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SECTION 1

GENERAL INFORMATION

1.1 INTRODUCTION

This technical manual provides general information, installation
and operating instructions, and a listing of assemblies and chassis-
mounted components of a maintenance significance for the Main Frame
Assembly of Radio Receiving Set HRO-600. General information and
inslructions for major accessories used with the HRO-600 are con-

tained within supplementary technical manuals.
1,2 DESCRIPTION

1.2.1 General

Radio Receiving Set HRO-600 is a solid-state, VLF/LF/MF/HF
receiver covering the frequency range from 1% kHz to 30 MHz, Modes
of operation are SSB, A3, A2, and Al. Inan operational HRO-600, a
frequancy contrel plug-in unit is always ingtalled within the Main Frame
Assembly., There are three types of frequency control plug-in units:
the Type 601 VFO (Search) Unit, the Type 4602 Synthesizer Unit, and the
Type 603 Fixed-Channel (12 erystal-controlled channels) Unit. An
HRO-600 with a Type 601 Frequency Control Plug-In Unit is shown in

Figure 1-1.

The Main Frame Assembly of the HRO-600 is alsc designed to
accept an optional Type 650 FSK Converter. A apecial installation kit
is furnighed with the Type £50 converter, Other optional external ac-
cagaoiies are also availahle for use with the HRO-600. These oxternal
accegsories are as follows:
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Figure 1-1. HRO-600 With Type 601 Flug-In Unit,
Obligque view

a, Type 610 DC Power Supply
b. Type 640 ISB Adapter

¢. Rack-Mounting Brackeats.

1.2.2 HEO-600 Main Frame Assembly

The HRO-600 Main Frame Agsembly consists of a rugged, dip-
brazed, aluminum chageis and printed-circuit board basket, to which
are attached a front panel, a rear panel, and top and bottom covers.
The basic assembly is 5-1/4 inches high, 17 inches wide, and 15-1/2
inches deep, The main frame containg all receiver signal-path circuits
from the antenna input through the line and speaker audio outputs. These
circuits include an antenna attenuator, tunahle preselector, fraquency
converters, i-f amplifiers, i-f filters, a-m and product detectors, and
andio amplifiers, They also include a frequency synthesizer for a firat

mixer infection, a beat-frequency-oscillator (BFQ), an encoder for
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MHz selection, and a 115/230 volt ac power supply. The following con-

trols and indicators are located on the front panel of the main frame:

ANT. Selection Push-
buttons

AGC DECAY Selection
Pushbuttons

MHz SELECT 5Switch and
MHz Indicator

AF GAIN Control

PRESELECTOR ON-OFF
Switch

PRESELECTOR TUNE
Control

MODE Switch
AGC Switch
BEF GAIN Control

BFO Pitch Control
BFO OM-OFF Switch
LEVEL Mgtar

METER Selection
Pushbuttons

LINE LEVEL Coantrol
PHONES Jack

The rear panel mounts the following facilities:

Mixer injection input and
output connectors

Andio line and speaker
output terminals

AGC input and output
terminals

ISB AGC terminal
Antenna Input connector

Broad-band and narrow-
band i-f output
terminala

TTY output terminals

Receiver muting and
listen-thru terminals

External frequency
standard input
connector

.. Ac power input connector

Spare terminals for
future expansion of
capabilities

When the main frame is augmented by one of the frequency control

plug-in units, each of which is installed through the center of the front

panel, the receiver is capahle of operating at any frequency between

la kHr and 30 MHz in the following reception modes:
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AM
CW
55B

FSK (Requires optional plug-in FSK converter, Type 650, or
external audio equipment, )

FAX (Requires external audio terminal equipment, )

The proper filter is selected automatically in the 55B mode. The
BFO is available in all other bandwidths, or it can be turned off for
AM reception,

The main frame assembly is ruggedly built to ensure proper re-
ceiver operation in maritime or vehicular mobile environments, and the
circuit design provides full rated performance throughout a temperature
range of -20°C to +55°C, with relative humidity up to 95 percent.

1.3 SPECIFICATIONS

&
F requency Coverage: 18 kHz to 30 MHz in thirty 1-MHz bands.

Reception Modes: AD, Al, AZ, A3, Ada, A3j, A3h, (AM, CW, MCW,
558}, Fl (FSK) with optional Type 650 FSK Converter
of external audio equipment, F4 (FAX) with external
audio equipment.

Frequency Control: By synthesis of first injection {in 1-MHz bands)

and VFO continuous tuning. Fixed-frequency crystal
control or full synthesis options available.

Frequency Stability with Type 601 Plug-In Unit:
Versus temperature - drift less than 1000 Hz from 0°C to +50°C.

Versus time - less than £20 Hz change in 15 minutes after
30-minute warm-up pertiod.

Versus line-voltage change - less than £20 Hz change for £156-
percent line-voltage change. |

1-4 |




Frequency Stability with Types 602 and 603 Plug-In Units:
Versus temperature from 0°C to 450°C - less than £] PFM.
Versus time - leas than 1| PPM per year,

Tuning Accuracy: #50 Hz (Type 601 Plug-In Unit; 10 He for Type 602
and 603) after frequency standard calibration.

BFO: Tunahle 3 kHz for Al mode; synthesized for 55B operation.

Sengitivity: 0.75 uV (EMF) for 10 dB {S+N)/N ratio in 2.4 kHz bandwidth
(approximately 12 dB noise figure).

RF Input Impedance: 50 chms, unbalanced, or high-Z, as selected by
front-panel pushbuttons.

Spurious Responsea: Image rejection >90 dB; i-f rejection >90 dB;
secondary image rejection >90 dB,

AGC Merit: Less than 10 dB output-level change for input-level change
from 3 pV to,l volt {(EMF).

AGC Time Constant: Selectable at front panel. FAST (100 msec decay),
MED (500 msec decay), SLOW (2 sec decay).
Attack time constant approximately 15 msec.

Audio Outputs: Speaker output-1 watt at less than 10-percent distortion;
Line output - 600-chm impedance level at +0 dBm, with

less than 2.5-percent distortion,
Audio Frequency Response: Flat within 3 dB from 200 Hz to 4.5 kHz,
RF Selectivity: Tunable preselector,
In- Band Intermodulation: The in-band products produced by two 100 mV
tones are nominally more than 40 dB down at the

audio terminals at a line output level of 0 dBm.

Blocking: A 0,1V (EMF) signal will cause less thana 3 dﬁ drop in output,
when spaced 5 kHz away from a 1000 4V (EMF) desired signal,

Cross-Modulation: A 30 mV (EMF) signal will generate a cross-modula-
tion product, which will be more than 30 dB below
the desired output of a 1000 oV (EMF) signal at a
apacing of 10 kHz.
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Front End Intermodulation: Any two 0,1V (EMF) at frequencies to produce
T M products (one signal may be 30 kHz from
desired frequency), will not produce an output
equal to that caused by a desired 30 oV (EMF)

aignal,

Protection From Excessive RF Voltage on
Antenna: Withstands 30V (EMF) for 15 minutes without damage.

Size: 5-1/4" Hx 17" W x 15-1/2"D. Weight <40 lbs. Capable of being
rack mounted.

]
1
3
4

Operating Temperature Range: -20°C to +55°C,
Humidity: To 95 percent,

Shock: Test Condition A of MIL-5TD-202, Method 205 (15G).

Vibration: MIL-STD-167,
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SECTION 2

INSTALLATION

2,1 INTRODUCTION

The following paragraphs of this section describe installation
procedures for the Main Frame Assembly of Radio Receiving Set
HRO-600, Installation procedures for major accessories used with

the HRO-600 are described in supplementary technical manuals.

2.2 UNPACKING AND HANDLING

The HRO-600 is packed in accordance with best commercial prac-
tice. No special precaugtions are required during unpacking and handling
of this unit. MNormal care due to precision electronic equipment should,
of course, be exerciged. It is recommended that all packing material

be retained for possible future use.

After unpacking the HRO-600, inspect it for evidence of external

damage. If damage is evident, notify and file claim with the carrier.

2.3 ENVIRONMENTAL CONSIDERATIONS

The aperating temperature range of the HRO-600 is -20°C {-4"F)
to 455°C (+131°F), Its operating RH (relative-humdity) range is 0 per-

cenl to 95 percent.

The storage temperature range of the HRO-600 is -40°C (-40°F)
to +80°C {4#179°F). Its storage RH (relative-humdity) range is 0 per-

cent ta 100 percent,




2.4 MECHANICAL CONSIDERATIONS

The HRO-600 is 5-1/4 inches high, 17 inches wide, and 15-1/2
inches deep, and weighs approximately 40 pounds. It can be oparated
in any orientation, The standard HRO-600 is equipped with four mounting
feat for table-top or desk installation. Optional mounting brackets pro-
vide for rack-mounted installation within a standard 19-inch rack. For

rack-mounted inatallations, a panel space of 5-1/4 inches is required,

To convert the HRO-600 from the table-top or desk mounted con-

figuration to the rack-mounted configuration, proceed as follows:

a., Remove the mounting feet from bottom of HRO-600 and

replace with the screws and washers provided.

b. BRemove three screws and three washers at front (top and

bottom) and rear (bottom) of each side panel.

¢. Using six screws and six washers, fasten optional mount-

ing bracket to each side panel at front (top and bottom) and rear (bottom).

To convert the HRO-600 from the rack-mounted configuration to
the table-top or desk mounted configuration, reverse the above procedure.

The two-piece mounting feet are used at the front of the receiver.
2.5 ELECTRICAL CONSIDERATIONS

2.5,1 Genaral

With the single exception of the PHONES jack connection, which is
made at the front panel of the HRO-600, all external electrical connec-
tions to the HRO-600 are made at the rear panel, The rear panel of the
HRO-600 also incorporates extensive patching facilities for internal
signals. (Figure 2-1 illustrates the HRO-600 rear panel.) For certain
installations, the internal wiring of the HRO-600 must be altered. All

electrical connections pertinent to installation are discussed in the follow-

ing paragraphs.
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Figure 2-1, HRO-600, Rear Panel View

2.5.2 Listen-Thra Connections

Mote

When listen-thru operation is desired, guit-
able MUTE connection must be made to TEBZ
(in addition to suitable LISTEN THRYU connac-
tiong to TEl), MUTE connection is discussed
in paragraph 2.5. 8.
When listen-thru operation is desired, the recomimended pro-
cedure ig as follows:

Mote

If snitahle potentiometer is not available, two
fixed resistors of appropriate values may be
employed in circuit configuration equivalant
{for some setting of potentiometer) to that

recommended,
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a, Connect one end of 10K, 1/4 watt or greater, 10% potentiom-
eter to LISTEN THRU Mo. 1 terminal of TBl on rear panel,

b, Connect arm of potentiomneter to LISTEN THRU No. 2
terminal of TRl on rear panel.

¢. Connect other end of potentiometer to one end of 8,2K, 1/4
watt or greater, 10%, fixed resistor,

d. Connect other end of fixed resistor te GND terminal of TH2

on rear panel,

2.5.3 AGC Connections

The HRO-600 provide AGC OUT and IN connections on the rear

panel for greater flexibility and special-purpose use. The HRO-600
is shipped from the factory with the AGC OUT and IN terminals of TEI

connected together by means of a jumper., This jumper connection

should never be removed under normal operating conditiona, Its removal

would disable both automatic and mannal rf gain control circuits, and
the HRO-600 would not operate correctly. (The satting of a front-panel
switch determines whether automatic gain contrel {age) is employed,
With age in use, it is still possible to reduce rf gain manually by means

of the {ront-panel control. If age is not used, this control alone deter-

mines rf gain. )

2.5 4 Audio Line Connactions

The three 6000 tarminals of TBl on the rear panel provide a
center-tapped (C, T, ) audio output signal for a 600 -ohm audic line,
Nominal audio signal level is 0 dBm; this level may be varied at least
1t dRBm by means of & front-panel control. The HRO-600 is shipped

from the factory with all three 6008 terminals open-circuited with
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respect to the GND terminal of TBZ on the rear panel, If desired,
any one of the three 600% terminals may be connacted either to the

THZ GND terminal or to an external refarence,

2.5.5 ISBR AGC Connection

The purpeose of the AGC ISE terminal of TBl on the rear panel
is to accept an AGC input from the external Type 630 ISB Adapter dur-
ing independant-gideband operation, Thieg enables the sideband channel
receiving the stronger mignal to control the rf gain of the amplifiers

common to both channels,

2.5.,6 TTY Connections

The purpoae of the TTY - and + terminals of TBZ on the rear panel
is to make available a TTY output for an external teletypawriter loop.
These ‘terminals can be used only when the HRO-600 is equipped with the
optional internal Type 650 FSK Converter., If the FSK converter is
used, refer to the supplementary technical manual covering the con-

verter for details of operation,

2.5, 7 Ground Connections

The purpose of the GND terminal of TE] on the rear panel is to
facilitate connection of other rear-panel TBl and TB2 terminals to
chasgis ground, Such connections are discussed as applicable in the
paragraphs covering other TBl and TB2 terminale, The TRBZ GND
terminal also facilitates connection of external equipment to the HRO-

600 chassis ground, |

2.5,.B Muting Connection

The purpose of the MUTE terminal of TB2 on the rear panel is
to accept a muting input (typlcally a transmitter key) from a source

external to the HRO-4600, A muting input is required during both fully
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muted and listen-thru operation. (A listen-thru connection is required
here and is discussed in paragraph 2.5.2.) For the MUTE terminal,
the non-muting input is an open circuit {external to the HRO-600), and
the muting input is a closed circuit to the GND terminal of TB2Z on the
rear panel of the HRO-600,

2.5.9 Speaker Connections

The HRO-600 is shipped from the factory wired to drive its own
internal B-ohm speaker, (Transfer from internal-speaker operation to
headphone operation is accomplished by inserting the headphones plug
into the PHONES jack on the front panel of the HRO-600,) For internal- i T
speaker operation, the SPKR EXT and INT terminals of TBZ on the {
rear panel are connected together by means of a jumper, and the ?.__!_r__a_ql
between PHONES jack J10 and tr_ar;uig_rr!-l_er_TI {Figare 5-2)} ta_-::onnuctud
to the green Tl lead. :

The wiring of the HRO-600 can be readily altered to enable driving
of either an B-ohm or a 3.2-ohm external speaker. (As for internal-
speaker operation, transfer from external-speaker operation to head-
phone operation is accomplished by inserting the headphones plug into
the PHONES jack on the front panel, )

To convert the HRO-600 from internal-speaker operation to
external-speaker operation, disconnect the jumper connection between
the SPKR EXT and INT terminals of TB2 and connect the external speaker
batween the SPKR EXT and GND terminals of TB2Z, When an 8-ohm ex-
ternal speaker has been connected, this completes the conversion pro-
cedure, If a 3,2-ohm external speaker has been connected, disconnect
the Tl jumper connecting the green Tl lead to the wire leading from
PHONES jack J10 and connect the black Tl lead to that wire, to complate

the conversion procedure, To reconvert the HRO-600, reverse the

preceding procedures as applicable.

e —
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2.5,10 Second Injection Connections

The HRO-600 provides access to the second injection input and
output for greatar flexibility and special-purpose use, The HRO-600
is shipped from the factory with terminals J1-1 (second injection input)
and J1-2 (second injection output) on the rear panel connected by means
of an internal jumper. For normal operation, this jumper connection

should never be removed, since its removal would disable the receiver,

2.5.11 ISB Output Connection

A 5 MHz ISB (independent-sideband) output is available at terminal
J1-3 on the rear panel of the HRO-600, When the HRO-600 is used in
conjunction with the optional external Type 630 ISB Adapter, this ISB
output is connected to the ISBE Adapter.

2.5.12 External Frequency Standard Connection

The purpose of terminal J2-1 on the rear panel of the HRO-600
is to accept a 1-volt rms calibration input from an external 1-MHz or
5-MHz frequency standard. In conjunction with the METER switch (CAL
position) and LEVEL meter on the front panel of the HRO-600, the cali-
bration input is used to calibrate the internal frequency standard of the
frequency control plug- in unit in use., (A 5-MHz external frequency
standard is preferable, since a stronger zero heat can be obtained. )
Calibration of each type of frequency control plug-in unit is described

in the supplementary technical manual for that unit.

2.5.13 BFO Connections

The HRO-600 provides access to the fixed BFO input and output
for greater flexibility and special-purpose use. The HRO-600 is
shipped from the factory with terminals J2-2 (BFO input) and J2-3

2-17
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(BFO output) on the rear panel connected via an internal jumper., For
normal operation, this jumper connection should never be removed,
since its removal would disable product detection by the receiver in

the SSB mode.

2.5.14 First Injection Connections

The HRO-600 provides access to the first injection input and
output for greater flexibility and special-purpose use, The HRO-600
is shipped from the factory with terminals J3-1 (first injection output)
and J3-2 (first injection input) connected via an internal jumper.
For normal operation, this jumper connection ahuu];t never be removed,

since its removal would digable the receiver.

2.5.15 Second I-F Output Connection

A 5 MHz second i-f output is available at terminal J4-1 on the

rear panel of the HRO-600, Nominal signal level is 5 mV into 50 chmas,

2.5.16 Spare Terminals

Two terminals of TB2 and terminals J3-3, J4-2, and J4-3 on the
rear panel of the HRO-600 are spare terminals, These five tarminals
are provided to facilitate future expansion of the capabilities of the
HRO-600,

2.5,17 Power Connections

The HRO-600 is operated from a primary ac power source of
either 10%,5 to 126.5 vac or 207 to 253 vac, 47 to 420 Hz, 60 watts,

It is shipped from the factory wired for 115-vac operation,
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Hote

Refer to Figure 2-2 for the wiring configuration
of the power transformer T3 terminal strip,
Z
Refer to Figure 5-3 for the location of the
tranaformer and terminal strip.
To convert the HRO-600 from 115-vac operation to 230 -vac oper-
ation, proceed as follows:
a. Remove jumper connection between brown and white leads
from power transformer T3.
b, Remove jumper connection between black and gray leads

from power transformer T3.

Y] GRY
WHT BLx ”
i i
BoFoKER
T asSEagMmER
rrel

(). TERMINGL STRIP JUMPED Foe B30 wRC,

aauf
Wis' F_ TN 4

T

i\ |

! ﬁ ” !! ﬂ SOESEER
TRANSIORMER

(8) TERMINGL BTRIL JUMPED FOR 15 VAC,

Figure 2-2, Power Transformer T3 Terminal Strip,
Wiring Data
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c. Connect brown and black leads from power transformer T3

together,

To convert the HRO-600 from 230-vac operation to 115-vac oper-

ation, proceed as follows:

a. Remove jumper connection between brown and black leads

from power transformer T3,

b, Connect brown and white leads from power transformer T3

together,

c. Connect black and gray leads from power transformer T3

together,
CAUTION

Prior to making primary ac power connection,
make certain that HRO-600 is correctly wired

for primary ac power source to be employed.

Connect power cable supplied with HRO-600 between power con-
nector J5 en rear panel of HRO-600 and suitable source of primary ac

power,

2.5.18 Antenna Connection

The antenna input connector (J8) is provided on the rear panel of

the HRO-600,

Connect antenna to connector J8 by means of suitable coaxial cable

assembly, The mating connector for J8 is a FL-259 connector,

e o B Tl | e —————
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2.6 INSTALLATION CHECKOUT

2,6,1 General
After installation of the HRO-600 has been completed, perform
the inastallation checkout procedures described in the following para-
graphs.
Mote
Functions and, as applicable, initial contrel

gettings for all front-panel controls and indi-
cators are specified in Table 3-1 of Section 3.

2,6,2 Start-Up

To energize the HRO-600, proceed as follows:

a. Preset all controls on front panel to intial control settings
specifiad in Table 3-1 of Section 3.

b. Rotate MODE control on front panel from OFF position to
any operating position, The receiver is ready for instant use., A
warm-up period of 30 minutes, either in standby or operation, will
permit full stabilization of the circuits and performance in accordance

with all specifications.

2.6,3 RBReception Tests

The most straightforward technique for testing reception is nor-

mal operation of the HRO-600 to receive radio transmission with known

characteristics. (Operating instructions for the HRO-600 are given in
Section 3 of this technical manual,) It is recommended that at least

one known transmission be monitored within each of the 35 rf bands
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indicated by the front-panel MHz indicator and selected by the front-
panel MHz SELECT control, and that each HRO-600 mode of operation

be checked for at least one known transmission.

At locations where known transmissions are not available for all
35 rf bands, signal-generator techniques can be used to test reception
within "empty" rf bands. For the frequency range from 50 kHsz to
30 MHz, Hewlett- Packard Signal Generator Model 606 or its equivalent
can be employed, In the case of irequencies below 50 kHg, it will
probably be necessary to use an audio oscillator, and to take into account

the typical 600-chm signal output at a relatively high level.
Note

The frequency accuracy and stability of the
HRO-600 are considerably better than those of
typical audic oscillators and signal generators.
If frequency discrepancies appear, it should be
assumed that the HRO-600 display is correct,

2.6,4 BFO Test

With the BFO pitch control knob pushed in and any mode except
SSPB gelectad, the front-panel BFO pitch control should be rotated
throughout its entire control range, with an unmodulated carrier tuned
to the middle of the pass-band being received, As this control is ro-
tated pradually from the - position through the O position to the + posi-
tion, the BFO pitch should vary gradually from more than 3 kHx through

0 kHz to more than 3 kHa=a,

2,6,5 Line Level Teast

MNuring at least one reception of a signal of medium strength, the

audio line circuits should he tested as follows:




a. If 600-chm audio line has been comnected to 6000 terminals
of TEl on rear panel (refer to paragraph 2,5.4), proceed directly to
following step b. If not, connect 600-ohm, 1/8 watt or greater, *10%
resistor between leftmost and rightmost 6008 terminals, and proceed

to following step b,
b. Set AGC control on front panel to ON position,

¢, Rotate RF GAIN control on front panel to fully clockwise
posgition,

d. Set AGC decay time constant for optimum reception by
depressing one of three AGC DECAY selection pushbuttons (FAST,
MED, or SLOW) on front panel.

e. Depress METER AF LINE selection pushbutton on front

panel,

Note

Operation of iront-panel LINE LEVEL control
is independent of operation of front-panel AF
GAIN control,

f. Verify that audio output line level, as measured by {ront-
panel LEVEL meter, can be varied at least #6 dBm about 0 dBm by
means of front-panel LINE LEVEL control.

g. Set front-panel LINE LEVEL control for desired audio

output line level, as measured by front-panel LEVEL meter,

2.6,6 Frequency Standard Test

The internal frequency standard of the particular lype of [Tequency
control plug-in unit in use is calibrated at the factory prior to ship-

ment, and ghould usually require no recalibration at installation, If
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an external | MHz or 5 MHz frequency standard with a frequency accuracy
of =1 pp 108 and an ontput level of 1 vac rmas is available at the installa-

tion nlte.ﬂe internal frequency standard may be tested as follows:
Note

If choice between | MHz and 5 MHz external
frequency standard is available, use of 5 MHz

standard ig recommendead,

a. Connect external frequency standard to terminal J2-1 on

rear panel,

b. Depress METER CAL selection pushbutton on front panel.

- N O N N .

¢. Verify that period of cscillation (one swing back and forth)

of reading on front-panel LEVEL meter is | second or greater,
Note

If period of oacillation is less than | second,
internal frequency standard of frequency
control plug-in unit should be recalibrated,
Calibration instructions are given in supple-
mentary technical manual for particular type

of frequency control plug-in unit in use,

Do not readjust the internal frequency
standard unless the accuracy of the stand-
ard used for calibration is known positively,
The frequency standard in the Type 602
Plag-In Unit may be more accurate than

some secondary standarda in common use.




SECTION 3

OFERATION

3.1 INTEODUICTION

The following paragraphs of thls section describe operation pro-
cedures for the Main Frame Assembly of Radio Receiving Set HRO-600,
Operation procedures for major accesgsories used with the HRO-600

are described in supplementary technical manuals.

3.2 OPERATING CONTROLS AND INDICATORS

A front panel view of an HRO-600 with a Type 601 Frequency
Control Plug-In Unit is shown in Figure 3-1, Table 3-1 sgpecifiss the

functions and, as applicable, the initial control settings for all controls

and indicators located on the front panel of the HRO-600 Main Frame
5% M 52 R 410
wiEhfr o b B [ = 1 a i ER =IRH et b L s ot epoger o petesaiyiy R a1 oot | -
54
RIE
Figure 3-1, HRO-600 With Type 601 Plug-In
3=1
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Agsermbly, The functions and the initial control settings for all controla
and indicators located on the front panels of major HRO-b600 accessories
{such as frequency control plug-in units) are specified in the supple-

mentary technical manuals for those accessories,

TABLE 3-1, HRO-600 MAIN FRAME ASSEMBLY,
OPERATING CONTROLS AND INDICATORS

Control or Initial Control
Indicator Function(s) Setting
ANT, Selection Select input impedance (high or Immaterial
Pushbuttons 50-ohm) presented to antenna by
HI-Z, -20 dB, HRO-600, and degree (0 dB or
and 50M1) 20 dB) to which ocutput from rf

preselector of HRO-600 ia at-
tenuated, When the pad is used,
wither the HI-Z or 500 button
must be depressed simultan-

eously,
AGC DECAY Select AGC decay time congtant Immaterial
Selection {FAST: 100 msec; MED: 500
Pushbuttons mseac; SLOW: 2 sec). (Threes
(FAST, MED, pushbuttons are mechanically
and SLOW) interlocked to prevent depression

of more than one at any one time.
However, it is possible to over-
ride interlock. AGC attack time
constant is fixed at approx. 15
msec. )

MHz Indicator Indicates which one of 35 rf banda
has been selected by MHz
SELECT control, Bands are ags
followa:

3-2
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TABLE 2-1,

HRO-600 MAIN FRAME ASSEMBLY,

OPERATING CONTROLS AND INDICATORS (Cont)

Control or
Indicator

MHz Indicatar
{cont)

MHz SELECT

Control

PRESELECTOR
3 Switch

TUNE Control

AF GAIN

Control

MODE Control

Function(s)

016 - .031
031 - 062
062 - (125
A25 - .25
25 = 5
L 1

control,

1
A
i
1
1
!
i

28
29

Belecta one of 35 rf bands.

Bypasses rf preselector in
OFF position; connects rf pre-
selector into signal path in

ON position, (Mounted con-
centric with TUNE control, }

Tunes Tunable Preselector.
{Mountad concentric with PRE-
SELECTOR ON-OFF switch, )

Controls audio-frequency gain
of speaker amplifier. (Uper-
ates independently of LINE
LEVEL control. )

Determines mode/bandwidth
(OFF, STANDBY, LSB, USH,
WIDE, INT, MAR, OR V. NAR)
in which HRO-600 functions,

Initial Control

Setting

The indicator display
the frequency band
covered by the PRE-
SELCTOR TUNE

Immaterial

oM

Immaterial

Fully

Counterclockwise

OFF
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TABLE 3-1, HRO-600 MAIN FRAME ASSEMBLY,
OPERATING CONTROLS AND INDICATORS (Cont)

Control or
Indicator

MODE Control
{cont)

AGC ON-OFF
Switch

EF GAIN
Control

Function(s)
MNote

For fraquencies of 1 MHz and
above, USE and LSB positions
of MODE control are desig-
nated in black; for frequen-
cies below 1 MHz, USB and
LSE positions of MODE con-
trol are designated in red.

Disables AGC function in OFF
position; in this case, ri gain is
determined solely by setting of
RF GAIN control. Enables
AGC function in ON position;
in this case, rf gain is deter-
mined by either setting of RF
GAIN control or level of AGC
voltage, whichever dictates
lower rf gain. (AGC control
is mounted concentric with RF
GAIN control. )

Exercises sole control over rf
gain of receiver when AGC con-
trel is in OFF position, When
AGC control is in ON position,
rf gain is determined by either
level of AGC voltage or setting
of RF GAIN control, whichever
dictates lower rf gain. (RF
GAIN control is mounted con-
centric with AGC control. )

Imitial Control

Setting

OFF

aN

Fully
Clackwise
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TABLE 3-1. HRO-600 MAIN FRAME ASSEMBLY,
OPERATING CONTROLS AND INDICATORS (Cont)

Control or
Indicator

BFD Pitch
Control

BFO ON-OFF

LINE LEVEL
Control

PHONES Jack

METER
celection
Pushbuttons
(CAL, RF IN,

Initial Control
Function{s) Setting

Deviates output from beat fre- 0
quency oscillator (BFO) approxi-
mately £3 kHz about 5 MHz when
MODE contreol ig in any opera-
tional position except 55B and

BFO is ON; inoperational when

BFO is OFF or S85B MODE is in
use,

Turns BFO ON and OFF for all In (On)
MODES except S5B

Controls aundio-frequency gain of Fully
line amplifier. (Operates in- Counterclockwise
dependently of AF GAIN control. )

Facilitates connection of headset Not Applicable
(not supplied with HRO-600) at

front panel of HRO-600, When

headset plug is inserted into

PHONES jack, speaker (whether

internal or external) is auto-

matically disconnected,

Salect signal applied to LEVEL Immaterial

metar.

When CAL pushbutton is depressed
and suitable external 1 MHz or

5 MHz frequency standard is
properly connected to HRO-600
(refer to paragraph 2.5, 13), osecil-
lations of LEVEL meater reading
represent frequency discrepancy
between external and internal
frequency standards. Internal
frequency standard is calibrated
by maximizing period of oscilla-
tion, Procedures are described

in supplementary technical manuals
for frequency control plug-in units.
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TABLE 3-1, HRO-600 MAIN FRAME ASSEMBLY
OPERATING CONTROLS AND INDICATORS {Cont)

Control or Initial Control
Indicator Function{s) Setting
METER When RF IN pushbutton is depressed,
Selection LEVEL meter reads level of rf input
Pushhuttons signal In dB above AGC threshald.

CAL, RF IN,
and AF LINE)
{cont)

When AF LINE pushbutton is de-
pressed, LEVEL meter reads
audio output line level in d Bm.

{Three pushittons are mechan-
ically interlocked to prevent de-
pression of more than one at any
one time., However, it is poasible
to override interlock. )

LEVEL Metar Monitors level of signal applied Not Applicable
' by depressed METER =selection
pushbutton (CAL, BF IN, or
AF LINE)., (Refer to preceding
discussion of functions of these
pushbuttons, )

3.3 OPERATING INSTRUCTIONS

3.3.1  General

- The following paragraphs provide operating instructions for the

basic HRO-600, Operating instructions for major accessories used
with the HRO-600 are contained within the supplementary technical

manuals for those accessories,

3.3.2 Btart-Up
CAUTION

Prior to starting up the HRO-600, make sure
that it has been properly installed in accordance
with the instructions contained in Section 2 of
thia technical mianual. In particular, make
gure that the internal wiring of the HRO-600 is
compatible with the external source of prI'ma-r‘,r

ac power,
; a 3-b
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To start up the HRO-600, proceed as follows:

a, Preset all controls on front panel to initial control settings
apecified in Table 3-1,

b. Rotate MODE control on front panel to any operating posi-
tion. The receiver is ready for instant use, A warm-up period of 30
minutes, either in standby or operation, will permit full stabilization

of the circuits and performance in accordance with all specifications.

3.3.3 Mode Selection

To select desired mode of oparation, rotate MODE control on
front panel to desired position (LSB, USB, WIDE, INT, MNAR. or

V. NAR).
Mote
For frequencies of 1 MHz and above, USB and
LSBE positions of MODE control are designated

in black: for frequencies below 1 MHz, USB
and LSB positions of MODE control are desig-

nated in red.

Bandwidths (6 dB) for the six HRO-600 modes of operation are as

followa:
LSB 2350 Hz (-350 Hz* to -2700 Hz#*)
UsB 2350 Hz (+350 Hz* to +2700 Hz¥)
WIDE 8 kHz to 10 kH=z
INT 2 kHz to 3 kH=
NAR 1 kHz to 2 kHs=
V.NAR 300 He to 400 H=z

# With respect to 5 MH=
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3.3.4 Tuning

The HRO-600 is tuned partizlly from the front panel of the Main
Frame Assembly and partially from the {ront panel of the particular
type of frequency coniral plug-in unit in use. This receiver exhibits

a tuning ranpge of 16 kHz to 30 MHz,

The MHz SELECT control on the front panel of the Main Frame
Assembly controls bandswitching of the rf preselector, determines the
tens and units MHz digits of the frequency to which the recelver s
tuned {by controlling the injection to the first mixer), and selects the
heterodyne configuration of the receiver. This control operates.in
conjunction with the MH= indicator on the front panel of the Main Frame
Agsembly, (For frequencies from 0106,0 kHz to 999,9 kHz, the HRO-
600 functions as a single-conversion superheterodyne recelver; for
frequencies from 01.0000 MHz to 29.9999 MHz, the HRO-600 functions
as a double-conversion superheterodyne receiver, During single-
conversion operation, the "firat" mi:r.&.r is not used, ) Fuorther informa-
tion regarding the MHg SELECT control and the associated MHz indicator
i!.l given in Table 3-1,

The TUNE control on the front panel of the Main Frame Assembly
tunes the Type 640 Tunable Preselector when the HRO-600 is nqnippud
with this type of rf preselactor.

The PRESELECTOR ‘control on the front panel of the Main Frame
Ageembly bypasses the rf preselector with a ghort circuit when in the
OFF pogition, and connects the rf presslector into the signal path when

in the ON position. For most applications, this control ghounld be seat

| to the ON position. However, the ANT. selection pushbutton must be set

to the 500l position for reception with the PRESELECTOR contreol sst to
OFF. The OFF position may also be used when an additional 2 dB to

4 dB of sensitivity is desired and the lack of rf selectivity (other than.
30 MHz low-pass filtering) within the HRO-600 can be tolerated,
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The frequency contral plug-in unit in use determines the hundreds,
tens, units, and tenths kHz digits of the frequency to which the HRO-600
is tuned (by controlling the injection to the second mixer). For fre-
quencies below 1 MHz, the "first'" mixer is not used and the signal input
to the "second' mixer is at the received frequency,) Operating instruc-
tions for each type of frequency control plug-in unit are given in the

supplementary technical manual for that unit,

3,3.5 _Antenna Matching

The three ANT, (antenna) selection pushbuttons (HI-Z, -20 dB,
and 50{) on the front panel of the Main Frame Assembly select the input
impedance (high or 50-ohm) presented to the antenna by the HRO-600,
and the degree (0 dB or 20 dB) to which the output from the rf pre-
selector of the HRO-600 is attenuated.

To select 0 4B of attenuation and high impedance, depress HI-Z
ANT, selection pushbutton,

To select 0 dB of attenuation and 50-chm impedance, depress

500 ANT. pelection pushbutton.

To select 20 dB of attenuation and high impedance, simultanecusly
depress -20 dB and HI-Z ANT, selection pushbuttons.

To select 20 dB of attenuation and 50-ohm impedance, simul-

taneously depress -20 dB and 500 ANT. selection pushbuttons.

3,3, 6 Gain Control

3,3,6,1 Genaral

The rf gain of the HRO-600 may be controlled either automatically
or manually, The respective audio gains of the speaker and line audio

channels are controlled manually and independently.




3.3.6,2 RF Gain Control

To control the rf gain of the HRO-600 manually, rotate the AGC
gwitch on the front panel to the OFF position and adjust the RF GAIN
control on the front panel for the desired rf gain. Rotate the RF GAIN

control counterclockwise to decrease ri gain and clockwise to increase

rf gain.

Mote

The AGC switch and the RF GAIN control are

concentric controls.

To program the HRO-600 for fully automatic gain control, rotate
the RE GAIN control on the front panel fully clockwise and rotate the
AGC switch on the front panel to the ON position,

MNote

During AGC operation, optimize reception
through selection of AGC decay time con-
stant, Depress AGC DECAY FAST (100
msec), MED (500 msec), and SLOW (2 sec)
selection pushbuttons in turn, and then de-
press pushbutton that yields best reception,
{AGC attack time constant is fixed at approx.

!5 meac, }

To override automatic gain control when the AGC control iz in

the ON position, rotate the RF GAIN control as far counter-clockwise

A8 NECessaTY.
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3,3.6.3 AF Gain Control

Mote

The two front-panel audio gain controls (AF
GAIN and LINE LEVEL) operate independ-

ently.
The AF GAIN control is used to adjust the gain of the audio

speaker (or headphone) channel., Rotate this control counterclockwise

to decrease channel gain and clockwise to increase channel gain.

The LINE LEVEL control is used to adjust the gain of the audio
line channel, Rotate this control counterclockwise to decrease channel

gain and clockwise to increase channel gain,

The line level may be monitored on the LEVEL meter when the
METER AF LINE pushbutton is depressed.

3,3.7 BFO Operation

During LSB and USE operation, BFO injection frequency is syn-
thesized at 5 MHz, and front-panel BFO control is inoperative. For A3
and A? operation, an envelope detector (rather than product detector)
is employed, and the BFO is switched off by pulling out the BFO pitch
control knob. During Al operation, the product detector is employed
and the BFO is turned on by pushing the BFO pitch contrel knob in and
adjusting to vary BFO injection frequency {approximately 3 kHz about
5 MHz) for desired pitch. The BFO can be turned on or off in all MODE

switch pogitions except 55B,

3.3.8 Headphone Operation

To disconnect the speaker in use (either external or internal) and
gubstitute a pair of headphones, merely insert headphone plug into

PHONES jack on front panel.
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3.3.9 Monitoring Operations

The HRO-600 iz monitored as followa:

a, By means of either an external or Internal speaker, de-
pending upon rear-panel connections made at installation, (Refer to

paragraph 2.5.9.)

b. By means of a pair of headphones., (Refer to paragraph
3358, )

c. By means of the front-panel LEVEL meter, used in con-
junction with the front-panel METER gelection pushbuttons (CAL, RF IN,
and AF LINE},

{1} During normal operation, the METER CAL selection
pushbutton is usually not depressed, This meter selection is made
during the frequency standard teet described in paragraph 2,6, 6, and
during calibration of the internal frequency standard,

(2) To monitor the rf input level in dB above AGC threghold,
depress the METER RF IN gelection pushbutton and observe the reading
on the LEVEL meter,

{3) To monitor the aundio output line level in dBm, depresa
the METER AF LINE gelection pushbutton and observe the reading on
the LEVEL meter,

3.3, 10 Shutdown

If a 30-minute warm-up period (refer to paragraph 3, 3. 2) can
be tolerated when HRO-600 is next started, rotate the MODE control
an front panel to OFF position to shut down the HRO-600. When 30-
minute warm-up period cannol be telerated when HRO-600 is next
started, rotate MODE control on froni panel to the STANDDBY position

ko ghut down,

-
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Mate

Warm-up period is necessary only to ensure oper-
ation in accordance with all performance specifi-
cations, HRO-600 operates immediately upon

start-up,
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SECTION 4

THEORY OF OFPERATION

4.1 INTRODUCTION

This section presents the theory of operation for the Main Frame
Assembly of Radio Receiving Set HRO-600, The theories of operation
for major accessories used with the HRO-600 are given in'the supple-

mentary technical manuals for those accessories,

The following discussion is subdivided into individual discussions
of signal-path circuits, injection circuits, AGC circuits, MHz selec-
tion cireuits, and power-supply circuits, These discussions are based

upon the gervicing block diagram of Figure 5-7 in Section 5.

4.2 SIGNAL-PATH CIRCUITS

The 'LEI kHg - 30 MHz rf input signal for the HRO-600 is applied
to the antenna connector (J8). Two incandesacent lamps in the antenna
input line protect the rf input circuitry of the HRO-600 against rf input
gignals of excessive strength, If an excessively strong rf input signal
is applied, the filament resistance of the lamps increases, thus limiting

the magnitude of the signal impressed upon the ri input circuitry,

The HI-Z (high impedance) and 5001 ANT. selection pu;ahhuttﬂna
{S9A and S9C, respectively) apply the rf input signal to the HRO-600
to either the high-impedance or the 50-ohm input of the rf preselector
{ALl),

HBand selection for the rf preselector is accomplished by means

of the MHz SELECT control on the front panel of the HRO-600. The
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TUNE control onthe front panel of the HRQ-600 provides for contin-
uous tuning within each rf band. The preselection circults of the =f
preselector can he hypassed by setting the PRESELECTOR control on
the front panel of the HRO-600 to the OFF pesition with 508 button

pushed in,
The preselector rf bands are ag follows:

a. 0.016 - 0.031 MH=
b, 0,031 - 0,062 MH=z
c, 0.062 - 0,125 MHg
d. 0.125 - 0,25 MHsz
e. 0,25 -0.5 MH=z

s e B - 1, MHg
E- 1 = MHz
. 2 -4 MH=
i, 4 -8 MHz
i. 8° 16§ My

a0 5 = 50 MHz

When the -20 dB ANT, selection pushbutton (59B) is released
(not depressed), the ri signal output from the rf preselectoris applied
directly te the 30 MHz low-pass filter (FL10). If 59B is depressed,

the Tf preselector output is applied to FL10 through a 20 dB attenuator
(Ré6, R7, and RB),

When the HRO-600 is tuned for signals from 16 kHz to 1 MHz,
the rf signal output {rom FLI10 is connected through relay assembly
Alb toa 1,75 MHz low-pass filter, and the output from this filter is
applied to the front end module (AZ)., When the HROQ-600 ig tuned for
signals from 1 MHz to 30 MHgz, the rf signal output from FL1{ is con-

nected through relay assembly Alb directly to the front end module
(AZ}.
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When the HRO-600 is taned for signals from l,.g"lnl-l: to 1 MHz,
the front end module {A2) merely amplifies its rf input for application
to the second mixer module (A4), via inductor 1.9 and relay assembly
Al3, When the HRO-600 is tuned for aignals from 1 MHz to 30 MHz,
the 1 MHz to 30 MHz signal frequency is subtracted from the 56 MHz to
B4 MHz (in 1 MHz increments) first injection frequency to produce
a variable 55 MHz to 54 MHz first intermediate frequency, (Injection
circuits are discussed in paragraph 4. 3.) In the latter case, the
variable 55-54 MHg first i-f signal is paessed through a 65-MHz low-
pass filter (FL7) and connected through relay assembly Al3 to the

second mixer module (A4},

When the HRO-600 is tuned for signals from 1; kHz to 1 MH=,
the l.f!'f kHez to 1| MHz signal frequency is added to the 5 MHz to 4 MHz
"second'' injection frequency to produce a fixed 5 MHz "'second' inter-
mediate frequency, When the HRO-600 is tuned for signals from 1 MHz
to 30 MHg, the 50 MHz to 49 MHz second injection frequency is sub-
tracted from the variable 55 MHz to 54 MHz first intermediate frequency
to produce a fixed 5 MHz second intermediate frequency. (Injection

circuits are discussed in paragraph 4.3.)

The second mixer module (A4) produces fixed 5 MHz second i-f
signals for application to the crystal intelligence filters of the HRO-600
and to the ISB output terminal (J1-3) on the rear panel of the HRO-600,
These two signals are isolated from each other by means of a buffer
amplifier within A4, and limited to an 8-10 kHz i-f bandwidth (6 dB) by
means of a crystal filter within A4, (The signal made available at
the ISB output terminal (J1-3) is intended for use by the optional exter-
nal Type 630 ISE Adapter, )
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One second i-f signal produced by the second mixer module {A4)
is passed through the applicable crystal intelligence filter {FL1 through
FL5, in the case of wideband operation, no filter is used, Crystal
filters located within the second mixer module (A4) and the second i—t'.-'"agf:
module (AS5) provide adequate intelligence filtering for wideband oper-
ation. These filters exhibit a 6-dB bandwidth of 8 kHz to 10 kHz. ),

The 5-MHg i-f output from the applicable crystal intelligence filter ia
re-applied to the second mixer module (A4) for further amplification.
Module A4 provides the filtered and amplified fixed 5 MHg i-f input for
the second i-f/age module [(A5), Selection of intelligence filter (FL1
through FL5) is controlled by the setting of the MODE control (51) on
the front panel of the HRO-600,

In reaponse to ita fixed 5-MHz second i-f input, the second j-f/
age module (A5) produces amplified and filtered 5-MHgz i-f outputs for
the BFO and product detector assembly (Al0Q) and for application to
the second i-f output terminal (J4-1) on the rear panel of the HRO-600,
an AM output for the second injuctiun,-'"af amplifier assembly (Ab), and
AGC outputs for various stages of the gignal-path circuits, (AGC circuits
are discussed in paragraph 4. 4) The two second i-f outputs from AS are
igsolated from each other by means of a buffer amplifier within A5 and
passed through a crystal filter with an B-10 kHz i-f bandwidth (6 dB)
within A5, When the optional internal Type 650 FSK Converter is em-
ployed, the second i-f signal applied to J4-1 is alsc applied to the FSK
converter module (A8), Module A5 also accepts the muting and listen-
thru inputs to the HRO-600, which are connected to the MUTE terminal
of TBZ and to the LISTEN THRU terminals of TBl, respactively, on the
rear panel of the HRO-600,

When the HRO-600 is in the LSB, USB, or BFQO "ON'" mode of
operation, the audio signal input to the second injectim::j‘af amplifier

module (A&) is obtained from the BFO and product detector assembly
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{A10), via the MODE control (S1). When the BFO is "QFF", the audio
signal input to the second injection/af amplifier module (Af) is obtained
from the AM envelope detector in the second i-f/age module (A5),

The BFO and product detector assembly (Al0) is enabled (by a
switched +18 vdec power input) only when the BFO is "ON" or during
L5E or USB mode of operation, (When BFO is switched OFF, the AlO
assembly is disabled.) For LS5B and USE operation, the BFO portion
of the Al0 assembly merely functions as an amplifier for its 5-MHz
fixed BFO injection, In this case, the BFO control (R18) on the front .
panel of the HRO-600 exercises no effect on the BFO injection frequency. '
During Al operation, the 5-MHz fixed BFO injection is electronically |
disconnected [by a second and independent +18 vdc input) within the AID
assembly, and the BFO portion of the Al0 assembly functions as a
voltage-controlled oscillator. In this case, the BFO control {(R1B) on
the front panel of the HRO-600 adjusts the oscillator control voltage,
and thus varies the BFO injection frequency approximately #3 kHz

about its nominal center value of 5 MHs=,

The af amplifier portion of the second injection/af amplifier
module [Af) incorporates the audio line amplifier and the audio pre-
amplifier for the speaker amplifier (Al9). Line channel gain is ad-
justed by means of the LINE LEVEL control (R10) on the front panel
of the HRO-600, Line transformer T2 provides the center-tapped
600-ohm audio line output from the HRO-600, This output is usually
get at 0 dBm by means of the LINE LEVEL control {R10); t]:;c R10
control can be used to vary the level at least 6 dBm about 0 dBm,
The audio line output is available at the three 6008 terminals of TBl
on the rear panel of the HRO-600,
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The audio line output from Ab is also applied to a line-level
amplifier/detector, which is mounted on the diode rectifier assembly
(Al8), This amplifier/detector provides the audio-line-level signal
for the metering circuit associated with front-panel meter M1,

The speaker amplifier (A9) provides the audio-frequency (af)
gain required to drive the internal 8-chm speaker, an external 3,2-chm
or B-ohm speaker, or external headphones. Speaker channel gain is
adjusted by means of the AF GAIN control (R9) on the {ront panel of
the HRO-600, Speaker transformer Tl is wired to provide a 3.2-ohm
output impedance level when a 3,2-chm external speaker is employed.
When an B-ohm speaker (either the internal speaker or an external one)
or external headphones are employed, speaker transformer Tl is wired
to provide an 8-chm output impedance level, (The HRO-600 is shipped
from the factory with speaker tranaformer Tl wired to provide an B-ohm

output impedance level, )

If external headphones are employed, the headphones plug is in-
serted into the PHONES jack (J710) on the front panel of the HRO-600.
This disconnects the T1 output from the EXT SPKR terminal of TBZ on
the rear panel of the HRO-600, and connects the Tl output to the exter-
nal headphones, When external headphones are not employed, the Tl
output is connected through PHONES jack J10 to the EXT SPKR ter-
minal of TB2,

When the internal speaker of the HRO-600 is employed, the EXT
and INT SPKR terminals of TB2 on the rear panel of the HRO-600 are
connected together by means of a jumper. (The HRO-600 is shipped
from the factory with this jumper connected.) If an external speaker
is employed, the jumper connection is removed and the external speaker

is connected between the EXT SPKR and GND terminals of TBZ.
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4.3 INJECTION CIRCUITS

4.3.1 General

The injection circuits of the HRO-600 Main Frame Assembly
supply (28 required) the 56-84 MHz first injection frequency (in 1 MHz
increments), the 5-4 MHz or 50-49 MHz second injection frequency,
and the 5 MHz (fixed or £3 kHz) BFO injection frequency to the signal-
path circuits., To provide these injection frequencies, the injection
circuits obtain (as required) 5-4 MHz, 5 MHz ECL {emitter-coupled
logic level), a 5 MHz FIXED BFO, and 45 MHz inputs from the fra-
quency control plug-in unit (Al) in use, and five logic inputs from the
MHgz encoder {A%). (Plug-in unit Al also supplies the CAL OUT signal,
which is applied to the metering circuit associated with front-panel
meter M1, During test or calibration of its internal frequency stand-
ard, the Al unit activates the CAL OUT signal in response to its 1-MHz
or 5-MHz EXT STD IN reference from an external frequency standard.
The EXT STD IN reference is routed through the Main Frame Assembly.
The theory of operation for the particular type of frequency control
plug-in unit in use is discussed in the supplementary technical manual
for that type of unit. In the case of the MHz selection circuits, the
theory of operation is discussed in paragraph 4,5 of this technical

manual, )

4,3,2 First Injection Circuits

When the HRO-600 is tuned for frequencies from l.g’ kHgz to 1 MHz,
the first injection synthesizer (A3) is disabled by rermoval of its switched
+18 vde power input. When the HRO-600 is tuned for frequencies from
1 MHz to 30 MHz, the first injection synthesizer (A3) is enabled by
application of its switched -+18 vdc power input. In the latter case, the
A3 module synthesizes the 56-84 MHz first injection frequency in 1 Milz




increments. Synthesis is referenced to the 5 MHz ECL input to A3,
The particular first injection frequency synthesized (56-84 MHz) is
determined by the 20, 21, 22, 23, and 24 logic inputs to A3. As the
MHz digit of the frequency to which the receiver is tuned is varied
from | to 29, these five logic inputs represent decimal digits 29
through 1, respectively, in straight binary form. In other words,
they represent the thirties complement of the MHz integer in straight

binary form.

The 56-84 MHg first injection output from A3 is applied to the
first injection output terminal (73-1) on the rear panel of the HRO-600,
Front-end module A2 obtains its 56-84 MHsz first injection input from
the first injection input terminal (J3-2) on the rear panel of the HRO-
600, When the HRO-600 is to supply its own first injection, terminals
73-1 and T3-2 are connected by means of an internal jumper. (The
HRO-600 is shipped from the factory with this jumper connected.) If
the first injection is to be supplied by an external source, the jumper

ig removed and the external source is connected to J3-2.

4,3.3 Second Injection Circuits

When the HRO-600 is tuned for fregquencies from ],E' kHe to 1 MHs,
the 5.00-4,00 MHz input from the frequency control plug-in unit ({Al) is
used directly as the 5,00-4,00 MHz second injection frequency, In this
case, the 5,00-4.00 MHz input is connected through relay assembly
Al5, passed through 6-MHz low-pass filter FL8, and connected through
relay assembly Al4 to the second injection output terminal (T1-2) on
the rear panel of the HRO-600,

When the HRO-600 ia tuned for frequencies from l,&an to 1 MHz=,
the second injection portion of the second inj&ctinnf af amplifier module
(Ab) is disabled by removal of its switched +18 vdc power input. In
addition, the 5,00-4.00 MHz input to the A6 module is disconnected by
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means of relay switching within the Main Frame Assembly, and the
45 MHz input to the A6 module is disabled within the frequency control
plug-in unit by removal of the switched +18 vdc power input to that unit,

When the HRO-600 is tuned for frequencies from 1 MHz to 30 MHz,
the second injection portion of the second injection/af amplifier module
(A6) is enabled by application of its switched +18 vde power input. In
addition, the 5-4 MHz input to the A6 module is connected by means of
relay ewitching within the Main Frame Assembly, and the 45 MH=
input to the A6 module is enabled within the frequency control plug-in
unit by application of the switched +18 vdc power input to that unit.

When the HRO-600 is tuned for frequencies from 1 MHz to 30 MHz,
the 5-4 MHg input from the frequency contrel plug-in unit (Al) is con-
nected through relay assembly Al5, passed through 6-MHz low-pass
filter FL6, and applied to the second injection/af amplifier module (A6).
In this case, the A6 module synthesizes the 50-49 MHs second injection
frequency, Synthesis is referenced to both the 45 MHz and 5-4 MH=
inputs to A6, The 50-49 MHz second injection output from Ab is passed
through 49-50 MHz bandpass filter FL9 and connected through relay
assembly Al4 to the second injection output terminal (J1-2) on the rear
panel of the HRO-600,

Regardless of the frequency to which the HRO-600 is tuned, the
gsecond injection output is applied to the second injection output terminal
(T1-2) on the rear panel of the HRO-600. Second mixer module A4
obtains its second injection input from the second injection input ter-
minal (T1-1) on the rear panel of the HRO-600, When the HRO-600
is to supply its own second injection, terminals J1-1 and J1-2 are con-
nected by means of an internal jumper, (The HRO-600 is shipped from
the factory with this jumper connected, ) If the second injection is to
be supplied from an external source, the jumper is removed and the

external source is connected to J1-1.
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When the Type 601 VFO (Search) Frequency Control Flug-In Unit is
in use, its 5-4 MHz input to the Main Frame Assembly varies in a con-
tinuous manner throughout ite range, When the Type 602 Synthesizer
Frequency Control Flug-In Unit is in use, its 5.0000-4,0001 MHz input
to the Main Frame Assembly varies either in 100 Hz increments (fully
synthesized operation) or in a virtually continuous manner (interpola-
tion between increments) throughout its range. When the Type 603
Fixed-Channel Frequency Control Plug-In Unit is in use, its 5-4 MHz
input to the Main Frame Assembly assumes any one of 12 switch-
selected frequencies, each of which can be preselected (through selec-
tion of 12 erystals) for any value from 4 MHz to 5 MHz; a control on
the front panel of the Type 603 permits moderate variation of each

erystal-controlled frequency.

4.3.4 BFO Ir_;jettinn Circuits

Each type of frequency control plug-in unit provides a 5 MHz
FIXED BFO output for the Main Frame Assembly of the HRO-600,
This input is applied to the BFO output terminal (J2-3) on the rear panel
of the HRO-600, The BFO and product detector assembly (Al0Q) obtains
its 5 MHz FIXED BFO input from the BFO input terminal {(J2-2) on
the rear panel of the HRO-600, When the HRO-600 ig to supply its own
fixed BFO injection, terminals J2-2 and J2-3 are connected by means
of an internal jumper. (The HRO-600 is shipped from the factory with
this jumper connected, ) If the fixed BFO injection is to be supplied
from an external source, the jumper is removed and the external source

is connected to J2-2,

When the HRO-600 is in either the A2 or A3 mode of operation,
the BFO and product detector assembly (AlQ) is disabled by removal
of a switched +18 vde power input via BFO ON-OFF switch, When the
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HRO-600 ia in the LSB, USB, or Al mode of operation, the BFO and
product detector assembly (Al0) is enabled by application of this switched
+18 vde power input. (During AZ or A3 operation, the audio input to

the af amplifier portion of the second injetﬁnnfaf amplifier module (A&)
is obtained from the AM (envelope) detector of the second i-flage

module (A5). During LSB, USBE, or Al operation, the audio input to

the af amplifier portion of the second i.njer:tinnfaf amplifier module [(Ab)
is obtained from the product detector of the BFO and product detector

aggembly (Al0). )

During LSE and USB operation, the "BFO" portion of the BFO
and product detector assembly (Al0) merely functions as an amplifier
for its 5 MHz FIXED BFO input., For Al operation, the 5 MHZ FIXED
BFO mignal is electronically disconnected (by application of a second
switched +18 vdc power input) within AlD, In this case, the BFO portion
of AlD functions as an oscillator with a nominal center frequency of
5 MHz, which can be varied approximately 43 kHz by means of the BFOQ
control (R18) on the front panel of the HRO-600. For A3, A2 operation
the BFO is turned OFF by pulling out the PITCH CONTROL knob.

4,4 AGC CIRCUITS

The second i-f/AGC module (A5) provides three AGC outputs
(AGC REF, 5 MHz AGC, and RF AGC) to control the gain of the appli-
cable signal-path circuits, Both AGC REF and 5 MHz AGCU outputs
are applied to the A5 module itself as inputs. The RF AGC output is
connected to the AGC OUT terminal of TB1 on the rear panel of the
HRO-600, Module A5 obtains its RF AGC input (from which its 5 MHz
AGC output is developed) from the AGC IN terminal of TBIl on the rear
panel of the HRO-600, When the HRO-600 ia to supply its own RF AGC
input, the AGC IN and AGC OUT terminals of TBl are connected to-
gether by means of a jumper. (The HRO-600 is shipped from the [actory
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with this jumper connected,) If the RF AGC input is to be supplied
from an external source, the jumper is disconnected and the external
source is connected to the AGC IN terminal of TBl. The AGC IN
terminal of TBl is connected to the metering circuit associated with

front-panel meter M1,

The 5 MHz AGC and AGC REF outputs from the second i-f/age
module (A5) are applied to the second mixer module (A4). Inductor L4
and capacitors €13 and C25 decouple the AGC REF input at A4, Induc-
tor L5 and capacitor Cl4 decouple the 5 MHz AGC input at A4,

The internally generated RF AGC output from the second i-ffage
module (A5) is derived in one of four ways. When more than one way
is in use, the higher or highest level {which corresponds to the lower
or lowest rf gain) controls rf gain. The four levels involved are the
automatic-gain-control (age) level, the manual-gain-control (mge) level,
and either the muting level or the listen-thru level. AGC level is en-
abled or disabled by the front-panel AGC control (54). MGC level is
always determined by the setting of the front-panel RF GAIN control
(R16). Muting or listen-thru level is dependent upon external connec-
tions (if any) made at the rear panel of the HRO-600, These connec-
tions are described in paragraphs 2.5.2 and 2,5, 8,

4,5 MH=z SELECTION CIRCUITS

The MHz selection circuits determine the rf band (if any) assigned
to rf preselector All and the first injection frequency (if any) generated
by first injectlon synthesizer A3, These circuits include the MHz
SELECT control (56), the MHz indicator with its associated micro-
switches (57 and 510), the MHz encoder (A9), the motor {Bl) with ita

associated control wafer {S8), and the motor control assembly [Al7).
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The rf preselector band (if any) and the first injection frequency |
{if any) are determined by the setting of the MHz SELECT control (S6), .
{Note that the 24-position S6 control has 35 distinct settings, ae dis-
played by the MHz indicator.) The positions of the MHz SELECT con-
trol (56) and of microswitch 510 on the MHz indicator determine which
one of the 35 MHz selection lines is grounded.

The positions of the MHz SELECT control {86) and of microawitch
57 determine whether the HRO-600 is tuned for a frequency above or
below 1 MHz, In this case, the VLF/HF control signal for relay as-
semblies Al3, Al4, Al5, and Al6 is obtained from S6C,

The six MHz selection signals representing rf bands below 1 MHsz
are applied directly to the motor control wafer (58). The 29 MH=
selection signals representing rf bands above | MHz are applied to the
MHz encoder (AY9). This encoder provides 15 band-selection signals
representing rf bands above 1 MHz for the motor control wafer (S8).

The preselector less-than-octave rf bands above 1 MHz are
encoded into octave or [16-30MHz) slightly less than octave bands,
This iz accomplished by connecting the appropriate output lines from
the MHz encoder {A9) together in "wired-or" groups.

In addition to its band-sgelection inputs, the motor control wafer
(S8) obtains a bypass control input from the PRESELECTOR control
switch {S5), When 55 is in the OFF position, the rf preselector is set
so that all of its tuned circuits are bypassed, When 55 is in the ON
position, the rf preselector is set so that the tuned circuit correspond-
ing to the desired rf band is comnmected into the signal path, The satting
of the preselector is controlled by the motor (Bl), which obtains its
input from the motor control assembly (Al7) to which the motor control

gignal output from S8 is applied.
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In addition to providing 15 band-selection outputs for the motor
control wafer (S8), the MHz encoder (A9) provides five control outputs
for the first injection synthesizer (A3), These five outputs determine
the first injection frequency (86-84 MHz in | -MHz increments) gener-
ated by A3, The 2°, 2!, 22, 23, and 29 control signals encode the
thirtles complement of the MHz integer (1-29) of the frequency to which
the receiver is tuned in straight binary form. As the MHsz Integer is
varied from 1 to 29 MHz (in 1-MHg increments), the encoded numbear
varies from 29 to 1 and the firat injection frequency varies from 56

to 84 MHz.

4.6 POWER-SUPPLY CIRCUITS

The power-supply circuits of the HRO-5600 operate from a primary
ac power source of 115 vac £10%, 230 vac £10%, 47 to 420 Hz, 60 watts.
They provide all power required by an HRO-600 equipped with any combi-

nation of optional internal accessories.

The primary ac power source is connected to power connector J5
on the rear panel of the HRO-600 via the power cable supplied with the
receiver, Each side of the input power line is fused by a 3-ampere
slo-blo fuse (Fl or F2). For each position of the front-panel MODE
control (51) except the OFF position, fused primary ac power is applied
to power transformer T3, (Transformer T3 can be wired for either
115-vac operation or 230-vac operation. The HRO-600 is shipped from
the factory with Tl wired for 115-vac operation, )

The four secondary windings of power transformer T3 provide
two 19-vac rms outputs, one 42-vac rmas output, and one 375-vac rms
output. From the two 19-vac outputs, the power supply regulator as-
sernbly (A7) and its associated circuitry (Ql and Q2, Rl and R2, CI
and C2) develop -5 wdc and 45 vde power outputs, From the 42-vac
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output, the power supply regulator assembly (A7), the diode rectifier
assembly (Al8), and their associated circuitry (Q3 and Q4, R3 and C3)
develop two +18 vde power outputs, From the 375-vac output, the
power aupply regulator assembly (A7) develops +125 vdec and +250 vdc
power outputs whenever the front-panel MODE control (Sl1) is in any
position except the OFF or STANDBY pogition,

The +250 vde power output is applied {through resistors R11 and
R12) only to the frequency contrel plug-in unit {Al). Within the Type
601 VFO (Search) Unit, it is used to power the kHz display., It is not
used in the Type 602 Synthesizer Unit or the Type 603 Fixed-Channel
Unit,

The +125 vdc power output is applied only to the first injection
synthesizer (A3) and the Type 602 synthesizer unit when used. Capac-
itor C27 provides decoupling at A3.

The +26 vde power output present at terminal 2 of the power aupply
regulator assembly (A7) is applied to the motor control assembly (Al7)
and the motor (Bl) of the Main Frame Assembly, and to the frequency
control plug-in unit (Al), Within each type of irequency control plug-
in unit, this output powers the oven that temperature-stabilizes the
crystal-controlled frequency standard., (Type 602 does mot use oven

stablization, )

The +18 vde audio power output obtained from the diode rectifier
assembly (AlB) is employed whenever the front-panel MODE control
(51) is any position except the OFF or STANDBY position, During oper-
ation of the HRO-600, it is applied to the speaker preamplifier of the
second injection/af amplifier module [Af&), to the speaker amplifier
(Al9), and te relay assemblies Al3, Al4, Al5, and Al6, Capacitor
Cl2 provides decoupling at A6,
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The +18 vde power output present at terminal 1 of the power
supply regulator assembly (A7) is applied as required to various com-
ponents of the Main Frame Assembly and to the frequency control plug-
in unit (Al), As shown in Figure 5-7, appropriate switching and de-

coupling are provided.

The 45 vdc power output present at terminal 8 of the power supply
regulator assembly (A7) and the -5 vdc power output present at ter-
minal 10 of the power supply regulator assembly (A7) are applied to
various components of the Main Frame Assembly and to the frequency
control plug-in unit (Al). As shown in Figure 5-7,, appropriate de-
coupling is provided.
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SECTION 5

MAINTENANCE

5.1 INTRODUCTION

The following paragraphe of this section describe maintenance
procedures for the Main Frame Assembly of Radio Receiving Set
HRO-600, Maintenance procedures for major accessories used with
the HRO-600 are described in supplementary technical manuals,.

Note

The procedures contained in this section are the
maximum which should be attempted in the field
with limited test equipment. The referenced
extender cards, cables, alignment tools, ete.,
can be ordered from National Radic Company,
Inc,, in the form of maintenance kit MK-1,
Troubleshooting to piece part level should be
atternpted only in a well-equipped maintenance
laboratory.

A detailed field service manual is available on
special order, to enable qualified techniciana
to locate faulty components on complex sub-
assemblies, Defective subassemblies may be
returned to the factory or to authorized service

stations for analysia and repair.
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The following list of test equipment is recommended for main-
tenance and troubleshooting:

a, DC Voltmetar: 20,000 1i/V, VOM or VTVM

b. RF Voltmeter: Boonton 91CA or egquivalent

¢. RF Signal Generator: Hewlett- Packard HP-606A or equivalent
d. Oscilloscope: Tektronix 585 or equivalent

e, Audio Power Meter: Bl to 1 watt
5.2 ALIGNMENT

§.2.1 General
CAUTION

When using the card puller to remove the four
printed circuit cards listed below, additional
coaxial connectors must be disconnected before
the cards can be removed completely., The
cables are long enough to allow the use of

the extender card without disconnecting the

coaxial cabhles, The carde are:?

First-Injection-Synthesizer (A3)
Second Injection/AF Amplifier (A6)
Second Mixer (A4)

Front End (AZ)

Alignment of the HRO-600 Main Frame Assembly consists of

aligning the following components:

a. Power Supply Assembly A7)
b. Firat Injection Synthesizer (A3}



c. Second Injection/AF Amplifier Module [(A6)

d. Bandpass Filter (FL9)

e. Bandswitch Drive Motor (Bl)

f. RF Preselector (All), Type 640 Tunable Preselector

g. Front-End Module (A2), Second I- F/AGC Module [AS),
and AGC Meter Sensitivity Contrel (R23)

h. BFO and Product Detector Assembly (AlD)

Locations of internal controls are shown in Figures 5-1, 5-2,
and 5-3. To permit adjustment of the controls mounted on the front-
end module (A2), the second i-f/AGC module (A5]), the second lnjactim,:"'
af amplifier module (Af), and the first-injection-synthesizer module
(A3), an extender card must be used. (See note under paragraph 5.1.)
Remove cover plates as necessary and use extender card ag necessary
or convenient when aligning the Main Frame Assembly. All special

alignment tools required, are contained in maintenance kit ME-1.

5.2.2 Power Supply Alignment

To align the power supply assembly (A7), proceed as follows:
MNote

Any de voltmeter with an accuracy of £3 per-
cent and an impedance of 1000 /v, or more,

ism adequate.

a. Connect dc voltmeter {set for scale of 25 vdc or greater)

betweaen XA7-1 (+) and chassis ground (-).

b. Adjust potentiometer ATALR6C for reading of 18 vdc on

de voltmeter,

. heconnect de voltmeter.
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Figure 5-3,

HRO-600, Modules Requiring
Extension
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d. Connect de voltmeter (set for scale of 10 vde or greate r)

between XA7-8 (+) and chassis ground (-).

e. Adjust potentiometer ATAIREB for reading of 5 vde on de

valtmeter,
f, Disconnect dc voltmeter,

g. Connect dc voltmeter {set for scale of 10 vdc or greater)

betwean XAT7-10 {(-) and chassis ground (+).

h. Adjust potentiometer ATAIR6A for reading of 5,5 vde on

de voltmeter,

i, DMsconnect dc voltmeter.

5,2.3 First-Injection-Synthesizer Alignrnent

To align the first-injection-synthesizer module {A3) procead as

follows:
Mote

Any de voltmeter with an accuracy of #5
percent and an impedance of 1000 9/V is

adequats,

a. Connect dc voltmeter (set for scale of 100 vde or greater)
between test point terminal {+) of 10 K isolation resistor (A3R27) and
chassis ground (-). (See Figure 5-1.)

b. Set front-panel MHz SELECT control for reading of 29
MHz on front-panel MHe indicator,

Mote

To adjust inductor A3L3, use Micrometals
Tool A or its equivalent,
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c. Adjust inductor A3L3 for reading of 75 vde to 80 vdc on

de voltmeter.

d. DHMepconnect de voltmeter.

5,2,4 Second Injection/AF Amplifier Alignment

To align the second injection/af amplifier module (A6), proceed

as [ollowa:
MNote

To align second i.njautinn,.l"a! amplifiar module

{A6), an extender card ia required.
a, Tune HRO-600 for frequency of 1,500,0 kH=,

b. Connect rf voltmeter {get for scale of 3 vac rms or greater)
between junction of resistors A6R19, A6R20, and A6RZ], and chassis

ground,
Note

To adjust inductor ABLI0, use Micrometals
Tool A or its equivalent.

c. Adjust inductor A6L10 for maximum reading on rf voltmeter.

Voltage reading should be approximately 1 vac rms.
d, DHMeconnect #f voltmeter.

e, Connect alectronic voltmeter (set for scale of 10 vdc or
greater) between junction (4) of R5, R8, R9, R10, and L4 and chassis

ground (-},
Note

To adjust inductor A6L3, use Micrometals

Tool A or its equivalent.
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f, Adjust inducter AGL3 for reading of 5.5 vde on electronic

voltmetar.
MNote

If reading on electrenic voltmeter fluctuates
during performance of following step g or h,
re-adjust inductor A6L3 to eliminate fluctu-

ation.

g. Tune HRO-500 for frequency of 1,000.0 kHz, and verily
that reading on electronic voltmeter remains steady {it will be higher
than 5.5 vde).

h. Tune HRO-600 for frequency of 1,999.9 kHz, and verify
that reading on electronic voltmeter remains steady (it will be lower
than 5.5 wde).

i. Disconnect electronic voltmeter.

5.2.4.1 Bandpass Filter {(F19) Alignment

To align the bandpass filter (FL9), procesd as follows:

a., Tune the recelver to any band above | MH=z and a frequency
of 00,7500 MHs.

b, Connect a patch cable (part of maintenance kit MK- 1) to

J1-2 on the rear panel, and to a high impedance rf vtvm,

c. Adjust the three tuning slugs on FL9 for maximum indica-
tion on the rf vivm,

d, Disconnect the patch cable,

5-9



5.2.5 Bandswitch Drive Motor Alignment

MNote

The positioning scheme used causes the contact
on the motor positioning switch (see Figure 5-2)
ta be off-center, since the motor stops immed-
iately after the contact is broken. The purpose
of this alignment procedure is to make this
non-centered condition of the motor positioning
contact correspond to a centered condition of

the preselector bandswitch contact,

Refer to Figure 5-4 to locate preselector band-
switch contacts when in the ''preselector off"

condition.
To align the bandswitch drive motor (Bl), proceed as follows:

a, Set PRESELECTOR ON-OFF switch on front panel of
HRO-600 to OFF, the MODE switch to OFF, and disconnect the ac

line from the rear panel,

b, MNote the position of the preselector bandswitch rotor.
It should be as illustrated in Figure 5-4, If not, loosen {do not remove)
the two cross-recessed screws and nuts that secure the switch brackets.
Turn the motor positioning switch wafer in the direction opposite to
that in which you want the bandswitch to go (the bandswitch is viewed
from the top; the motor positioning switch from the bottorn), Tighten

the gerews and nutsa,

c. Reconnect the ac line and set the MODE switch to any

operating position.

d. Cycle the positioning cireunit by setting the PRESELECTOR
ON-OFF switch from OFF to ON, then OFF, Check that the bandswitch

rotor contact is centered, If not, repeat steps (a) through (d).



POSITION OF PREGELECTOR BANOSHWITCH
FOTOR WITH PRESELECTOR CON-COFF
SW/TCH SET 7O OFF.

Figure 5-4, Orientation of Bandewiteh Positions

5.2,6 RF Preselector Alignment

To align the rf preselector, proceed as follows:

a, Depress 500 ANT, gelection pushbutton on front panel of
HRO-600. Make gure that this pushbutton remains depressed, and
that remaining two ANT. selection pushbuttons (-20 dB and HI-Z) are

released (not depressed),

b, Depress RF IN METER selection pushbutton on front
panel of HRO-600. Make sure that this pushbutton remains depressed,
and that remaining two METER selection pushbuttons (CAL and AF
LINE) are released (not depressed),
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c. Set PRESELECTOR ON-OFF switch on front panel of
HRO-600 to ON position.

d. Rotate TUNE control on front panel of HRO-600 fully

counterclockwise, and then rotate this control 20 degrees clockwise,
e. Set AGC control on frent panel of HRO-600 to ON position,

f, Rotate RF GAIN control on front panel of HRO-600 fully
clockwine,

g. Connect output from 500 rf signal generator to ANT. con-
nector (T8) on rear panel of HRO-600.

h. Set up signal generator and HRO-600 for 30 MHz by per-
forming following substeps h{l) through hi5).

(1) Tune HRO-600 for reception of 30,0000 MHz signal.

(2) Set signal-gensrator cutput frequency at i0 MHz,

as indicated by signal generator,

{3) Adjust signal-generator cutput level for mid-scale
reading of LEVEL meter on front panel of HRO-600.

(4) Adjust signal-generator output frequency for maxi-
mum reading on LEVEL meter, (Reduce signal-generator output

level as necessary to maintain meter reading on scale, )

{5} Re-adjust signal-generator output level for mid-scale

reading on LEVEL meter,

21
i. Adjust capacitor C+% for maximum reading on LEVEL
meter. (Reduce signal-generator cutput level as necessary to main-

tain meter reading on scale. )
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j. Set up signal generator and HRO-600 for 16 MHz by par-
forming preceding substeps h(l) through h(5) for 16,0000 MHz (16 MH=z)
instead of 30,0000 MHz (30 MH=).

i MNote

To adjust inductors Al1L3 through AlILI1O,

! use Micrometals Tool A or its equivalent,

e k. Alternately adjust inductors A11L9 and A11L10 for maxi-
mum reading on LEVEL meter. (Reduce signal-generator output level
i as necessary to maintain meter reading on scale,) After completion

of adjustmenta, A11L9 and Al1L10 should be in approximately the same

relative positions,

1. Repeat performance of steps h through k until no further

maximization of LEVEL meater reading can be attained.

i m. Set up signal generator and HRO-600 for & MHz by per-
forming preceding substeps h(1) through h(5) for 8.0000 MHsz (8 MHz)
ingtead of 30,0000 MH= (30 MH=z).

n. Alternately adjust inductors Al1L7T and All1LSE for maxi-

i mum reading on LEVEL meter. (Reduce signal-generator output level
a8 necessary to maintain meter reading on scale.) After completion

f : of adjustments, Al1L7 and Al1L8 ghould be in approximately the same

relative positions,

'-_1 0. Set up signal generator and HERO-600 for a 4 MHz by per-
forming preceding subatepa h{l) through h(5) for 4,0000 MH=z (4 MHz)
instead of 30,0000 MHz (30 MH=z).

i p. Alternately adjust inductors Al1L5 and AllL6 for maxi-

4 mum reading on LEVEL meter. (Reduce signal-generator output level
as necessary to maintain meter reading on scale.] After completion

1 of adjustments, Al1L5 and Al1L6 should be in approximately the same
relative pogitions.
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q. Set up signal generator and HRO-600 for 2 MH=z by per-
forming preceding substeps h(l) through h({5) for 2.0000 MH= (2 MHz)
instead of 30,0000 MHz (30 MHz).

r. Alternately adjust inductors AI1L3 and AllL4 for maxi-
mum reading on LEVEL meter, (Reduce signal-generator output level
as necessary to maintain meter reading on scale,) After completion of
adjustments, All1L3 and All1L4 should be in approximately the same

relative positions.
Note

No alignment of rf bands below 2 MHr is

required,

s, Disconnect rf signal generator,

5.2.7 Front End, Second I-F, and AGC Alignment

To align the front end module {AZ), the second i-f/agc module
{A5), and the agc meter sensitivity control (R23), proceed as follows:

MNote

To align A2 and A5 modules, an extender card

is requirad,

a. Depress 5000 ANT, Selection pushbutton on front panel of
HRO-600, Make sure that this pushbutton remains depressed, and
that remaining two ANT, selection pushbuttons (-20 dBE and HI-Z) are

released (not depressed),

b, Depress SLOW AGC DECAY gelection pushbutton on front
panel of HRO-600, Make sure that this pushbutton remains depres gad,
and that remaining two AGC DECAY selection pushbuttons (MED and
FAST) are released (not depressed),
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c. Depress RF IN METER gelection pushbutton on front panel
of HRO-600, Make sure that this pushbutton remains depressed, and
that remaining two METER selection pushbuttons (CAL and AF LINE)

are released (not depressed).

d. Set PRESELECTOR control on front panel of HRO-600 to
ON pogition,

e. Set MODE switch on front panel of HRO-600 toe WIDE

position.

f. Set AGC switch on front panel of HRO-600 to ON position.

g, Rotate RF GAIN control on front panel of HRO-600 fully
clockwise,

h. Disconneect normal RF AGC input lead from terminal
XAZ-4,

i. Connect 8-15 vde variable dc power supply capable of
delivering output current of 1 mA between terminal HAZ-4 (4) and

chassis ground (-).
Note

During performance of following steps,
voltage output from variable dc power
supply must be measured within accuracy

of #5 percent.

j. Connect output from 50-ohm rf signal generator to ANT.
connector (TB) on rear panel of HRO-&00,

Mote

During performance of following steps,
rf output from signal generator must be

measured within accuracy of 2 dB,
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k. Rotate rf-amplifier agc-attack-threshold control (A2ZR20)
fully counterclockwise.

1. Adjust variable dc power supply for +8.0 vde output,

m, Set up signal generator and HRO-600 for 5,75 MHz by per-
forming following sub-steps m(l) through m(5).

(1) Tune HRO-600 for reception of 5.7500 MHz signal,

(2) Set signal-generator output frequency at 5.75 MHgz, as
indicated by signal generator,

(3) Adjust signal-generator cutput level for mid-scale
reading of LEVEL metar on front panel of HRO-600,

(4) Adjust signal-generator output frequency for maximum
reading on LEVEL meter. (Reduce signal-generator output level as

necessary to maintain meter reading on scale.)

(5] Readjust signal-generator output level for mid-scale
reading on LEVEL meter,

Note
To adjust inductors AZL]1 and ASLH, use
Micrometals Tool A or its equivalent, To
adjust three tuning slugs on firast i-f filter

(A2FL1), use Cambion Alignment Tool

1970-1 or its equivalent,

n. Alternately adjust firet i-f amplifier tuning control (AZLL)
and three tuning slugs on first i-f filter (A2FL1) for maximum indica-

tion on front-panel LEVEL meter.
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Mate

Peak of bandpass characteristic adjusted by
second i-f amplifier tuning control (A5LB}

ig relatively broad,

o. Adjust second i-f amplifier tuning control (A5LB) for masxi-

mum indication on front-panel LEVEL meter.

p. Set MODE awitch on front panel of HRO-600 to USB (black)

pogition,

g. Depress AF LINE METER selection pushbutton on front
panel of HRO-600, Make sure that this pushbutton remains depressed,
and that remaining two METER selection pushbuttona (RF IN and CAL]}

are released (not depressed).
MNote

During performance of following steps r through
aa, nominal | kHz audio tone can be monltored
by internal or external speaker or external head-
phones, Adjust AF GAIN control on front panel
of HRO-600 as desired for comfortable listening

level,

r. Increase mignal-gensrator output frequency unit audio tone

with nominal frequency of 1 kHz i{s detect ed,
8. Set signal generator for output level of 1.0 4V rmas.

t. Adjust LINE LEVEL control on front panel of HRO-600
for 600 2 LINE LEVEL dBm reading of 0 on front-panel LEVEL mater.

u. Adjust varlable de power supply for +15.0 vde output,

v. B&et gignal generator for output level of 1.8 mV rms.



o

e 1

w. Adjust age compensation control (A2R16) for 6000 LINE
LEVEL dBm reading of 0 on front-panel LEVEL metar,

%, Set signal generator for output level of 500 uV rmas.
v. Adjust variable de power supply for +11.8 vdc output.

z. Adjust rf-amplifier agc-attack-threshold contrel (AZR20)
so that 6000 LINE LEVEL dBm reading on front-panel LEVEL meter

just barely decreases.

aa, Repeat performance of preceding steps u through = as

necessary to optimize both adjustments,
ab, Disconnect varlable dc power supply from HRO-600.
Note

During performance of following step ac,
make sure that normal RF AGC input lead

remains connected to terminal XAZ-13,
ac, Reconnect normal RF AGC input lead to terminal XA2-4,
Note

LINE LEVEL control on front panel of HRO-
600 may be used to facilitate measurements

made with external audio power meter,

ad, Connect external 600-chm audio power meter between
two outer G000 terminals of TBl on rear panel of HRO-600,

Mote

During performance of following steps, make
sure that no plug in inserted into PHONES
jack on front panel of HRO-600,
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ae. Connect vertical input of oscilloscope (set for internal
sweep) between EXT SPKR and GND terminals of TBZ on rear panel
of HRO-600,

MNote

During performance of following asteps, it is
recommended that nominal 1 kHz audio signal
displayed by oscilloscope also be monitored
by means of a speaker (elther the internal
HRO-600 speaker or an external one).

Adjust AF GAIN control on front panel of
HBO-600 ag desired for comfortable listening

leveal,

af, Set basic agc-attack-threshold contrel (ASR30), age-
attack-time-constant control (A5R34), and agc-loop-gain control

{(ASR37) to their respective mid-positions.

ag. Depress RF IN METER selection pushbutton on front
panel of HRO-600, Make sure that this pushbutton remains depressed,
and that remaining two METER selection pushbuttons (CAL and AF
LIMNE) are released {not depressed).

ah, Adjust 50-chm rf signal generator for output level of
0,0 uV rms (zero output lavel).

ai. Adjust agc S-meter zero control (A5R41) for RF IN
reading of 0 on front-panel LEVEL meter,

aj, Depress RF IN METER selection pushbutton on front
panel of HRO-600, Make sure that this pushbutton remains depressed,
and that remaining two METER selection pushbuttons (AF LINE and

CAL) are released (not depreased).
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ak. Adjust 50-chm rf signal generator for output level of
1.5 pV rma.

al, Adjust basic agc-attack-threshold control (A5R30) so
that RF IN reading on front-panel LEVEL meter just barely rises

above 0 level, Record reading on external audio power meter.
Mote

After reading has been recorded, do not change
setting of front-panel LINE LEVEL control
until after completion of following step ap.

am. Adjust 50-chm rf signal generator for output level of

500 uV rmas.

an. Adjust rf-amplifier age-attack-thresheld control (AZR20)
g0 that RF IN reading on front-panel LEVEL meter just barely de-

creaases,

a0, Adjust 50-chm rf signal generator for output level of

1.5 V rmas.

ap. Adjust agc-loop-gain control (ASR37) so that reading on
external audio power meter is 9 dB greater than that recorded during

performance of preceding step al.

ag. Repeat performance of preceding steps ag through ap as

necessary to optimize all four adjustments.
MNote

During adjustment of age attack time constant,
it is recommended that internal oscilloscope
sweep speed be set for 5 msec/em, At this
setting, audio display will tend to ''fill in'',
and thus facilitate time-constant measure-

ment,
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ar. Adjust 50-ohm rf signal generator for output level of
1,5 uV rmas,

Moba

Prior to performance of following step as,
make sure that audic signal diaplayed by
oscillogcope is at stable level (that is, that

any decay time has elapsed).

as., Remove signal generator output and observe oscilloscope
digplay to determine age attack time constant. Increase signal-
generator output level to 1,5 mV rms and rapidly put generator output
into the receiver. Agc attack time constant is measured from point
at which audio signal (after less rapid decrease) again assumes stable

level. Value of this time constant should be approximately 15 msec,

at, Alternately adjust agc-attack-time constant control (A5R34)
and repeat performance of preceding steps ar and as untll age attack

time constant of approximately 15 msec is achieved,

au., Repeat performance of preceding steps ag through at as

necegsary to optimize all five adjustments.

av, Adjust 50-ohm rf signal gemerator for output level of

1.5 m¥V rma.

aw, Adjust agc meter sengitivity control (R23) for RF IN
reading of 60 dB on front-panel LEVEL meter,

5.2,8 BFO and Product Detector Alipnment

To align the BRFO and product detector assembly (AlQ), proceed

an followa:

a. Set MODE switch on front panel of HRO-600 to NAR or
V, NAR position.
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b. Set BFO control on front panel of HRO-600 to 0 position,

¢, Tune HRO-600 for reception of any available transmitted

carrier frequency.
Mote

To adjust inductor AIOLI, use Micrometals
Tool A or ils equivalent.

d. Adjust inductor Al10L] for zere beat, as monitored by
speaker (either internal or external) or headphones.
5.3 TROUBLESHOOTING

Field troubleshooting of the HRO-600 Main Frame Assembly con-
sists of isolating a trouble to a defective assembly, to a defective
chassis or panel component, or to defective wiring. The HRO-600

contains either 17 or 18 electronic assemblies, which are as follows:

a. Frequency Control Plug-In Unit (Al), Type 601, Type 602,
or Typa 603,

b, Front End Module (AZ)

¢. First Injection Syntheaizer Module {A3)

d. Second Mixer Module (A4)

e, Second I-F/AGC Module (A5)

f, Second Injection/AF Amplifier Module (A6)

g. Power Supply Module (AT)

h. Optional Type 650 FSK Converter Module {AB)
i, MHz Encoder Assembly (A9)

BFO and Product Detector Assembly (AlD)

e
u
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k. RF Preselector (All)

l. Speaker Amplifier Assembly (Al2Z)
m. Relay Assembly (Al3)

n, Relay Assembly [(Al4)

o, Relay Assembly (Al5)

p. Relay Assembly (Alé)

q. Motor Control Assembly (Al7)

r, Diode Rectifier Assembly (Al8)

Troubleshooting of each of the three different types of frequency control
plug-in unit is discussed in the supplementary technleal manual for the
particular unit, Whenever any of the remaining 16 or 17 electronic
assemblies is found to be defective, it should be returned to National
Radie Company, Inc,, or to the Company's authorized representative,,

for troubleshooting and repair.

The basic troubleshooting references provided in this technical
manual are the servicing block diagram of Figure 5-7 and the parts-
location illustrations of Figures 5-1 and 5-2. A thorough knowledge
of the theory of operation presented in Section 4 of this technical manual
is highly desirahle (if not absolutely easential) for effective trouble-
shooting, (The theoretical discussion is also referenced to Figure 5-7.)
Refer to Section 4 as necessary during performance of troubleshooting

procedures,

Voltages and, where applicable, voltage waveforms are speci-
fied in Fipure 5-7 for all key test points. In addition, Figure 5-7
apecifies applicable tolerances, and the type(s) of test agquipment

required for each measurement, For troubleshooting of the major




portion of the signal-path circuits of the HRO-600, a combination of
signal substitution and signal tracing is recommended. Accordingly,
signal-substitution values are specified for the applicable signal-path

circuits in Figure 5-7.

To check for defective wiring (short circuits or open circuits), it
will sometimes be necessary or desirable to make continuity checks
with an ohmmeter, Prior to making any such checks, de-energize
the HRO-600 by rotating the MODE switch on the front panel of the
Main Frame Assembly to the OFF poesition,

In some cases, a trouble may be due to misalignment of circuits
on the HRO-600 Main Frame Assembly, Alignment procedures are
given in paragraph 5. 2,

Repair of the HRO-600 Main Frame Assembly is discussed in
paragraph 5, 4,

5.4 BREPAIR

Field repair procedures applicable to the HRO-600 Main Frame
Assembly involve straightforward removal and replacement of elec-
trical and electronic components and electronic assemblies, and cor-
rection of defective wiring. To facilitate replacement, tag all dis-
connected leads whenever any wired-in electronic assembly is removed.
Parta-location information for the HEO-600 Main Frame Assembly is

shown in Figures 5-1 and 5-2,

To remove and replace the MHz encoder (A9}, it is necessary to
remove first the three shafts leading from the front-panel ANT.
{antenna) selection pushbuttons (HI-Z, -20 dB, and 500) to the aszso-
ciated switches. These shafts are disengaged by removal of cotter

pins located near the rear of the front panel,



CAUTION

When dismounting the rear panel of the HRO-
600, take care not to exert any strain on

interconnecting wiring.

To remove and replace power-supply regulator tranaistors Ql
through O4, it is necessary to dismount first the rear panel of the
HRO-600 and then the black terminal-astrip cover on this panel.

CAUTION

When removing or replacing the rf pre-
selector (All), lift straight up or push
straight down to prevent exertion of
undue strain on bandswitch shaft and/or
bandswitch,

Within the Main Frame Assambly of the HRO-600, two spring-
loaded string devices are employed., One provides mechanical coupling
between the MHz SELECT control and the MHz indicator on the front
panel of the Main Frame Asgsembly. The other provides mechanical
coupling between the tuning shafts associated with the TUNE control
on the front panel of the Main Frame Assembly., Correct routings
of the MHz and tuning string drives are shown in Figure 5-5 and 5-6,

respectively,

5-25




5-26

Figure 5-5, MH=z Select String Drive Routing

ROUTING WHEN MKz INDICATOR REALS /3.




2 TIMES
AROUND SHAFT

STRING ROUTING WITH TUMNING CQPRCITOR
SO, MESHED

Figure 5-6, Preselector Tuning String Drive
Routing
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Assembly, Servicing Block Diagram
(Sheet 2 of 4)
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SECTION o

PARTS LIST

6,1 INTRODUCTION

This parts list identifies all assemblies, subassemblies and
chassis-mounted components of maintenance significance for the Maln
Frame Assambly of the National Radio Company, Inc,, (NRCI) manu-
factured Radio Recelving Set HRO-600, The parts list for major ac-
cessories used with the HRO-600 are contained within supplementary

technical manuals.

6.2 PARTS LIST

Ref, Des. Name and Identification Fig. No.
Receiver Agsy: NRCI dwg A48177Gl1 1-1

Al Frequency Control Assy, VFO: NRCI dwg 5-3
A48100G1

AZ Fromt End PC Beoard: NRCI dwg D48300G1 5=3

A3 MHgz Synthesizer PC Board: NRCI dwg 5-3
D484480G1

A4 2nd Mixer PC Board: NRCI dwg D48079G1 -3

A5 2nd IF/AGC PC Board; NRCI dwg D48295G1 5=3

Ab Z2nd INJ/AF Amplifier PC Board: NRCI 5.3
dwg D480TEGI

AT Power Supply & Filter Assy: NRCI dwg 5-3
C48223G1

ATAI PC Board: NRCI dwg D48298G1 5-1

ATAZ Component Board: NRCI dwpg D48217G1 5-1

All Tunahble Preselector PC Board: NECI 5-3

dwg E48360G1
Chassis Asay: NRCI dwg A48451G1

AR Nat Used (Optional Equipment)

A9 MHz Encoder PC Board: NRCI dwg a=1
E48289G1

Al BFO & Prod Det PC Board: NRCI dwg 5-2
C482840G1



Ref, Des, Name and Ideatification Fig. Ma.

Al2 Speaker Amplifier PC Board: NRCI dwg 5-3
C4R54305G1
Al3 Relay Assy: NRCI dwg A48429G1 5-2
Al4 Relay Assy: NRCI dwg A4B429G2 5-2
AlS Relay Asasy: NRCI dwg A484290G3 5=2
Alb Relay Assy: NRCI dwg A48429G4 5-2
ALT Motor Control Assy: NRCI dwg B48495G1 5-2
ALR Diode Assy: NRCI dwg B48496G1 5=2
Al9 Low Pass Filter Asay: NRCI dwg B48570G1 5-2
Bl Motor: NBCI dwg A48507-1 5=1
Cl thru 4 Capacitor; Erie type 5815-000Y5UD1042 2=-1%
C5,8, 10, 14, 5.2
16, 17, 25,
28, 36, 37
o, T,9,11, Capacitor: Erie type B05-000-X5V01032 5-2
12, 13, 15
43, 44, 2.1
47 thru 55,
Cl8 Capacitor: Preselector tuner 5=1
C19, 20, 22 Capacitor; MIL type DM10CI100J0500WV4CR 5-1
Czl Capacitor: Erie type 538002ZA 5-1
C23,24 Not Used
C26,27, Capacitor: Erie type B01-000-X5F0102K -2
29 thru 35
C38 thru 40 Mot Used
C41,42, 45, Capacitor: Erie type 811-000-Z254-103M 2=-1%
46
CR1,2 Mot Used
CR3, 4 Semiconductor: MIL type 1N3064 5-2
D51, 2 Lamp: Type 509 2-1
D53, 4 Lamp: NRCI dwg A48241 5-1
Fl,2 Fuse: Littlefuse type 1AG 2-1
FL1 Filter: NRCI dwg A48506-6 5-1
FL2 Filter: NRCI dwg A4B8506-5 5=1
FL3 Filter: NRCI dwg A48506-4 E=1
FL4 Filter: NRCI dwg A48506-3 L |
FL5 Filter: NRCI dwg A48506-2 5-1
FLb Filter: NRCI dwg C48434G1 5.2
FLT7T Filter: NRCI dwg C48461G1 5-2
FLS Filter: NRCI dwg C48434G2 5-2
FL9g Filter: NRCI dwg C48519G2 5-2
FLIO Filter: NRCI dwg C48540G1 5-1
J1 thru 4 Connector: NRCI dwg AS51084 2-1
Is Connector: MNRCI dwg A51081 2-1

* Located behind rear panel =2




‘Ref. Des

16, 7

J8

J9

J10

L1 thru 7,
10,11, 12
LB

L9

LS1

M1

Q1 thru 5
Rl thru 4
RZ0

Rh&

Ré, B

RY

RY

RID
R11,12
R13, 14
RI5, 22
R1b

| 2% i)

RlB

R19

RZ1

R23

81

52, 3

54

&5

56

57, 10

58

59

T1

T2

T3

T, 2
XAl
XA2 thra 8
XA9,10
XAl
XDS1, 2
XDS53, 4
XF1,2

Mame and Identification

Mot Used

Connector: NRCI dwg A51479-1
Not Used

Connector: NRCI dwg A50793-3
Choke: MNECL dwg B1550-37

Choke: NRCI dwg R1550-17
Choke: NRCI dwg C48304-33
Speaker: NRCI dwg A48166-1
Meter: NRCI dwg A48487-1
Transistor: MIL type 2N5067
Resistor: MIL type RCOTGF4T0K

Resistor: MIL type RCZ0GFR4ATHK
Resistor: MIL type RC42GF6B0K
Resistor: MIL typa RC42GF2T1K
Registor: 10K Linear

Resistor: MIL type RVENAYSDS0ZA
Resistor: MIL type RC42GF 392K
Mot Used

Resistor: MIL type RCOTGF 222K
Part of 54

Resistor: MIL type RCOTGF 103K
Resistor: NRCI dwg B52586-2
Resistor: MIL type RCOTGF 472K
Mot Used

Begistor: 5K trimmer

Switch: NRCI dwg A48453-]

Switch: NRCI dwg A48227-1

Switch: NRCI dwg A48453-]

Switch: NRCI dwg A48445-1

Switch Assy: NRCI dwg B48463G1
Switch: type 125M4

Switch: NRCI dwg A4B454-]

Switch: NRCI dwg A48227-1
Transformer: NBRCI dwg A48231-1
Transformer: Thordarson type TRI1
Transformer: NRCI dwg D48191-1
Terminal Board: Alcom Metal type 4-3028
Connector: NRCI dwg A482331-2
Connector: Amphenol type 225-21821-101
Not Used

Connector: Amphenol type 133-010-21
Lampholder: Leecraft type 10-13
Lampholder: MRCI dwg A48240-1
Fuseholder: NECI dwg A48224-1

# Located behind rear panel

Fig. No.
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SECTION 1

GENERAL INFORMATION

1.1 INTRODUCTION

This technical manual provides general information, installation
and operating instructions, and a listing of assemblies and chassls-
mounted components of maintenance significance for the Type 601 VFO
{Search) Frequency Control Flug-In Unit, a major accessory of Radio
Receiving Set HRO-600, It supplements the basic technical manual for
the Main Frame Assembly of Radio Receiving Set HRO-£600,

1,2 DESCRIFTION

The Type 601 VFO Frequency Control Plug-In Unit is specifically
designed to convert the HRO-600 main frame assembly into a high
performance search receiver. This plug-in unit is inserted into the
main frame through an opening in the front panel of the main frame,

The front panel of the plug-in unit contains ite associated operating

gontrols, and completes the receiver front panel,

The Type 601 contains a highly stable VFO, a crystal oscillator
‘employed as the frequency standard for the receiver, and a frequency
counter and display, The VFD operates in the [requency range from
8-4 MHz, and exhibits a frequency extension of more than 5 percent

at each end of the range to provide tuning-band overlap.

The frequency counter is of integrated circuit design. Its time
base ig derived from the internal standard. The in-line frequency

display is of the received frequency, and is derived from an offset

1-1
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count of the VFO frequency, Four digits of frequency are displayed
by the Type 601, These are the hundreds, tens, units, and tenths of
kHz, (A two-digit MHz display on the front panel of the main frame is
controlled by the MHz SELECT control, ) Positive indication of opera-
tion in the overlap regions is provided by two lamps on the plug-in

unit panel, which are activated by overflow from the counter. The

display employs ordinary gas-digcharge tubes,

The main tuning control employs a aystem of very amooth, self-
adjusting, ball drives. The tuning knob is of large diameter. This,
coupled with a fly-wheel on the main tuning shaft, provides for effort-
less search tuning in applications requiring continuous tuning.

The tuning ratio may be changed by the operator from approxi-
mately 5 kHz per turn to approximately 300 kHz per turn to permit
rapid scanning from one end of each 1 MHz tuning band to the other,
This is accomplished by means of a detented clutch arrangernent,
which is activated by pulling the main tuning kneb. A lock on the main
tuning shaft prevents accidental detuning during operation at a fixed
frequency. A separate FINE TUNE contrel is provided for use in
very critical tuning applications. This control provides 200 to 300
Hz of adjustment throughout 180 degrees of rotation,

The internal crystal oscillator may be accurately calibrated
against an external frequency standard, through use of the meter on
the main-frame panel as a calibration indicator. The frequency stability
of the receiver, with the Type 601 frequency control unit installed, ia
better than 1000 Hz throughout the temperature range of 0°C to +50°C,

The Type 601 Frequency Control Plug-In Unit is shown in
Figure 1-1,

1-2
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Figure 1-1. Type 601 VFO (Search) Frequency Control
Flug-In Unit, Oblique View




SECTION 2

INSTALLATION

2.1 INTRODUCTION

The following paragraphs of this section describe installation
procedures for the Type 601 VFO (Search) Frequency Centrol Flug-In
Unit, a major accessory of Radio Receiving Set HRO-600, Installation
procedures for the HRO-600 itself are described in the technical manual

for the aet,
Mate

Usually, an HRO-600 is shipped from the
factory with a frequency control plug-in unit
installed within it, and no field installation
of auch a unit is required. The instructions
given in this section describe installation of
a fraquency control plug-in unit into an

HRO-&00,

2,2 UNPACKING AND HANDLING

The Type 601 VFO (Search) Frequency Control Flug-In Unit is
packed in accordance with best commercial practice. No special
precautions are required during unpacking and handling of this unit.
Normal care due to precision electronic equipment should, of course,
be exercised. It is recommended that all packing material he retained

for possible future use,




After unpacking the Type 601, inspect it for evidence of external
damage, If damage is evident, notify and file claim with the carrier,
2.3 ENVIRONMENTAL CONSIDERATIONS

The operating temperature range of the Type 601 is -20°C {-4°F)
t0#55°C (+131°F), Its operating RH (relative-humidity) range is 0 per-
cent to 95 percent,

The storage temperature range of the Type 601 is-40°C (-40°F)
to +80°C (+179"°F). Its storage RH (relative-humidity) range is 0 per-
cent to 100 parcent,

2.4 INSTALLATION PROCEDURE

To install the Type 601 within the HRO-600, proceed as follows:

a. Connect three color-coded coaxial cables to their respec-
tive jacks on the Type 601 Plug-In Unit.

b, Insert Type 601 through front panel of HRO-600 Main
Frame Assembly and push in until front-panel screws of plug-in unit

can be engaged.

¢, Tighten two screws alternately, one turn at a time, until

the plug-in unit is seated fully,

2.5 INSTALLATION CHECKOUT

Type 601 installation testing is conducted as part of the overall
testing of the HRO-600. Installation checkout of the IIRO-600 is de-

geribed in the technical manual for the set,

2=2
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SECTION 3

OPERATION

The following paragraphs of this section deacribe operation pro-
toedures for the Type 601 VFO (Search) Frequency Control Plug-In

A front panel view of a Type 601 VFO (Search) Frequency Control
Plug=In Unit is shown in Figure 3-1, Table 3-1 specifies the functions

I rFREG . CONTROL TYPEH 8531

L =

Figure 3-1. Type 601 VFO (Search) Frequency Control
Plug-In Unit, Froaot View




‘and, as applicable, the initial control settings for all controls and
indicators located on the front panel of the Type 60l, The functions
and, ag applicable, the initial contrel settings for all controls and
‘indicators located on the Main Frame Assembly of the HRO-600 are
gpecifiad in the technical manual for the set.

TABLE 3-1, TYPE 601 VFO (SEARCH)
FREQUENCY CONTROL PLUG-IN UNIT,
OPERATING CONTROLS AND INDICATORS

Control or Initial Control
Indicator Function(a) Setting
kHz Digplay Displaye hundred, tens, units, Not Applicable

and tenths kHz digits of frequency
to which receiver is tuned. Indi-
cates band-overlap conditions by

means of + (plus) and - {minua)

indicators.
"DIAL LOCK Locks main tuning dial when Fully Clock-
Control rotated fully clockwise, wise
FINE TUNE Varies frequency to which Immaterial
Control receiver is tuned 200 to 300 Hz

when rotated through 180

degrees
- Main Tuning Varles frequency to which Immaterial
- Dial receiver is tuned approximately

5 kHz per turn when pushed in
and approximately 300 kHz per
turn when pulled out.




3.3 OPERATING INSTRUCTIONS

3.3,1 General

The following paragraphs provide operating instructions for the
Type 601 VFO (Search) Frequency Contrel Plug-In Unit, These instruc-
Hons supplement the instructions in the technical manual for the set.

3.3.2 Start-Up

The Type 601 is started from the Main Frame Assembly of the
HRO-600, as described in the technical manual for the set. Start-up
of the HRO-600 automatically starts the Type 601,

Mote

To achieve its rated frequency accuracy and
stability specifications, the Type 601 requires
a warm-up period of 30 minutes.

3.33 Tuning

To unlock main tuning dial, rotate DIAL. LOCK control fully
connterclockwise; to lock main tuning dial, rotate DIAL LOCK control
fally clockwise.

Mote

DIAL ILOCK control exercises no effect on

FINE TUNE control.

Use main tuning dial to set hundreds, tens, units, and tenths kHz
digits of frequency to which receiver is tuned, When pulled out, malin
tuning dial varies frequency approximately 300 kHz per rotation; when
pushed in, main tuning dial varies frequency approximately 5 kHz per

rotation, Use FINE TUNE control as necessary to tune to desired fre-

quency. This control varies frequency 200 Hz to 300 Hz for 180 degrees

of rotation.
3-3
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Monitor hundreds, tens, units, and tenths kHz digits of frequency
to which receiver is tuned by observing kH=z diaplay.

Monitor presence or absence of band-overlap condition by ob-
serving kHz display., Dlumination of + (plus) indicator signifies that
1 MHz must be added to tens/units MHz reading (0 through 29) of MHz
indicator on front panel of Main Frame Assembly, in order to obtain
frequency to which receiver is tuned. (For each of six bands below 1
MHz, tens/units MHz reading is, of course, 0,) Dlumination of -
{minus) indicator signifies that 1| MHz must be subtracted from tens/
units MHz reading (0 through 29) of MHz indicator on front panel of
Main Frame Assembly, in order to obtain frequency to which receiver
is tuned. With regard to the rf preselection, no band-overlap operation
is possible for five bands below 0.5 MHz, only positive (+) band-overlap
operation is possible for ,5-1 MHz band, and both positive (+) and
negative (-) band-overlap operation is possaible for 29 bands above 1
MHz, If no rf preselection is employed (that is, when PRESELECTOR
control on front panel of Main Frame Assembly is in OFF position),
only positive (+) band-overlap operation is posaible for "'six' bands
below 1 MHz, and both positive (+) and negative {-) band-overlap
operation is possible for 29 bands above | MHz. WNominal band-overlap
frequency range is 100 kHe,

3,3.4 Shutdown

The Type 601 is shut down from the Main Frame Agsembly of
the HRO-600, as described in the technical manual for the set. Shut-
down of the HRO-600 automatically shuts down the Type 601,

3-4




SECTION 4

THECRY OF OPERATION

4.1 INTRODUCTION

The following paragraphs of this section present the theory of
operation for the Type 601 VFO (Search) Frequency Control Plug-In
Unit, a major accesasory of Radio Receiving Set HRO-600, The theory
of operation for the HRO-600 itself is given in the technical manual for
the set, The following digcussion is based upon the servicing block
diagram shown in Figure 5-4 of Section 5,

4,2 DISCUSSION

The Type 601 provides 5-4 MHz, 45 MHz, 5 MHz FIXED BFO,
and 5 MHz ECL (amitter coupled logic) inputs for the injection circuits
of the HRO-600 Main Frame Assembly, During test or calibration of
its internal frequency standard, it also produces a CAL OUT signal
for the metering circuit of the HRO-600 Main Frame Assembly, in
reaponse to its EXT STD IN reference, (The EXT STD IN reference
is obtained from an external frequency standard, and is routed through
the Main Frame Assembly to the Type 601,) Six dc power inputs (+18
VDC sSw, OVEN IN (+26 VDC), +18 ¥YDC, +250 VDC, -5 VDC, and
+5 VDC) obtained from the Main Frame Assembly provide all operating
power required by the Type 601,

The VFO and buffer assembly (Al A3) and the associated tuning
capacitors produce the 5-4 MHz output for the Main Frame Assembly,
By means of the main tuning dial and the FINE TUNE control on the




front panel of the Type 601, its 5-4 MH=z VFO output can be varied in

a continuous manner throughout its range and at least +10 percent
bayond, The front-panel DIAL LOCK control is used to lock and un-
lock the main tuning dial, However, it exercises no effect on the

FINE TUNE control.

The frequency generator assembly (Al AZ) produces the 45 MHsz,
5 MHz FIXED BFO, and 5 MHz ECL outputs for the Main Frame Asg-
sembly. It also accepts the EXT STD IN reference and produces the
CAL OUT wsignal during test and calibration of its internal frequency
gtandard, When a 5-MHz external standard is employed, the frequency
of the CAL OUT signal is equal to the differance between internally
and externally generated 5-MHz frequencies. If a 1-MHz external
standard is used, the frequency of the CAL OUT signal is equal to the
difference batween the internally generated 5-MHz frequency and the
fifth harmonic (5 MHz) of the externally generated 5-MHz frequency.
The internal frequency standard is controlled by an oven-enclosed

cryatal.

The counter/display driver assembly (AlAl) obtains a 5-4 MHz
VIO input from the counter buffer assembly (Al Ad4) and a 100 kHz
reference input from the frequency generator assembly (AlAZ), In
response to these inputa, it produces the 40 signal outputs, the fixed
decimal-point (dp) output, and the sight STROEBED B+ power outputs
required by the front-panel kHg display (AlV1 through AlV4), Gas-
discharge tubes V1 through V4 display the hundreds, tens, units, and

tenths kiez digits of the frequency to which the receiver is tumed,

The counter/display driver assembly (Al Al) also provides the
RESET and COUNT outputs required by the over/under detector of the
frequency generator assembly (Al AZ), and the STROBED B+ power
output required by the front-panel over/under (+/-) display (Al ns1/
AlIDS2), Frequency generator agsembly Al AZ provides the two signal
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inputs required by the +/- display. INumination of the + indicator
signifies that 1 MHz must be added to the tens/units MHz reading

{0 through 29) of the MHz indicator on the front panel of the Main
Frame Asgsembly, inorder to obtain the frequency to which the re-
ceiver is tuned, (For each of the six bands belew 1 Milz, the tens/
units Mz reading is, of course, 0,) Hlumination of the - indicator
signifies that 1 MHz must be subtracted from the. tens/units MHg
reading (0 through 29) of the MH=z indicator on the front panel of the
Maln Frame Assembly, in order to obtain the frequency to which -l:lm

receiver ig tuned.

Within the Type 601, the six de power supply inputs (418 VDC SW,
OVEN IN (+26 VDC), +18 VDC, 4250 VDG, -5 VDC, and +5 VDC) ob-
tained from the Main Frame Assembly are decoupled by A4C4 through
A4C15 and A4L2 through A4L7, Counter/display driver Al Al makes
uge of the decoupled 45 VDC and 4250 VDC power inputs, Fregquency
* fenerator assembly AlAZ makes use of the decoupled +18 VDC, OVEN
. IN (+1B VDC), +18 VYDC SW, +5 VDC, and -5 VDC power inputs. Huffer
assemblies make use of the decoupled +18 VDC power input, The VFD

obtains a +10V supply from a gzener diode on the VFO huffer assembly,
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SECTION 5

MAINTENANCE

5.1 INTRODUCTION

The following paragraphs of this section describe maintenance
procedures for the Type 601 VFO (Search) Frequency Control Plug-In
Unit, a major accessory of Radio Receiving Set HRO-600, Maintenance
procedures for the HRO-600 itself are described in the technical manual

for the set,
5.2 ALIGNMENT

§5,2.1 General

Alignment of the Type 601 consists of calibration of ita frequency
standard, Locations of internal controls are shown in Figure 5-1, To
obtain access to these contrals while the Type 601 is electrically con-
nected to the HRO-600 Main Frame Assembly, a test cable is required.
This test cable is part of Maintenance Kit MK-1, available from
National Radio Company, Inc.

5.2.2 Frequency-Standard Calibration

5l Eq ?q. 1 Gﬂl‘lﬂﬁl

Two basic techniques are available for calibrating the internal
frequency standard of the Type 601, One makes use of an external
1 MHz or 5 MHgz frequency standard with a frequency accuracy of
1 pp 108 or better and an output level of 1 vac rms, and the built-in
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calibration circuitry of the basic HRO-600 and the Type 601, (Ifa
cholice between a | MHz and a 5 MHz external frequency standard is
available, use of the 5 MHz standard Is recommended.) The other
makes use of the WWYV tranamission, and the receiving circuits of

the bagic HRO-600 and the Type 601, Since the latter technique is
dependent upon the readout resolution (£50 Hz) of the Type 601 whereas
the former is not, the former technique is more accurate, For this
reagon, the former technigue is recommended whenever a suitable

external frequency standard is available,

5.2,2.2 Calibration With External Frequency Standard

To calibrate the internal frequency standard of the Type 601

against an external frequency standard, proceed as follows:

a, Connect external frequency standard to terminal J2-1
on rear panel of HRO-600 Main Frame Assembly,

b. Depress METER CAL selection pushbutton on front panel
of HRO-600 Main Frame Assembly,

e. Set up HRO-600 for reception of radio transmission or of
output from signal generator or audio oscillator. (Refer to installation
and operating instructions in Sections 2 and 3, respectively, of both
this technical manual and technical manual for basic HRO-600, )

d. Rotate inductor ALAZL] on frequency generator assembly
(Al AZ) counterclockwise until reception is loat, Note and record

AlAZL] setting,
Note

L.oss of reception signifies that range of inter-
nal crystal frequency standard has been ex-
ceeded, and that this standard has ceased to

ngcillate,



e. Rotate inductor Al A2L] on frequency generator assembly
[AlAZ) clockwise until reception is regained and then lost again,
Note and record ALAZLI] setting.

f. Set inductor AlAZL] on frequency generator assembly
{AlAZ) mid-way between settings recorded during performance of
preceding steps d and e.

g. Alternately adjust capacitor AlAZ2CZ (and, if neceasary,
slightly readjust inductor A1AZLI to allow enough ALAZCZ adjustment
range) on frequency generator assembly (AlA2) for maximum period
of oscillation, as indicated by reading of LEVEL meter on front panel
of Main Frame Assembly, Period of oscillation (one swing back and

forth of meter pointer) should be 1 second or greater.

h. Disconnect external frequency standard from terminal
J2-1 on rear panel of HRO-600 Main Frame Assembly.

5.2.2.3 Calibration With WWV Transmission

To calibrate the internal frequency standard of the Type 601
against the WWV transmission, proceed as follows:

a, Connect 60081 terminals of TEl on rear panel of Main

Frame Assembly to vertical input of ascillescope,

b. Set oscilloscope for external sweep, and connect output
from audio oscillator (external to HRO-600) to horizontal input of

ogcilloacope,

c. Set up HRO-600 for reception of highest-frequency (5, 10,

15, 20, 25, or 30 MHz) WWYV transmission that can be detected readily,
{Refer to installation and operating instructions in Sections 2 and 3,
respectively, of both this technical manual and technical manual for

basic HRO-400, )
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d. Rotate inductor AlAZL] on frequency generator assembly
(Al AZ) counterclockwise until reception is lost. Note and record
AlAZLI1 setting,

Mote

Loss of reception gignifies that range of internal
cerystal frequency standard has been exceedead,

and that this standard has ceased to oscillate.

e. Rotate inductor Al AZLI] on frequency generator assembly
{AlAZ) clockwise until reception is regalned and then lost again. Note
and record Al AZ1.]1 getting,

f. BSet inductor AlAZLI]l on frequency generator assembly
{AlAZ) mid-way between settings recorded during performance of pre-
ceding steps d and e.

g. Set audio oacillator for output of 1 He.
Note

During performance of following atep h,
adjust herizontal and vertical gain controls
of oscilloscope as necessary to obtain cir-

cular oscilloscope presentation.

h. Alternately adjust capacitor Al A2C2 (and, if necessary,
slightly readjust inductor AlAZLI] to allow enough ALAZCZ adjustment
range) on frequency genarator assermbly {AlAZ2) for circular presenta-
tions, Circular presentation indicates that audio output frequency
from HRO-600 is equal to audio output frequency (1l Hz) from external

audio cscillator.

i. Disconnect vertical input of oscilloscope from 6001 ter-

minals of TBl on rear panel of Main Frame Assembly,
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j. Disconnect horizontal input of oscilloscope from output
of audio oscillator.

5.2,3 Tank - Circuit Alignment

There is no alignment of the tank circuit required, The only
adjustment required is for temperature compensation. This adjust-
ment should be made only under controlled environmental conditions
in a temperature-controlled chamber. No adjustment is necessary

unless major parts replacement has been made in the VFO assembly.

5.3 TROUBLESHOOTING

Field troubleshooting of the Type 601 consists of isolating a
trouble to a defective assembly, to a defective chaseis or panel com-
ponent, or to defective wiring. The Type 601 contains five assemblies:
the counter/display driver assembly (Al); the frequency generator
assembly (AZ); and the VFO, VFO buffer, and counter buffer assembly.
Whenever any of these assemblies is found to be defective, it should
be returned to Mational Radio Company, Inc., or to the Company's

authorized representative, for troubleshooting and repair,

To troubleshoot the Type 601, remove it from the front panel
of the HRO-600 Main Frame Assembly, and reconnect it to the Main
Frame Assembly with the test cable assembly., The basic trouble-
shooting references provided in this technical manual are the servicing
bleck diagram of Figure 5-4 and the parts-location illustrations of
Figurea 5-1 and 5-2, A thorough knowledge of the theory of operation
presented in Section 4 of this technical manual is highly desirable (if
not absolutely sssential) for effective troubleshooting, (The theoretical
discussion is also referenced to Figure 5-4.) Refer to Section 4 as

necessary during performance of troubleshooting procedures,
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= T/MES
GBROUND SHRFT

STRING ROUTING W/ITH TUNING CRPQC/TOR
SOY, MESHED

Figure 5-3, 5String Drive Routing

Voltages and, where applicable, voltage waveforma are specified
in Figure 5-4 for all key test points, In addition, Figure 5-4 specifies
applicable tolerances, and the type(s) of test equipment required for

each meagurement.

To check for defective wiring (short circuits or open circuits),
it will sometimes be necessary or desirable to make continuity checks
with an chmmeter, Prior to making any such checks, de-ene rg!;:p the
Type 601 by rotating the MODE switch on the front panel of the Main
Frame Assembly to the OFF position,

In some cases, a trouble may be due to misalignment of the

Type 601, Alignment procedures are given in paragraph 5. 2.

Repair of the Type 601 is discussed in paragraph 5. 4.
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5.4 REPAIR

Field repair procedures applicable to the Type 601 involve
straightforward removal and replacement of electrical components
and electronic assemblies, and correction of defective wiring. To
facilitate replacement, tag all disconnected leads whenever the counter/
display driver assembly (Al), the frequency generator assembly (A2),
the VFO, or the buffer assembly is removed, Parts-location informa-

tion for the Type 601 is shown in Figures 5-1 and 5-2,

At the rear of the Type 601, a spring-loaded string drive provides
mechanical coupling between the ball drive mechanism associated with
the main tuning dial and the main tuning capacitor of the VFO tank cir-
cuit,. To facilitate accesa to this string drive, the bracket on which
the plug-in-unit connector is mounted should, without exertion of undue
strain on the wiring, be unscrewed and moved cut of the way. Correct

routing of the string drive is shown in Figure 5-3.
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SECTION &

PARTS LIST

6.1 INTRODUCTION

This parts list identifies all assemblies, subassemblies and
chassis mounted components of maintenance significance for the Type
601 VFO (Search) Frequency Control Plug-In Unit, 2 major accessory
of the HRO-600 Radio Receiving Set. It supplements the parts list in
the basic technical manual for the Main Frame Assemnbly of the HRO-600,

6,2 PARTS LIST

HEef. Deax, Mame and Identification Fig. No.
Al Frequency Control Assy, VFO: Type 601, 1-1
NRCI dwg A481000G1
AlAl Frequency Counter Digplay Driver PC 5-1
- Board: NRCI dwg D48080G1
Al A2 Fraquency Generator PC Beard: NRCI 5-1
dwg E48135G1
Al A3 VFO & Buffer Assy: NCRI dwg A48596Gl 5-2
AlA4 Counter Buffer Assy: NRCI dwg A48589%G1 5-1
AlC1 Capacitar: Type 301COK109C §-2
AlC2 Capacitor: Fine tune 5-2
AlC3 Capacitor: NRCI dwg C47372 5-2
AlC4 Capaciter: MIL type CC20UT240K 5-2
AlLCS Capacitor: E, F. Johnson type 148-4 5-2
AlDS1,2 Lamp: Alco Electric Products type PLN-100 5-1
AlT1,2,3 Connector: NRCI dwg A52584 5-1
AlAIAL VFO Buffer PC Board: NRCI dwg D48436G1 5-2
AlA3A2 VFO: NRCI dwg A48588G] §5-2
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SECTION ]

GENERAIL INFORMATION

1.1 INTRODUCTION

This technical manual provides general information, installation
and operating instructions, and a listing of assemblies and chassis=-
mounted components of maintenance significance for the Type 602
Synthesizer Frequency Control Plug-In Unit, a major accessory of
Radio Receiving Set HRO-5600. It supplerments the basic technical manual

for the Main Frame Assembly of Radio Receiving Set HRO-600,

.2 DESCRIPTION

The Type 602 Synthesizer Frefuency Control Plug-in is specifically
dezigned to convert the HRO-600 main frame assembly into a high perform-
ance synthesized receiver. This plug-in unit is inserted into the main frame
through an opening in the front panel of the main frame, The front panel of
the plug-in unit contains its associated operating controls, and completes

the raceiver front panel,

The Type 602 contains a highly stable 5 MHz temperature compensated
crystal oscillator emploved as the frequency standard for the receiver, and
4 phase~locked oscillator which generates 5 MHz to 4.0001 MHz in 100 Hz

Steps in response to the settings of the front panel thumbwheel switches,

I-1
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This :.'I-Ela:‘-ﬂ-J.-!'!ll'!|-".EI'.i.|.|F\.-::iJ.'|:'I.r.r_:|.' can also be "fine tuned' betwesn 100 Hs points
by front panel controls. There is also a circuit which permits comparison
of the internal standard with an external 1 MHz or 5 MHz standard for
calibration purposes, The frequency stability of the receiver, with the
Type 602 Synthesizer installed, is equal to or better than +1 PPM v. =,

temperature (0°C to 4 "-I.'II'{'_.} and v, 8, time (1 year).

The Type 602 Synthesizer is shown in Figure

D | —




SECTION 2

INSTALLATION

2.1 INTRODUCTION
The following paragraphs of this section describe installation
procedures for the Type 602 Synthesizer Freguency Control Plug-In
Unit, a major accessory of Radio Receiving Set IIRO-600. Installation
procedures for the HRO-600 itself are described in the technical manual
-
for the aet,
Mote
Usually, an HRO-600 is shipped from the
factory with & frequency control plug-<in unit
Ingtalled within it, and no field installation
of such & unit is required. The instructions
given in this section describe installation of
& frequency control plug-in unit into an
HRO-600.
2,2 UNPACKING AND HANDLING
The Type 602 Synthesizer is packed in accordance with best
commerclal practice, No special precautions are required during
unpacking and handling of this unit, Normal care due to precision

slectronic equipment should, of course, be exercised, It is recommended

that all packing material be retained for possible future usa,
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After unpacking the Type 602, inapect it for evidence of extarnal

damage. If damage is evident; notify and file claim with the carrier.

2.2 ENVIBONMENTAL CONSIDERATIONS
The operating temperature range of the Type 602 ig -20°C (-4°F)
to +55°C (+131° F), Its operating RH (relative-humidity) range is 0 per-

gant to 95 percent,

The storage temperature range of the Type 602 la -40°C (-40°F)
to +B80° C (+179"F). Its storage RH (relative-humidity) range is 0 per-

cent to 100 percent.

2.4 INSTALLATION PROCEDURE

To install the Type 602 within the HRO=-600, proceed as follows:

a, Connect three color-coded coaxlal cables to their respective
jacks on the Type 602 Plug-In Unit,

b. Insert Type 602 through front panel of HRO-600 Main Frame
Assembly and push in until front-panel screws of plug-in unit can be
Engaged.

¢, Tighten two screws alternately, one turn at.a time, until the

plug-in unit is seated fully.

2,5 INSTALLATION CHECKOUT
Type 602 installation testing is conducted an part of the overall
testing of the HRO-4600, Installation'checkount of the HRO=-600 is de-

gerlbed in the technieal mianual for the sget,
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SECTTON 3

CPERATION

3.1 INTRODUCTION

The following paragraphs of this section describe operation pro-
cedures for the Type 602 Synthesizer Frequency Control Plug-In Unit,
a major accessory of Radio Receiving Set HRO-600. These procedures

supplement the operation procedures described in the technical manual

for the gat,

3.2 OPERATING CONTROLS

A front panel view of the Synthesizer is shown in Figure 3-1.

Figure 3-1, Type 602 Synthesizer Frequency Control
Flug-In Unit, ¥Front View
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Table 3-1 specifies the functions and, as applicable, the initial control. -
settings for all controls located on front panel of the Type 602. The
functions and, as applicable, the initial control settings for all controls

- and indicators located on the Main Frame Assembly of the HRO-600 are

specified in the technical manual for the main frame.

TABLE 3-1, TYPE 602 SYNTHESIZER
FREQUENCY CONTROL PLUG-IN UNIT,
OPERATING CONTROLS

Initial Control
Control Function(s) Setting

kHz Thumb- Set the hundreds, tens, units, and Immaterial
wheel Switches tenths kHz digits of fraquency to

which receiver is tuned (from

000,00 to 999.9).

FINE TUNE Enable or disable the fine tune OFF
Enable Switch function.

FINE TUNE When enabled, permits tuning Immaterial
Control between 100 Hz steps set by the

thumbwheel switches.

3.3 OPERATING INSTRUCTIONS
3.3.1 General

The following paragraphs provide operating instructions for the
Type 02 Synthesizer. These instructions supplement the instructions

in the technical manual for the main frame,

31. 31-2 HT-BI't-“E

The Type 602 is started from the Main Frame Assembly of the -




HEO-600, as described in the technical manual for the main frame.
Start-up of the HRO-600 automatically starts the Type GOZ.
Mote
The Type 602 requires no warm-up

period because no ovens are used to
achieve stability.

3.3.3 Turl]t:g

Use the thumbwherl switches to set the hundreds, tens, units and
tenths kHz digits of the {requency desired. If the desired frequency is
not an exact multiple of 100 Hz, set to the nearest 100 Hz incremant,
rotate the FINE TUNE enable switch to "fine tune' and adjust the FINE
TUNE control for desired reception, The units and tens MHz are set

by the MHz select on the Main Frame.

3.2, 4 Shutdown
The Type 602 is ehut down from the Main Frame Assembly of the
HRO-600, as described in the technical manual for the main {rame.

Shut down of the HRO-600 automatically shuts down the Type LOZ,
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SECTION 4

THEORY OF OPERATION

4.1 INTRODUCTION

The following paragraphs of this secton present the theory of
operation for the Type 02 Synthesizer Frequency Control Flug-In
Unit, a major accessory of Radio Receiving Set HRO=600. The theory
of operation for the HRO-600 itself is given in the technical manual for
the set, The following discussion is based upon the servicing block

diagram shown in Figure 5= of Section 5,

4.2 DISCUSSION

The Type 602 provides 5.0000-4,0001 MHgz {n 100 Hz stepe, 45 MHz,
> MHz Fixed BFO, and 5 MHz ECL (emitter coupled logic) inputs for the
injection circuits of the HRO-600 Main Frame Assembly. During test
or calibration of its internal frequency standard it also produces a
CAL QUT =signal for the me-tcrlng circuit of the HREO-600 Main Frame
Assembly, in response to its EXT STD IN reference. (The EXT STD IN
reference is obtained from an external frequency standard, andis routed
through the Main Frame Assembly to the Type 602,) Five dc power inputs
(+18 VDC 8W, +18 VDC, +125 VDC, -5 VDC, and +5 VDC) cbtained from
the Main Frame Assembly provide all operating power reguired by the.

Typa 602,

e T




The Type 602 contains three printed circuit assemblies (TCXOD,
Oscillator and Control, Main Board) and front panel mounted switches
(frequency set thumbwheels, fine tune enable) and control pote {fine

frequency, range centering),

The TCXO assembly (AZ) produces the 45 MHg, 5 MHgz Fixed BFO,
and 5 MHz ECL outputs for the Main Frame Assembly. It also produces
the 5 MHe T1, TZ, 5 MHz 2."', and 90 MHz outputs used by the Main
Board. It also accepts the EXT STD IN reference and produces the
CAL QUT signal during test and calibration of its internal frequency
standard. The internal ;tandard is a 5 MHz temperature compensated

crystal oscillator.

The Oscillator and Control assembly (A3) accepts a dec contral
woltage from the Main Board, amplifies, flilters and then uses it to
control the frequency of & 64 to 80 MHz oscillator which is dpplied to

the Main Board.

The Main Board asae:il:l.b]].r {Al) contains all the remaining circuitry
required to produce the phase-locked 5 to 4.0001 MHz output to the Main
Frame Asgembly in response to the setting of the frnn;: panel fragquency
gelact ewitches., tuges the 5 MHz T1, TZ,-5 MH= 2% and 90 MHz inputs
from the TCXO assembly and the 64 to 80 MHz fram the Oscillator and
Conirol assembly to produce a dc control voltage for the Oscillator and

Gontrol assembly and the 5 to 4,0001 MH=z cutput for the Main Frame

Assembly,
4-2




Within the Type 502 the five dc power supply inputs (+18 VDC awW,
+18 YDC, +125 YDC, +5 VDC, -5 VDC) obtained from the main frame
assembly are decoupled by Cl thru C4 and additional circultry on the

TCXO assembly,




SEGTION 5

MAINTENANCE

5.1 INTRODUCTION

The following paragraphs of this section describe maintenance

procedures for the Type 602 Synthesizer Frequency Control Plug-In

Cnit, 'a major accessory of Radlo Receiving Set HRO=600, Maintenance

procedures for the HRO-600 itself are described in the technical manual
for the set.
Mote

The procedures contained in this section are the
maximum which should be attempted in the fleld
with limited test equipment. The referenced
extender cards, cables, alignment tools, etc.,
can be ordered from National Radio Company,
Inc., in the form of maintenance kit MK-1.

Troubleshooting to plece part level should be _ -4 F
attempted only in a well-squipped maintenance _ i
laboratory.

special order, to enable qualified technicians
to locate faulty components on complex sub-

assemblies. Defective subassemblies may be ]
returned to the factory or to authorized service |
stations for analysis and repair.

A detailed field service manual is available on 3
|
i
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2.2 AILIGNMENT

S | 'i."]-_-n?::'.'Li

Adignment of the Type 602 consi

standard and alignment of the 45 MH=z

stR of calibration of {ts freqguency

phase-locked nacillator, 90 MHsz

doubler, 64 to 80 MHs phase~locked oscillator and adjustment of tha

Tange centering control, Location of internal controls are shown in

Figure - To obtain access to thess

electrically connected to the HRO-600

table is required. This test cable is part of Maintenance Kit MK-1

available from National Radic Ca. s ine

controis while the Typa 602.is

Main Frame Assembly, a test

*.2.2 Fregquency Standard Calibratian

73.2.2.1 General

The technique of calibrating the internal standard cansists of

comparing its frequency against an ext
the beat (differenca) Irequency on the §
Assernbly. An external standard with
at 1 MHz or 5 MHz (5 MHz preferred)
into 50 ohms is required

5.2.2 Calibraticn Procedurs

#rnal reference and observing
ront panel meter of the Main Frame
an accuracy of 1 PP10° or boattar

e

and capable of delivering 1 VRMS

To calibrate the internal ifrequency standard of the Type 602 against

s external frequancy standard proceed as follaws:




Nlltl‘

Tha internal standard is et at the factory
F i ] : e 5
within +5 PPI10° and should not be reset

unleses the axternal reference i85 lnown to
lerat 1 PP}

he at 0=

a. Gonnect external freguency standard to J2=1 on

HEO=600 Maln Frame Argsembly.

rear panel ol

b. Depress meter CAL selection push button on front panel of

HEO=-600 Main Frame Assembly.

=, Hemove covar screw from TCXO to obtain acecess tocaldbration

adinstment.

d. Adjust calibration control until meter oscillations are reduced

to less than one per second., (This represents a frequency difference

between the internal and external frequency standard of

3.2,3 Alignment of Oscillator and Control Assembly

To align the Oscillator and Control Assembly proceed as follows:

s

f. DNeconneset the “"control voltage in" connectHon [terminal

substitute a voltage of 9.4 volts,

legs than 1 H=.

b. Adjust T1 until the output frequency measured at terminal 2

is 80 MHz=,

¢. Beconnectthe "control voltage in'" connecHon.

T) and




i

2,4 Alignment of TCEXQ assembly

2. 4.1 Alignment of 45 MHz phase=locked oscillator

LHg]

To align the 45 MHz phase-locked oscillator proceed as follows:
8. Monitor the DC voltage at the 45 MHz alignment test point shown

in Figure 5

b, Adjust Ll by screwing out the slug [reducing inductance) unatil
the voltage at the test point no longer changes as the slug is screwed out.

Note this voltage (it should be around 7 volta).

c, Adjust Ll by screweing the slug back in. A point will be reached

whare the voltage at the teat point will change as the slug is adjusted.

d. Adjust L1 until the voltage at the test point under this "controlled”

condition is the same as that voltage noted in step b.

E.2.4. 2 Alignment of 90 MH=z Dnuh!‘_c__z_'_

To align the 90 MHz doubler proceed as follows:
a. Using a 100 MHz oscilloscope adjust both top and bottom slugs of

T3 for maximum 90 MHz output as viewed an terminal 9.

5,2.5 Alignment of Range Centering Control

To align the range centering control (B3) procead as follows:
a. Connect a frequency counter to the 4 to 5 MHz output of the

Type 602 (J1, yellow).




b. Set the frequency select switches to all xeros and the {ine fune

enable switch to "fine tuna'l,

c. Rotate the fine frequency control from one extreme to the other
and note the freguency at the extremes of rotation. The output frequency

ghould be adjustable at least 4100 Hz around 5 MHz,

d. Set the frequency select switches to all nines and repeat step ¢,

The output should now be adjustable at least +100 Hz around 4,0001 MH=,

e. Adjust R3 as necessary to obtain the "at least +100 Hz' change

gt both ends (all zeros and all nine=x),

5.3 TROUBLESHOOQOTING

Field troubleshooting of the Type 602 consists of isclating a trouble
to & defective assembly, to a defective chassis or panel componsnt, or to
defective wiring., The Type 602 contalns three assemblies: the main
board assembly {Al), the TCXO assembly (A2) and the Oscillator and
Control assembly {A3). Whenever any of these assemblies is found to be
dafective, it should be returned to National Badlg Company, Inc. or to the

Company's authorized representative, for troubleshooting and repair.

To troubleshoot the Type 602, remove it from the front panel of the
HRO=600 Maln Frame Assembly, and reconnect it to the Maln Frame
Assembly with the test cable assembly. The basic troubleshooting refer-
ences provided in this technical manual are the servicing block diag ram

5=5




of Figure and the parts location illastrations of Figures and i
A thorough knowledge of the theory of operation to the level presented in
Section 4 of this technical manual is highly desirable (if not absolutely

pssential) for effective troubleshooting. Refer to Section 4 as necessary

during performance of troubleshooting proceduras.

Voltages and, where applicable, wvoltage waveforms are specifiad
in Figurs for all key test points, Figure also specifles applicable
tolerances, and the type(s) of test equipment required for each measure-

roent.

To check for defective wiring (short circuits or open circulta) it
will sometimes be necessary or desirable to male continuity checks with
an ochmmeter, Prior to making any such checks, de-energize the Type 602
by rotating the MODE switch on the front panel of the Main Frame Assembly
to the OFF poaltion,

In some cases, a trouble may be due to misalignmant of the Type 602,

Alignment procedures are given in paragraph 5. 2.
Dae to the nature of phase-locked loops, it is very difficult to ascertain

the malfunctioning eircuit once the loop la broken. The following procedure

is strongly recommended to determine the seurce of trouble. Use the in-

formatien in Figurs for levels, vwaveiorms, ste.

a, ¥Yerily all dc supply voltage connections.

bl
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b, Check 5 MHz Fixed BF O, 5 MHz ECL,; 5 MHz T1; T2, 5 MHz 2
45 MHz and 90 MHz cutputs from TCXO assembly and check for thair

appearance at their respective destinations,
c. Check wiring to 52, R1, R2, B3 and 81,

d. Open loop by removing connection to terminal 7 of Oscillator and

Control Assembly,

e. Substitute variable voltage supply at terminal 7 and adiust over a
range ol approximately 6.7 to 9.4 volte., The output at terminal 2 of the
Oscillator and Control Assembly should vary from approximately 64 to 80

MHz respectively.

f. For the same range of substituted voltage, the fragquency at terminal

34 of the Main Board Assembly (alsa J1, yellow) should be 1/16 of the fre-
gquancy in step e.

If difficulty s encountered in step b. the TCXO assembly is at
fault, If difficulty is encountered in 5tep:§-. the Ogcillator and Control

Assembly 1s at fault, If difficulty is encountered in step i, ‘the Main Board

18 at fault,

g. Set the frequency select switches to all nines. Adjust the substitute

voltage for 64 MHz (4 MHz at ' J1). Monitor the voltage at terminal 23 of tha

Main Board Assembly as the substitute voltage is varied glowly around its

setting. The wvoltage at terminal 23 should ba abserved to change from

LI
1
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approximately 6.7 to 9.4 volts over a very small range of substitute voltage.

1f difficulty ie encountered in step g. the Main Board Assembly is at

fault,

h. If all above steps are parformed successfully and the unit atill

fails to operate when loop is closed by reconnecting wire to terminal 7 ‘of
Oscillator and Control Assembly, the problem could lie in either the
Oscillator and Control Assembly or the Main Board Assembly. Bath
assemblies contain circuitry which affects the dynamic characteristica of
the.loop and the only way to find this kind of problem is either by substituting
an asgsmbly known to be reliable or by thoroughly checking the circults
involved, Therefore, if this type of problem is enccountered, it is strongly
recommended that the unit be returned to National Radio Company, Inc. or

its authorized representative for repair.

5.4 REFPAIR

Field repair procedures applicable to the Type 602 involve straight-
forward removal and replacement of electrical components and electronic
agsemblies, and correction of defective wiring, To facilitate replacement,

tag all disconnected leads whenever any assembly is removed., Faris

= location information for the Type 602 is shown in Figures and
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SECTION 6

PARTS LIST

6.1 INTRODUCTION

This parts list identifies all aaremblies, subassemblies and

chassis mounted components of maintenance significance for the Type

602 Frequency Control Plug-In Unit, a major accessory of the HRO-600

Radio Recelving Set, It supplements the parts list in the basic technical

manual for the Main Frame Assembly of the HRO-400,

6,2 PARTS LIST

Raf., Des.
Al
AlAal

AlAZ
AlA3

AICI1, 2,3
AlC4
ATCR1
AlR1
AlRZ
AIR3
AlR4
AlSl

. AlS2

=

Name and Identificatian

Frequency Control Assy, Type 602: NRCI
dwg A48550G1

Main Synthesizer F,C. Board: NRCI dwg
E4B561G]

TCXO P, C. Board: NRCI dwg D4B8559G]
Oscillator-Control P.C. Board: NRCI dwg
D485560G]

Capacitor: NRCI dwg A4B550-37
Capacitor: NRCI dwg A48550-38
Sermni-conductor: MIL types 1N4148
Besistor: MIL type RVINAYSDIDSA
Resistor: MIL type RCOTGF 105K
Resistor; NRCI dwg B52578-2

Resistor; MIL type RCOTGF 332K

Switch; NRCI dwg B50583-0

Switch: NRCI dwg A48562

Filg. No,

.
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STANDARD

" Muticral Radio Company, Ine, , (horein-
¢ called “Manufacturiés®) warrants that
he equipment delivercd under this sale is
pee from defects in workmanship of mate-
faly in normal use and aperation. Manu-

ieturer s only regponsibilily under this
mrranty is to repair or replace, withaout

ra charge, -any components ar products
avhich Manufactursr is notified in writing
pithin ninety (90) dayws after delivery to
fayer of defects in such components of
roducts, epairs hercunder may, at Man-
gcturer's option, ba made at ita plant ar
i Buyer's Iocatlon.

"The Manafacturer shall have the right,
jtits nole option, to nepect, eithor al lis
llant or at Boyer's locution, any goods con-
ferning which & claim is made hereunder,
jud the result or findings of such inspec-
n-['.i shall, in the absence of prool of
gfbitrary and capricious conduct hy Mani-
jeturer, be conciudive on the obligationa
anufneturer in conpection harewith,

LAny Tepair, altoration or replacement ol
Bemponcuty without the express writlen coh-
jait of the Manufacturer will be a violation
Bl this warranty and will sefve Lo Temove

81l liability from the Mandfacturer., Any
gse, neglect, accident, incorrect wiripg,
§r tse in violation of instructions furnished
¥ the Manwfacturer, or the removal, de-
ng or changing of any serial number{s}
il release the Manafaciurer from all

ility under this warranty and any cther
WarTanty expross or implied,

& Manufacturer makes no warranty in con-
- 1 herewith whether of MERCHANT -
BRILITY OR FITHNESS, express or implisd,

WARRANTY e

and no representative nr parson in author-
jecd ta assumn for the Manufactiter any

other Habillty in cénnection with ithe sala 'ﬂf_

this equipment or to alter, amend ar walve
thig worcanty.

WManufoclurer reserves thae Flpheto make :

any chanpe indesign or to make addition to,

ot improvements in, this eguipment without

impogsing any nhligations upon itaell to in-
gtall them in any eguipmeant previously man-
ufactured, provided that Manulaeturer, at
ita sole option, may repair or replace’ com-
poncnts with such improved componants,

Under no circumatances shall Manufac- 0

turer he responsible for consegquential or
forcaccable damapes, su-called,

All claima under this warranty must be
made in writing in or within ninety (90} dayas
from delivery of the goods here Involved to
the Buyer, No suit shall be' brought hers-: -
under unless the eame is commenced within

fiftmen (15) months (rom date of delivery of

the goods Here involved to the Buyers

Mo item shall be returned to Mamifae-
turer oxcepl with its prior written authori-
zation, and any item so relurned shall ba
marked or tagged to show the serial npumber
af the machine [rom which il was reémoved.

Hegarding gooda returned to Manaiac-
turer for repair under this warranty, the
Buyer shall ship the same {reight prepaid,
and the Manufaciurer shall return the sama
upon cumpletion of approptiale repairs
hereunder, Time is ol the
pspence for any and all notices, £laims or
actions for which o time linvit s set farth
herwin.

-

NATIONAL RADIO COMPANY, INC.
BT WASHINGTON 51,

MELRTISE; MASS, 02176

{ follewing, whichever 8 moyt convenient:

L .

'h i ship the wnit-to @s.

-
X 1y : .

'E"." pewired in the original specialiy designed-shipping carton.
Rk cordance with the "Staodard Warranty” & cupy of whick la pginted above,;

d your new Natlonal Radio Company, Inc. efuipment require servicing please do one of

1. Return it'to the dealer (rom whom you purchaged it.
$l, HJ:‘J.:I:IU; 1o nne of our authorised spUvice H.E!EI'I-Ci.E‘lEI'

3, Write to the Service Mpnaper, National Radlo Company, Inc., BY Washingion Street,
] .I,;n“. Mass, 02176 [telophong olT=60d-T7 U] and describe the difficuliy.
:E.n:ttm serial aumber., Describe an cumpletely as papaible the apparent defect.

State type of

Mliwe fonl that the unil should be returned to the factory, we will give you written authoriza-
Motily us that you are returning the unit and ship prepaid snd

MRCT shall thersupon act in

]
1
g

.p..‘; ' :







