi. 500 vdew H500 =6
C=34 Bridge balanciag Cemsmic, 37 mmf. 300 vdew DEzSD-43%
C=3% Bridge balanciag Cetamie, 75 mmf, 500 vdew De2sC-301
C=3b Phase balance adjusement Mica, varlable, 3,3-35 mmf, DE32=1
C=37 Phasing coatal Varinble, air dieleceric SA:0190
C=38 Selectivity compensator Mica, variable, 3.5-35 mmi. De32-21
C=39 T=% output adjus tment Mica, 100 =mf. $00 vdcw H500=4
C—40 Selectivity adjusting Ceramic, 10 mmf, 500 vdew Da2sD=426
C=41 Selectivity adjusting Ceramic, 25 mmf, 500 vdew Da25D=411
C—i2 Selectivity adjusting Ceeamic, 2% mmf. 500 wdew De2sh—4l1
C=43 V=5 AV, filter Ceramie, 001 mfd. 300 vdew K375=4
C—dd T-9 raning Mica, 510 mef, 500 vdcw HY00=5
=45 L=2 tuning Mica, 510 maf, 500 vdew H300=5
C—d6 L=3 tuning Mica, 510 mmf. 500 vdew H500=5
C=47 L—4 tuming Mica, $10 mmf. 500 vdew H500-5
C=4R L=5% tuning Mica, 510 mmf. %00 vdcw H300=5
C=4% W=7 AN.C, filver Cemamle, 001 mid. 300 vdew K375=d4
Ca$0 V-7 cathode bypass Cemmic, 01 mfd. 430 vdew E946=2
C-51 V=7 screen bypass Ceramic, .01 mfd. 430 vdew Ep46=2
=52 Va7 plage filter Ceramic, 01 méd, 450 vdew Ko45-1
C=53 | V=6 cathode bypass Paper, .1 mid. 400 vdew L217=35
C=%4 V=0 coupling Ceamle, 0001 mfd. 500 vdew DE2sh=421
C=5% V=104 grid Ceramic, 01 mfd, 450 wdew K9db6=2
C=%6 | V=6 screen Ceramic, .01 mid. 450 vdew K946-1
C-57 | V=9 plaze Ceramic, 270 mmf. 500 vdcw Jé33-2
C=58 V=4 1o V=3 coupling Mica, /01 mid. 500 vdcw JG66="56
C=58 V=4 plate filter Papet, .1 mfd. 400 vdew LI17=33
€60 | V=3 plate filter Ceramic, .01 mid. 450 vdew K946-2
C=f1 L-18 runing Mica, 310 mmf. 500 wdow H500=5
L6 L=19 tunlag Mica, 510 mmi. 500 vdow HS00 =5
C=£3 AC, line bypass Mica, 0022 mfd. 1000 wdew J67-66
C=64 | A.C. line bypass Mica, (0022 did. 1000 vdew J667-66
C=65 Power supply filter Electrolytic, 40 + 40 mfd. 475 vdew E9i5=3
C63A | Power supply input filter Pact of C=65
C=65B | Power sapply output filuer Part of C=53
o il V=5 i ¥=12 coupling Cernmic, 01 mid, 430 vdew Kods=2
C=47 V=12 threshold filter Paper, .1 mfd, 400 vdew L217-33
C—58 V=12 plaze filter Papet, .1 mid. $00 vdew L217=35
C=69 ¥-12 to X=3 coupling Ceramic, .01 mfd. 4§30 vdew K946=2
C=70 V=13 tone compenaainn Electrolytic, 25 mid. 30 vdcw E358=4
C=71 V=13 cathode bypass Papet, 5 mid. 200 wdew LI17=47
C=72 V=13 screen bypass Paper, .1 mid 400 vdew L217=-3%
C=73 V=13 plate filter Paper, .1 mid, 400 vdew L217=35
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PARTS LIST (CONT'D)

SYMBOL FUMCTION DESCRIPTION DRATING HO.
CAPACITORS (CONT'D)
C=74 Tooe Paper, 01 mfd. 600 wdcw LZ17-16
C=75 V=108 © V=13 coupling Paper, 01 mfd. 500 wdow L217-16
C=76 V=108 grid Ceramic, 0001 mfd 500 wdew DE25S0-421
c-77 V=10B te V=14 coupling Paper, 01 mid, 600 vdow L217=16
C=78 V=108 m V=15 coupling Paper, 01 mfd 600 vdcw LZ17-15
C=79 V=14 aad V=15 eathode bypass Electrolytic, 25 mid. 50 wdew E3i8-4
C=B0 T=12 tone compensating Mica, 0024 mfd. 1,000 wdew JEOT =68
C-B1 Temperatare drift compensato Ceeamie, $ mmf, 100 vdew Da25D—-401
(c—82 T-1 fized bandspeead padder: Ceramic
A coil set 10 mmf. 500 wdew DazsD-=402
B coil set 4 mmf. %00 vdew DE2sD—401
C coil set 10 mef,. 500 wdew DEFSD=402
D goll sec 1% maaf, 300 wlcw DAZSD=411
C=83 T=1 fized bandspread padder: Ceramic
A coil se 10 mmi. 500 vdew DE2sh=402
B coil set % mmf, 500 vdcw DEzsD=-401
C coll e 10 mml. 500 wdcw D825 D=-402
D coil set 25 mmf. 500 vdew DE2sD=411
a4 T=3 fized bandspread padder: Cermmic
A coil set 10 mmf, S00 vdow D25 D—402
B coil set 5 mmf, 500 vdcw Da2i0=4D1
C coil set 11 mmf. 500 vdew - DE2SD—402
D cail set 25 mmf, 300 vdow D25 D=411
C-8% T=4 ba padder used on A coil set Ceramic, 10 mmf, 300 vdew DE2s D=454
B coil set Ceramic, % mmf. 500 vdew D2 SD=440
C—pis T—4 Hzed divider esed oo D coll set Ceramic, 21 mmf. 500 vdew DE2I0=4 10
=87 T=4 fized general covernge mimmen
A coil set Cemmic, 50 mmf, 500 vdcw DEZSD-453
B codl set Ceramic, § mmf. 500 vdew DE25 D=4 40
AA coll set Ceeamic, 10 mmf, 500 vdew [E25D=402
AB coil set Ceramle, 35 mef, 100 vdew DEZS =413
AC eoll sert Cemmic, 68 mmf. 500 vdcw DB2SC=343
AD coil ser Mica, 5 mmi. 500 vdew HY0H=27
C—88 T=1 fized general coverage padder:
A coll set Mica, 1200 mmf, 500 vdew J6it=15
AB coll set Ceramic, 120 mmf, 500 vdcw DEaz3C=305
C=gf T=4 fixed temperanse compensator Ceramic, 10 mmif, 500 wdow DE2SD—437
used on A coil set
C=50 T=2 primary trimmer used oa H coil Ceramic, 21 maf, 300 vdew De230—4 10
wet
C=1 T-1 general coverage wimmer: Ceramde
AA eodl set 4 menf, 500 vdew DeZSD-401
AB coil set 21 ==f. 300 vdcw DaisD=410
AC coil set 50 ek, 300 vdew Da2sn-417
C=fZ T=2 coupling used on AB coll set Mica, 470 =i, 900 vdew JEE5 =56
C-53 T=2 general coverage padder used on Cemmmic, 100 mml. 00 vdew DEz3C~304
AB coil =et
C=04 T=3 coupling used on AP coil set Mica, 470 mmf. 500 wdew JEBs=56
C=0% T=3 general coverage trimmer: Ceramle
AB coil sex 10 med, 500 vdow Dg2s0=402
AL coil ser 68 mmf, 500 wew DE23C-343
=015 V=2 cathode bypass Ceramic, 005 mid. 430 vdow K946-1
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PARTS LIST (CONT'D)

[symBoL FUNCTION DESCRIPTION DRAWING NO.
CAPACITORS (CONT'D)
L=07 T=1 general coverage padder used oo AA, AB, |Variable, air dieleciric
AC, AD coil sets
C-of T-2 general coverage padder used on AA, AB, |Variable, akr dieleciric
AD eoil sets
C-09 T-3 general coverage padder used on AA, AB, |Variable, air dieleciic
AC, AD coll ses
C=100 T=4 geoeral coverage padder used oa E, F, G, |Variable, air dieleceic
H; ], AA, AB, AC, AD coll sets
C-101 T-3 G.C. padder eaed on AB coil set Cernmic, 100 msi, 500 vdew DEZIC-304
C-102 T-2 ,pl'utﬂl CovErage rimmer: Cernmic
AB coil set 10 menf. 500 vdcw DaZsD-402
AL coil ser 68 menf, 500 vdow DE23C<343
Ve coupling X-1 Ceramic, 10 maf, 500 vdew De2i0-417
T-2 tuning Mica, 510 mmf, 500 vdcw HS00=%
Vo5 grid Ceramic, 0001 mid, 00 vdew DEISC-304
L-8 naning Mica, 510 mmf. 500 rdew H500-5
L=9 runing Mica, 510 mmf, 500 vdcw H500-%
V=B A.¥.C, filcer Ceramic, .00] mfd. 300 vdew Ki75-4
V-8 cathode bypass Ceramic, 01 mid. 450 vdew E946-2
F.F. filter Paper, .25 mid. 200 vdcw L217=-48
V-8 screen Ceramic, (01 mid, §50 vdow E246-1
V-8 plate filter IC.n.ir, 01 mid. 450 vdew K946-2
L-10 musing Mica; 510 mmf. 500 vdew H500=5
L=11 tuning Mica, 510 mmf. $00 vdew H500-5
V=5 screen bypass Ceramic, .01 mid. 450 vdew K943
L-1i muning Mica, 270 menf, 500 vdew H30-6
V=11 grid Mica, 270 mmf, 500 vdcw J663-47
V=17 plate filter Paper, .1 mfd, 600 vdcw Li17-34
H.F. cscillator padder Ceramic, 10 sl 500 vdew DE25D-402
L= maning Mica, 510 mmf. 500 vdcw HY00=-5
L-7 smaning Mica, 510 mmf, 500 vdew H500=4
C.%.0. control Variable, air diclecwic JosT-32
V-1l screen bypass Ceeasele, (01 mlid. 450 vdew Kfdf-2
V-6 plate fileer Ceramic, .01 mfd, 450 vdew K62
V=8 o ¥=11 coupling Ceramic, } mmf, 500 vdew Jaes-4
Y-l to ¥ coupling Ceramic, § sml. 500 vdew DE2S D449
T-1, T-2 grid rengn on AD ceil ae Mica, 1000 sef. 300 vdcw 66371
D.C. bypass Ceramic, 01 mfd, 430 vdew KO46-2
External B+ switch bypass Ceramic, 05 mid. 430 vdew K94i-1
Exteraal B+ switch bypass Ceramic, ,005 mfd. 450 vdew Kodf-1
External B+ switch bypass Ceramic, ,00% mfd, 450 vdew K946-1
Speaker owtpar filter Ceramic, 005 mid, 450 vdcw Ko4di5-1
Oae {ll bypass Cermmic, 005 mid, 450 vdcw Koi5-1
T-4 bandspread padder, C coil set Ceramic, 10 mmf, 500 vdew DE23D-419
V-4 place Ceramic, 5 mad. 300 vdew Dig2s D=401
RESISTORS
R-1 Vel grid Filver Fized, 470,000 shms, 172 ¥ J560-57
Ra2 Vel cathode Fized, 100 chms, 1/2 ¥ J56%-13
R-3 V=1 sereen Fixed, 47,000 obms, 1/2 ¥ J569-45
R-d Vel grid Fixed, 470,000 chms, 1/2 W 156957
Re5 Vel cathode Fixed, 560 ohms, 1/2 W J568-22
B B.F, gain conteal Varlable, W. %W, 5,000 ches, 3 ¥ K 3404
R-7 V-3 injector grid Fixed, 22,000 ohms, 1/2 ¥ 1569-41
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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=4 grid Fized, 22,000 chms, L2 ¥ 1565=41
R=11 Vaoltage divider Fized, 100,000 chms, 1 W J571—49
R=12 V=f prid Fixed, 470,000 ches, 1/2 W 1569=57
R=1% V=2 screen dropping Fized, 10,000 chms, L2 W 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 Jsta=211
R=1§ V4 cathade Fized, 1/2 W. individually chosen
o meet the requirements of each
receiver
R=17 Vuli screen Fized, 47,000 ohms, 1/2 W JibR=4%
R=18 W=7 grid fileer Fixed, 470,000 ohms, 172 W J56=57
R-19 V=7 cathode Fixed, 330 ohms, 1/2 ¥ J568=19
R—20 Vi plate filter Fized, 2,200 chms, 1/2 ¥ J560 =20
R=21 % meter reeo adjsarment Variable, 1,000 ohms, 1 W Dajl-2
R-22 V=0 place load Fized, 1.5 meg. 1/2 W Jan=53
R=23 ANC, Filker Fized, 1.% meg. 1/2 ¥ J568 =53
R=24 V-7 plate fileer Fixed, 2,000 ohma, /1 ¥ J569-20
R=2% V—4 plate filter Fized, 1,200 obhms, 1/2 W Jiea=29
R=2h Y=l dropping Fized, 5,000 chma, 10 W Egs9-10
R=27 V=5 screen Fixed, 100,000 chms, 1/2 ¥ J5E0=49
A-28 V=3 plate filees Fixed, 10,000 ohms, L/'2 W J 56237
R=19 V=5 filament droppiag Fixed ¥.W, 4.5 ohms, 1 W KOog=48
R-30 V-5 grid Fixed, 22,000 ohms, 1/2 ¥ ] 569=41
R=31 V=% isclating Fized, 100 ohes, 1/2 W JaGe=1%
B33 Vel grid Fixed, 22,000 chms, 1/2 W J560=41
R-33 V=i plate load Fized, 470,000 obms, 1/2 ¥ J565=87
K=34 V=12 plate Fized, 220,000 obhms, 172 ¥ J569-5%
R=3% V=12 cathode Fixed, 220,000 ches, 1/12 ¥ J5Ea =53
R=34 Limivee chreshold contmnl Vaelable, 400 000 ch=s J6E1=2
R-37 Limiter theeshold fileet Fixed, 220,000 chms, 1/2 W 569=53
R=38 V=12 plate filter Fized, 820,000 chms, 1/2 ¥ J5E5 =50
=30 V=12 place load Fized, 470,000 chms, 1/2 ¥ Jh6R=5T
R=di A.F. gain conteal Variable, 500,000 ohms K3d7=T
B=dl Limiter cutput divides Fized, 720,000 chms, 172 ¥ J569-33
R—42 V=13 eathade Fized, 2,200 okms, 1/2 ¥ J509=29
R—43 V=13 cathode divider Eized, 150 ohms, 1/2 W ]569=1%
R—44 De generation fredback Fized, GB0O chms, 1/2 ¥ J569=35
R—i% V=13 sceeen filier Fized, 470,000 chms, 1/2 ¥ J568=57
R=4f V=13 plate load Fized, 100,000 chms, 1/2 W J 568 =48
R—47 ¥—13 plate filver Fixed, 47,000 ohms, 1L/2 W J569=4%
R—48 Tone coatial Variable, 500,000 ohma Kid7T-7
R =49 V=108 grid Fixed, 220,000 chms, 1/2 W 1569-53
R=%0 V=108 cathode Fixed, 4,700 chms, 1/2 ¥ J569=33
R=51 ¥=10B8 cathode load Fixed, 47,000 ohms, 1/2 ¥ J569=43
R=52 V=108 plate load Fixed, 47,000 chms, 1/2 ¥ J369=45
R=%3" V=13 gid Fized, 220,000 ohms, 1/2 W J562=53
R=54 V=14 grid Fixzed, 220,000 ohms, 1/2 ¥ ]565=53
| =54 V=14 and V=19 cathode hins Fized, 180 ohms, 2 ¥ J5T2=16
R=56 Output bond Fized, 470 ohms, I W J572=11

=32
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PARTS LIST (CONT'D)
STHB-U'Ll FUMCTION I DESCRIPTION DRAVING NO.

RESISTORS (CONT'D)
R-57 T-1 antenna load used on A coil ser Fixed, 21 ohms, 1/2 W 5695
58 VT sereen dropping Fized, 47,000 ohms, 1/2 W J565=45
R-59 V=B A.V.C. fileer Fized, 470,000 ohms, 1/2 W J565-57
R0 V-8 cathode Fixed, 150 chms, 1/2 ¥ J565-15
R-£1 V-8 screen dropplog Fized, 47,000 ohms, 1/2 W J569-45
B2 V-B plate filter Fized, 2,200 chms, 1/2 ¥ ]565+29
R-53 Wall sereen bleeder Fized, 100,000 chms, 1/2 ¥ JE69-40
B4 V-10A plate load Fized, 39,000 chms, 1/2 W J565-44
R-G5 Vall screen fileer Fixzed, 100,000 ohms, 1/ W JHG0=-49
=505 Va10A cathode Fized, 1000 chms, 1/2 W J565-15
B-57 V=12 plate load Fized, 220,000 ohms, 1/2 W JH69-53
R-58 Va2 earthode Fized, 33 ohms, 1/2 W J569-T
R-59 V=11 plate Fixed, 220,000 ohms, 1/2 W J5659-53
B-T0 Dimmer control Yariable, W.¥. 25 chms Ko915-1%
R-T1 Ved plate equalizing Fized, 11 chms, 1/2 W J565-5
R-T2 ¥-12 filament dropping Fized, W.¥, 4.3 chms, | ¥ KOD8-48

MISCELLANEOUS

E-1 Antenna input terminal Screw cype, theee terminals EI6I-3
E-2 B+ switch terminal Serew type, theee terminals E261-7
E-3 Awndio cutput terminal Screw type, three terminals E250-2
F-1 Fuse 3AG 2 amps ar 125 w F135-19
1 Dial lamp Now 47 Fl36-6
12 Dial lamp No. 47 F136-6
I-3 5 meter lamp Now 47 Fl3&-5
J-1 Phooo jack Simgle circuit Jo93-1
]-2 Phono jack Multh=c peult Filg-1
L-1 Filter choke 17 henries 56091
L-2 T-b tuning Variable iron core inductor SA:I00S
L-3 T-6 tuning Variable ison-core inductor SA:3366
L-4 T-6 fuming Variable iron-core inductor SA: 3905
L% T-6 runing Variable iron-core inductor SA:3306
L-& T-7 tuming Variable iroa-core inductos SA: 3005
L-7 T-T rumning Varinble iron-core inductor QAL LS
L-E T-7 wuning Variable iron-core inducior 513905
L-9 T-7 tuning Variable iron-core inductor SAA3GH
L-10 T=B rening Variable ron-core inductor SA:3903
L-11 T-B naning Variable ron-core inducooe SA:3366
L-12 T-5 imput tuning Variable iron-core induceos SA: 9202
L-13 T=% curpat runing Variable lson-core inductor SA 9201
L-14 T-6 coupling R.F. choke, 1.1 microhenries SA:6072
L-1% T-7 coupling R.F. choke, 1.1 microbearies SA:6072
L-16 T=11 runing Yariable iroo-core indwctor SA:M19
L-17 T=5 maing 19%% kc. SA:0304
L-18 T-10 cuning 2010 ke, SA:0206
L=1% T-10 taning Part of L-1E
L-20 Speaker outpiat chole 1 microbeney SA¥02
L-21 Exzermal B+ filver 1 microbenry SA:3592
L-22 Extermal B+ (ilver 1 microleney SAz3002
L-23 External B+ filter L microbenry SA:3002
M-1 5 meter 01 ma. ¥/5 scale 1984-5
P-1 Select-o-ject plug Deral SA:6569
P-2 ATy jusper plug Ocml SA:3TAL
51 T-1 B.5.—G.C. swirch Twise typé, two position SA6T49
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PARTS LIST (CONT'DY

SYMBOL FUNCTION DESCRIPTION DRATING MO,
MISCELL ANEOUS (CONT DY
5=2 T=2 B.5% = G.C. awitch Twist type, two position SA:6740
5=3 _ | T=3 B5 = GG swinch Twist type, two position SA:6T4D
S T=4 B.5, = G.C, switch Twist type, two position SAETAS
55 Selectivity switch Six position, double pale E195=1
Sl AN.C, On-0ff switch SPST, bat handle, woggle E2%)=2
§=7 Conwmol switch Deouble-wafer, foar-position 2002-1
5-B Crystal calibrate switch Centes position open PT38=1
5=0 AC. switch Part of R=40
S 1D T-13 primary selector switch DPDT wggle H3d0—4
S5=11 Be switch SPST oggle E2M}=2
=12 Limiter switch Part of B=36
S5=1% Toae switch Past of R—48
5=-14 Znd. conversion switch Sliding cype RO2T=1
T=1 Firag H.F. Iﬂ-l:'llﬂ-ﬂ crnns former 1
A band 14.0 = 30 me. SAGHS4
B band 7.0 = 14.4 me, SAETSS
C hand 3.5 = 7.3 =, SA:ETID
D band 1.7 = 4.0 me. SAGGIS
E band 000 =20%0 ke. SA:6513
F band 480 = 960 ke, SA:G660
G band 180 = 430 ke, SAGGES
H band 100 = 200 ke. SA:5803
] band 50 = 100 ke SA:GROB
AA band 37 = 30 me. SA:GEL4
Al band 15 = 35 me. SA:GGETY
AC band 21 =71.5 mc. SA:B073
AD band W= 54 me SA:9261
T=2 Second R.F, amplifier ansformer
A basnd 14 = 30 me. SAETS]
B band T = Ld.d me. SA9258
C band 3.5 = 7.3 me. SA:504 1
D band 1.7 = 4 me. SA:563T
E band 900 = 2050 ke, SA:6%40
F band 480 = 960 ke. SA:6662
G band 180 = 430 kc. SAIGHGT
H band 100 = 200 ke, BA:GHGD
] band 50 — 100 ke. SA:GROD
AA band T = 3 mc. SA: D247
AR band 5= 3w SA:5818
AC band 21 = 21,5 me. SA:BO0T4
AD band 53 = i me. SADMET
T=3 Mizer transforser
A band 14 = 30 me, SA:6752
B basad 7 = 14.4 me, SA:9259
C band 35 = 7.3 me. SA:6642
O band LY = i me SA:6638
E hand 000 = 2090 ke. SA:6TED
F band 480 = 960 ke. SABTOY
G bamd 160 = 430 ke, SA:GEDD
H band 100 = X0 ke SAGRO4
] band 0 o= 100 ke SA:GB10
AA band 17 = W ome. SA:9248
=3d=
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PARTS LIST (CONT'D)

SYMBOL FURCTION DESCRIPTION I AWING WO,
MISCELLANEOUS (CONT'DY)
=3 Coat"d
AB band 2% = 35 me. SABETE
AC band 21 = 215 me. SA:EOTY
AD band 50 o= 54 me. SA:0 266
T—=4 H.F. oacillame transformer
A band 14 = 30 mc. SA:02%
B band 7 = 14,4 me. SA:0050
C band 5= TIme SA:5T6D
D bamid 1.7 = 4§ mc., SA:STTH
E band o0 = 1050 ke. SA:6631
F band 400 = 960 ke. SAGTOS
G band 180 = 430 kc. SA:6TES
H band 100 = 200 kc. SA:GEDS
] band 0 = 100 ke. SA:GR11
AA band A SA:9249
AB band 5= 3 mx GA:92GS
AC band 21 = 115 = SA:9268
AD basd o= ﬁ‘ mo, 5"‘49:—"51
T=4 Cryaml fileer S54:919%
T=6 Znd. LF, ransfotmer 455 kee. SA:R448
T=T ird, L.F. tansformer 455 ke. SAzB448
T-8 Detector input trans former 455 kc. SA:3363
T=0 Oscillacee transformee 1555 kc. SA: 03
T=10 I.F. mansiorser 1990 ke SA: 0008
T=11 C.%.0, mansformer 459 ke, SAD193
T=112 Audio output mansformer Pri. 10,000 chms Sec. 8/600 ohms PLET=1
10 warts
T=13 Power ansformer Primary: term., 4 and 5, 113 voles 5415-1
perem. f mnd 7, 230 woles
Secopdary: term. 2, | and 3, 6.3-0-7
wolts
Secondary: term. 11 and 12, 5 volis
Secondary: term, 8, 10 and §, 275-0-
75 V.
Secondary: term. 1 electrostatic nielﬁ
V=1 Flese B.F,. amplifiez HBAG
V=2 Second B, F, amplifies GBAL
V=3 Mizer GRES
W H.F. oacillator GC4
L1 Second canverter GBEGA
V=b Firar LF, nmpliflice BSGT
Va7 Second L.F. amplifier 65G7
V=8 Third LF. amplifier 6567
Y=l SGecond detector and A.Y.C. Gt
V=10 Phase inverter = 5 meter amplifier GSHTGT
V=11 C. W, oacillatos 6517
V=12 Moise limdter GHE
V=13 Audio amplifier 65]7
V=14 Audlo output GVEGT
V=13 Audio cutput 6VEGT
V=16 Veltage regulator OBz
V=17 Reculfier SW4G
. _ 28
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PARTS LIST (CONT'D)

SYMBOL FURCTION DESCRIPTION FJ&.F.'M N0,
MISCELLANEOUS (CONT'D)
V=18 Carveit e gal tos dHAC
N-1 M.B.F.M. socket Oicital J625=2
K=z Crystal calibrarer socket Oeeal Je25=2
X=3 Select-o-ject socket O tal J625=2
X—i Battery socker Deal J625=2
Y=l Crystal resomatos 455 ke. ES7T9=1
MECHAMICAL PARTS MECHANICAL PARTS [(CONT'IN
DESCRIPTION AT. Co, Tvpe| |DESCRIPTION Y . TR R
Timmer Shield foe BSW terminal K445=-1
SA:To2l
e Smal Bakelice slide for guiding coil ses (2)) D393-3
Fiase extractos Poag 110=1
1 dimmer SA: 021
ﬁ:: E ﬁ:ﬂ.i.; SA:6868 Cail set pull levers (2) b
Knob for C.¥.0, adjuscing SA:6868 Drum dial assembly o
Kook fior selectivity swinch SA:GBED Drua {"“l:‘-"" s inclnded ) : ﬁj':?ﬂ
Knob for limiter switch SA:6670 e Ly Sy
Knob for A.F, gain SA:6ETL Speing (2) e
Knob foe R.F. gain SA686T ceipa iy g
Koob for control switch SA:6587 Speing was Aoe s
Koob for mais nsning SA:6386 Dein mraing shaft e
Spring washer for grounding main | LOB7-1 O ring Lo36-1
cuning knob Saap E EA ﬁ;ﬁ
Dial !
capa — SB:2764
:I::E}ﬂ . * e Speing for dial coed ];iﬂ-:
Brush boasds (4) SA:6575 S PaTL=1
Shaft for control switch Dééd=2 v e iy
Coupling for contrel switch SA: 12 P o P217-1
Coupling for C.W.0, control shaft | 5A:22 o il Modg=1
Bracket for mounting W0, RozE-1 Paintet I721-4
" .| Dial light socket (2)
;h-.::::::nllm for phasing coatrol | CHR6—4 Dial scale for Band A ::ﬁ-:é
Coupling fior phasing control shast | DEo4=2 gih‘: :::l': = g BriE.s
Bﬁtfumﬁq:muim Roxo-1 Dial scale for Band D P 1364
e bandspread | P136-17
Lever for actuating conversion R0 30=1 i‘;;“h il
;l'ﬂ“:: i i — Dial scale for Band B (bandspeead | P136-18
only}
Socket assembly for 5 meter lamp | K3T7=4 € (bandspeead P135=T
Socket for miniature cubes (6) SA: 4016 E"]'“’* ootk
Filxe washers for mounting H2E%=10 l}i-i acale foe Band D (basdspread P136-8
mininture tube sockers (120 sally)
Shield base for miniature tubes (5) | SA:3847 gi.‘: ::::: E ME“" ol P136=10
Oceal rube sockets (16) J628-2 ' P136=11
lamp for rype OB2 mbe | SB:1292 DAL peate Soe :‘“‘: ;
et ESdd-2 ey S e i 20
iy AB
|_Lock for A.C. line cord RO25-2 I e
~%-
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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)] P24d-1

Chaseis mounting angle bracke: P24d=-1

(right)

Madoanl Co. insignia J791=4

Bracket for 5 meter J970=2

Rubber mounting foor (4) Kagg=2

Cabinet back SA:9376

Cabinet cover J7T0l=8

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

Froat paael SA:9R1

Side plate (left) P3j2=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 SA:T465

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 MOUNHTING RACK
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IHSTRUCTIONS
FOR THE
HATIOMAL XCU-50-2
CRYSTAL CALIBRATOR URIT

GENERAL

The type XCU=50=2 Crystal Calibrator Unit is designed expresaly for use within HRO receivers. Io ueilizes
an elecwon-coupled cacillator circule controlled by a dual crysml (Valpey type DFS). This type of crystal provides
we i.‘l‘jrl:ut-n:tltmﬂ:d mearker ﬁrquzurizl of Lk} kilocycles and | megacycle. When pluwd into the Crysal Cali-
bemtoe Socker, X2, 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
Socker, X=2, on top of the chassis. A slomed-head screw mounted through the top of the unic is provided to baly
the umit eo che chasals,

A trimmer capacitor, C<], is connected ncross the crystal to permit adjusiment of the frequency of the 100
kilaeyele outpur macker when the wale is operated ae locations where the temperatare is vasdy removed from chae
of noemal room temperature, This capacitor should never require adjustment unless such abnormal temperanares
are experienced. To make the adjuscment proceed as follows:

{1} Plug in a coil set suitable for the reception of "0V oa one of the various frequencies utilized by this
smadard frequency smaion,

(2} Adjust the receiver for normal AM. cperation as explained in Section 3=3.

(%) Set che Eml:l.:l:-p-n-:l mounied Calibrare swioch atr che 100 kilocycle pnsiu'nu.

(4) Tume in the signal from T%Y at & time when the sigaal is enmodulaned,

(5 Adjust che wimmer capaciter, C=1, located atr the top of the calibrator anit a0 thar the 100 kilocycle
marker signal harmonic is zero beat with the signal received from TWYV,

OPERATION

The XCU=%3=2 Crysml Calibvator provides a means of checking the accumcy of the frequeacy calibration of
the receiver, The froas-panel mounted Calibeare swicch marked 100=00=100 connects B-plus tw the Calilrates
for instantaneous service. At the same time this switch seleces elther the 100 o 1000 kilocycle marker signal.

To check caliteation accuracy tame in the desired marker signal with the Control swiceh ser ar C.W, and zero beat
the receiver with the harmonic marker, If the micrometer dial and the slide-rule dial do oot read accurarely correc-
tion shoald be made by adjusting the front-panel mounted Ose, wimmer conwol, Oaly o slight adjustment of the
(s, trimmer control should be necessary, If calibration is way off the plug-ia coil sex probably requires realign-
ment and reference should be made 1o Section 4.

—d5-
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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-31 Screen Filrer Paper, .1 mfd, 400 vdcw Daz7-12
=4 Onitput Coupling Ceramie, 10 sl 00 vdew HET2-1
=5 Feedback Ceramic, 5 mmi. 500 vdew J60s-4
C=6 Screen Bypass Ceramic, 100 mef, 500 vdcw 8250421
L-1 100 Ke. indugoo 5 mh. type 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-1 Not used
R-3 Screen Dropping Fixed, 22,000 ohms, 1 W 157141
A4 Flate Fized, 470,000 ch=ms, 1 ¥ 15371-37
Vel Dacillator tube GAKSG
Y-1 Cryatal Resonator Qumprz, 100=1000 Ke. 60-1
c-4
IL
41
1 QLLLUF
R-4
4TOK
=l L-lﬂ.
-
B-20LUWF
NOTE =

CAPACITOR VALUES=MICROFARADS
EXCEPT AS HDTED=

RESISTOR WALUES=OHMS
K= 1000

MEG 1,000,000

Figure No. 15. Schemagic DMagram, XCU=30-F Calibrao
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INSTRUCTIONS
FOR THE
HATIOHAL HFM=83=50
HARROW-BAND F.M. ADAPTOR

INSTALLATION

The NFM=83=50 is installed in the HRO=60 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 furnished to hold the adaptor unit securely in position. The
adapres uair is aligned ar Natonal Company laborarceics and realignment is not necessary,

ALIGHMENT

The NFM=83="50 18 rl.u:fuillr lliguzd before ll:ipnrnl! and mo :Hli.g,n_ul i% nq'u.i.u:d anless the l.d.lpltl' 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 cearer of the AM.
carrier. Maxzimom Seseter reading will indicate the center of the carrier.

The equipment required for alignment is a bigh-impedance vacuam tube voltmeter and an A.M. signal genera-
tor. The signal generator used should have an cucpur reascaably free of any frequency modulation. The use of &
broadcast seation as a signal source, in place of a signal generator, would provide a tess signal meeting the above
requirement. In any case, the sigoal strength of the test signal should be of the order to provide an S-meter read-
ing of from 2 &0 5 S-units when the HRO=-60 is corcecely tuned o che cest signal,

The prelimimary aligament procedure is as follows:

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

2, Connect a signal source to the antenna terminals, A and A, at ehe 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 stndard
beoadcast band.

3. Ser the Coantrol switch at N.F.M.

4. 5Ser the Selectivity wwiich at Off.

4, Sei the Limicer conteal ar OF.

6. Plug in the E coil set, 00 to 2,050 ke, If chis coil sec is oot available use the D coil set, 1.7 to 4.0

7. Sec the B plus swicch at On,

8. Set the AV.C<D swicch ar AV.C,

%, Tuara the B.F, Gain control o 10.

10. Adjust the A F. Gain control for the desired volume.

11, Tune the test signal by adjusoment of the Main Tuning knob, The comect waing point is the setting
that produces mazimum S-meter reading.

Alignment is effected as follows:

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

2. Tune the primary wimmee, L =1, for maximum reading on the voltmeter, If two peaks in output are ob-
served, the correct peak will be ahe first one eocountered when rotating che screw adjustment inta the shield can.

3, Tune the secondary trimmer, L=2, for & zero reading on the voltmeter. It will be aoted that there is a

crossover in the polarity of the test voltage ac this point,
4. Adjust the capacitor, C=9, for a noll in the sudio output. This capacitor is accessible after removal

of the burton plug on the side of the adaprer wnir,

5.  Adjustment of capacitor, C=9, may affect the zero volmge reading obtained by adjusmment of the se-
condary trimmer, L=2. Retrim L—2 and C=9, as necessary, until both a zero volmge reading on the volimeter
end a pull in the audio output are obtained,

'S
. Reworked by This manual was downloaded from BAMA's
PAGPGA boatanchor site http://bama.sbc.edu




PARTS LIST

SYMBOL FUNCTION DESCRIPTION MAT. CD. TYPE
' LF. Amp, Coupling Ceramle, 10 Mmf, 500 vdcw DE250=402

Inpus Divlder Cermmic, 38.5 Mmf, 500 vdew DazsD=414
LF. Amp. Cathode Bypass Mica, (.01 M, 300 vdew J666="56
LF. Amp. Sereen Bypiss Mica, 0.001 Mid, 30 vdew J665=T1
T=1 Primary Tuning Mica, 100 Mmf, 500 vdew H300=T
T=1 Secondury Tuning Mica, 180 Mmi, 500 wdew Hs00=3
T=1 Secondary Tuning Mica, 180 Mmi, 300 vdow HS00=3
T=1 Secondary Tuning Ceramic, 38 Mmf, 500 vdew Da280=yq24
T=1 5¢c. Balasce Adjustment Ceramic, Yarlable, 7=15 Mmif. E3ll=4
Dis. Cathode Filter Elect. 1 Mid, 430 vdcw E33g=10
B Sapply Bypass Mica, 0.01 Mid, 300 vdew JE66=36
R.F. Filter Mica, 470 Mesf, 500 vdew J665-56
Andic Coupling Mica, 0.01 Mfd, 300 vdew 1666=56
LF. Amp. Geid Leak Ficed, I Megohm, 1/2 W K379=61
I.F. Amp. Cathode Bias Fized, 1,000 Ohms, 1/2 W K3To=2%
LF. Amp. Screen Dropping Fixed, 47,000 Ohms, 1/2 W K3To—45
B.F. Filter Fixzed, 47,000 Obma, 1/ ¥ K3T=4%
Dipde Load Fized, 15,000 Obms, 1/2 W Ki70=%
Diode Load Fized, 15,000 Obms, 1/2 W K3iTo=3%
D«:l:uq:llq.l Fixed, 4,700 Obms, 1/2 W J569=33
Test Polar Tip Jack, Bakelive K4Zl=]
T=1 Primary Inductor Adjazeable lron-Care SA: 402
T=] Secondary Inductns Adjustable Iron-Core SA:4B01
Adapror Unte Plug 8 Prong Ocual KTB3=1
Dscriminator Transformer Raro Type 455 Ke. SA-4R30
I.LF. Amplifier 6SKT
Discriminatos GHG

el V-2

ESKT 8 IF2 GHE

I.LF. AMPLIFIER
k]

% .
I Rl : : -

-
L -
L -
e | 1 =2 A0 UWF
19

R-7
e AT
-1 atoe L ey
A TING VIEW JOHLF
7
AN T
EEVANEE] W
-~

Figure No. 16, Schematic Diangram, NFM=83=30 Adapror
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INSTRUCTIONS
FOR THE
HATIONAL TYPE £505
YIBRATOR POWER SUPPLY

GENERAL

The Natiomal Type 6305 Table Model Vibsator Power Unit has been desigaed to fumish complete operating
voltages for the 1IRO=00 receiver. The unit operates from a G=volt D.C. supply and provides approzimately 150
vols DG, at 70 milliamperes in aormal operation. Cuiput volmges for boah A and B supply ase avallable ar a
fous proag socket for convenient conmection to the Receiver.

The 505 consists of a vibitor unit utilizing an OZ4A type rectifier tube and & vibrator in & circoit employ-
ing cfficient R.F. filtering of vibrator bash. Further filcering of the low frequency oo audio bum component in the
output iz accomplizshed by uaing dthe gegulae (ileer system in the receiver,

INSTALLATION

The 505 unit is supplied with a battery connecting cable as well as an interconnecting cable to facilizate
confection to the receiver.

Varuery -:”.PI ALE pmvi.;h-d an the !:nn:urr:r J:nqn-:ﬂius cable W=] for convenient coanection to & G=vall sloTage
battery or similar source of power. The interconnecting cable W=2 is verminared nr one end in & four-prong plag
to mare with the socket X=1 of the 6405 The other end utilizes an octal plug to mare with the power socker
X=d mrdhe rear of the HRO=00 receiver. The receiver AuCs jumper plug P=2 used for A.C. operation muast be re=
moved from the power socket. Figure Number 17 shows the Schematic Wicing Diagram,

The 6505 Vibrapack Unit has been complerely teated and adjusted ac the factory to provide efficient and
economical service when used with the HRO-60 receiver. An adjusiment conmal switch bas been furnished for
increasing the Beplus output, This is a screwdriver coatrol available through an entry bole provided at che rear
of the $505,. The coatrol switch has four steps from approximarely 150 volts of filtered D.C, at 70 milliamperes
in the exmeme counterclockwise position (step 1) to approzimarely 210 voles ar 90 milliamperes in the fully clock-
wise position [step 4). It is recommended that the receiver be operated at the lower B voltage in step 1. The
total bastery drain is approximately 1] amperes when furnishing power w the receiver if the NFM-§3-30, XCU=30
=2 and 50]=3 units are used. If the receiver [s used without these accessories the total drain is approximarely
0.5 amperes. The V.R. mabe does not light under these conditions but the receiver will operate normally and
operation from a storage battery becomes peactical. In step 4 the ¥.R. tube will lighe and full receiver output
will be obmined buc the drain on the stcrage battery will be approximanely 15,5 amperes when all accessories
are utilized. Without these accessosies the toml receiver drain from the battery will be approximarely 13,8 am-

e,

The two intermediate contral switch seeps 2 and 3 should not be used as the voluge cbained is approximate-
ly the value required to fire the V.R, tube in the receiver. Under this condition the V.R. tube may fire on nnd off
sporadically resulting in erratic operation of the receiver,

—49-
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PARTS LIST

.':;.':1':"'-
ey
+

Figare Moo 17. Schematic Diagram, 6505 Viboator Power Supply

=50

SYMBOL FURCTION DESCRIFTION NAT. CO, TYPE
=1 Filter Capacitor Elec, 500 mid. 15 vdcw E}8=T
E=1 Vibeapack Unit 6 ¥.D.C. Mallocy Type YP354 QiTl=1
F-1 Fuse 20 Amperes 23 volts type 3 AG F135-18
L=1 fG=volt Line Filter 14 microhenrics, iron core SA:BES
S=1 G=yalt Line Switch Toeggle 5.P.5.T. Eiz-21
Y=l Rectifier Tube Type OZ4A
¥=] G=valr Line Commector Two Contact SA: 1990
w32 lacerconnecting Cable Onee ead terminated in four proag plug;
other in an ceral plug
Y=l Vibeatot 6 V.DLC, Mallory Type 8250 )
K=l Crusput Socket Fouwr Proag Female E3l9=0
LER) Vel
T 1 1"‘.._‘1‘[
i ] Ll i
' i : i
0 1 : I
A A i 1 1 :
; ! pummak
GROUNDQ R HOT T
e R A |
| ® ?)| [
S
g B- Bt  oureuT
.I,'rl-l‘
S —_ SOCKET
g X-1
p'iriln.
] l.i
o
)
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The MRR=2 Mounting Rack is shipped from the factory in knocked-down form with all necessary hardware.

INSTRUCTIONS
FOR THE
HATIOMAL MRR-2
MOUNTING RACK

Assemble the rack according to Figure Na, 18,

STEFP NO.Z
USING THE FOUR
FLAT HEAD 14"=20
SCREWS AND NUTS
FASTEM THE TWO
BTEEL STRIPE FROM
CORMER TO CORMER
OF THE ANGLE IROM
BASE, INSERT SCREWS
THROUGH THE
BOTTOM OF THE
BASE USING THE
QUTSIDE HOLES.
(THE IMMER HOLES
ARE USED FOR
MOUNTING THE
RACKE TO THE BEMCH
IF DESIRED.)

SFER NO Y
FASTEM THE TWOQ NARROW STEEL STRIPS TO
THE ANGLE UPRIGHTS USING THE FOUR
#B=32 FLAT HEAD SCREWS

STERP NO. 3
INSTALL THE
EQUIPMENT IN
THE RACE

USING THE
#E-32 TRUSS
HEAD SCREWS.

FASTEN THE TRIM STRIPSE USING THREE TRUSS HEAD
SCREWS ON E&CH STRIP.

Figure Mo. 18. MRA-2 Rack, Assembly Instructions
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Standard Form Warranty
Adopted by the Radio Manuiacturers Association, Ine.

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

This warranty does not extend to any radio products which have been subjected
to misuse, neglect, accident, incorrect wiring, improper installation, or to use in
violation of instructions furnished by the manufacturer, nor extend to umits wlich
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
ve exchanged by the authorized radiv dealer or wholesaler without charge to the
GWIEr.

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

Mational Company, 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 preducts previously manufactured.

This manual was downloaded from BAMA's
5e boatanchor site http://bama.sbc.edu

,'E : Reworked by



NATIONAL COMPANY. INC.
MALDEN. MASS.
U. 8. A,

55 - B00 . 194
PRIMTED IN U.S5.A.
ER: 45§

n

i

Reworked by
P PAGPGA

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

57



K4XL's

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
WBSJEA
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