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GENERAL INFOAMATION

SECTION1
GENERAL INFORMATION

1.1 SCOPE.

This instruction manual describes the installation,
operation, and maintenance of the RF-301A SSB
Transceiver, the RF-303 and RF-304 DC Power
Modules, and the RF-305SA Shockmount. The RF-
301A SSB Transceiver is hereafter referred to as
the RF-301 Transceiver.

Antenna Coupler Model RF-302A is completely
described in its own instruction manual. Through-
out this text the RF-302A is referred to as the RF-
302. '

1.2 FUNCTIONAL DESCRIPTION.

The RF-301A is a high quality, variable frequency
SSB transceiver capable of transmitting and re-

ceiving LSB, USB, CW, FSK, and AM signals in
mobile or fixed installations. The transceiver can
operate on any frequency in the 2 to 15 MHz range
and provides an output of 100 watts PEP and
average. The transceiver has been designed for
rugged service and is splashproof when mounted
on the RF-305A Shockmount. Compactness, high
reliability and moderate power consumption result
from maximum use of transistors and other solid
state devices. Digital frequency selection with excel-
lent stability is provided by the frequency synthe-
sizer employed in the RF-301A.

1.3 QUICK REFERENCE DATA.
Data describing the electrical and physical charac-

teristics of the RF-301A Transceiver is given in
table 1-1.

8 '

.\
—~—

L

)

Figure 1.1 — RF-301A Shown on RF-305A Shockmount
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SB-A75/150 75 or 150 foot Jong-wire antenna
kit

GENERAL INFORMATION

1.4 ACCESSORIES AVAILABLE.

The following accessories are available for the RF-

301 A Transceiver. 1.5 LIST OF ASSEMBLIES.

RF-302A Manual Antenna Coupler

RF-302RA Remote-Controlled Antenna
Coupler

RF-303 13.5VDC Mobile Power Supply
Module

RF-304 27.5VDC Mobile Power Supply
Module

RF-305A Shockmount Base for RF-30I

RF-307A Remote Audio Control

RF-308 Running Spare Parts Kit

RF-309 Depot Spare Parts Kit

RF-311 Comprehensive Spare Parts Kit

RF-334A Doublet Antenna Kit

RF-319 CW Hand Key

RF-102 1KW Linear Amplifier

RF-3001 Headset

RF-3002 Headset with Boom Microphone

RF-318 Extension Cable Test Set

NOTE

The RF-301A4 Transceiver is nor-
mally supplied with a push-to-talk
microphone; however, a telephone
handser (RF-321} can be supplied
on special order.

The following antenna kits are available for use
with the RF-302A Antenna Coupler:

SB-VS Vertical 9 foot whip antenna
kit

SB-V16

SB-VI16A Vertical 16 foot whip antenna

SB-V16B kits

SB-V16C

SB-V35

SB-V35A : .

SB-V35B Verpcal 35 foot whip antenna

SB-V35C kits

SB-V33S :

1-2

Table 1.2 is a list of assemblies used in the RF-301
Transceiver and the reference numbers by which
they are identified.

1.6 RESHIPPING.

Should it be necessary to reship the RF-301 or any
of its accessories after the original packing materal
is discarded, be sure to pack each unit separately and
carefully. Special attention should be given to pro-
viding enough packing material around controls and
connectors. Rigid cardboard should be placed at the
corners of the equipment to protect against denting.
Mark the container “FRAGILE-ELECTRONIC

EQUIPMENT™.

Figure 1.2 — Antenna Coupler RF-302A



GENERAL INFORMATION

Table 1.1 — RF-301 Technical Data

Table 1.1 — RF-301 Technical Data (Cont.)

FAEQUENCY RANGE
21to0 15 MH2

RESOLUTION
Digital = 1 kHz
Vernier = continuous tuning

FAEQUENCY STABILITY

1 part in 106 per month with regular frequency standard.

5 parts in 108 per month with high stability frequency
sendard.

MODES OF OPERATION
Upper Sideband (USB)
Lower Sideband (LSB)
AM {compatitie)
cw

ANTENNA INPUT-OUTPUT IMPEDANCE
52 ohms {VSWR 1.5 te 1 or better}

POWER OUTPUT
SSB — 100 watts PEP
CW — 100 watts averags
AM — 25 watts carrier

CARRIER SUPPRESSION
-50 dB nominal

UNDESIRED SIDEBAND SUPPRESSION
-50d8

HARMONIC SUPPRESSION
-45 dB nominal

INTERMODULATION DISTORTION
-35 dB nominal at rated power output

REMOTE AUDIO INPUT {Balanced 600 ohms) Normally
less than +6 dBm for full output

LOCAL AUDIO INPUT {Microphone)
Carbon or dynamic microphane

RECEIVER SENSITIVITY (SSB)
1 microvolt for 10 dB(S+N}/N

RECEIVER SENSITIVITY (AM]
3 microvolts/30% MOD for 10 dB(S+N)/N

SELECTIVITY (SSB and CW)
300 1o 3200 Hz, 6 dB

SELECTIVITY (AM]
11 kHz bandwidth, nominal

AUDIO QUTPUT (Speaker)
2 wans, undistorted

IMAGE REJECTION
-70dB

AGC CHARACTERISTICS
Fast attack, slow reiease

POWER CONSUMPTION
115 VAC £10%/29 A
230 VAC £10%/1.5 A
13.5 VDC nominal £10%/27 A
27.5 VOC nominal 210%/13 A

SIZE
159/16in, Dx 17-1/6in. W x 7-5/8 in. H

WEIGHT
59 LBS

ENVIRONMENTAL
Temperature — -30 to +65°C at 100 W PEP
-30 10 +50°C at 100 W overage

Humidity -~ 85% and splashproof
Shock — Per MIL-STD-202C, Method 205C
Vibration = Per MIL-STD-167

. Table 1.2 — Assembly References

REFERENCE
NUMBER NOMENCLATURE

G2 RAF Amplifier
a3 Divider/Spectrum Generator
03 11.6 MH2 Error Mixer
05 455 kHz Error Mixer

055 Receiver Protecror
¢33 Translator
07 1+ Amplifier
08 Audio/Modulator
02 VFO
10 MHz Oscillator
11 100 kHz Oscillator
12 10 kHz Osciltater
13 1 kHz Os=cillator
15 ALC
16 ACC
17 Audic Amplifier
20 Frequency Standard

1314
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SECTION 2
INSTALLATION

2.1 UNPACKING AND INSPECTION.

Remove packing material from containers and care-
fully lift out the transceiver. The microphone, line
cord, connectors, tools, and spare fuses are wrapped
separately. Be sure not to discard small items with
packing material. Check off units on the packing
list as they are unpacked. Each unit should be -
spected carefully for physical damage. If any dam-
age exists, save packing material and containers to
substantiate claim with transportation agency.

If it is known that the transceiver might be re-
shipped, save the container and packing material
for future use,

22 POWER REQUIREMENTS.

Connection of a DC power source
to AC power connector J1 or con-
nection of an AC power source to
DC power connector J2 will dam-
age both the power cable and con-
nector.

DC OPERATION

Make sure that the DC power cable
is connected to DC connector J2
and that power switch Sl is set at
DC.

AC OPERATION

Make sure that the appropriate AC
power cable, 115 VAC or 230 VAC
is connected to AC connector J1
and that power switch S1 is ser at
the appropriate AC position, either
115 VAC or 230 VAC.

The RF-301 Transceiver may be operated from
115 or 230 volt, 50—-60 cycle, single phase AC

power or from 13.5 or 27.5 volt DC power when
the appropriate DC Power Module is installed.

When shipped for domestic use the unit is set for
115 VAC operation with a 4 AMP fuse installed in
fuseholder XF2 (AC). Connect the supplied 115
VAC line cord to J1.

CAUTION

Do not turn line power switch (S1)
with power applied to set.

To change to 230 VAC operation, the fuse in XF2
must be replaced by a 3 AMP fuse and line power
switch (S1) must be set at the 230 VAC position.
A 230 VAC line cord must be used in place of
the 115 VAC line cord.

NOTE

The 115 VACline cord shipped with
the RF-301 can be rewired for 230
VAC operation by removing the
black wire from pin 1 of P1, and re-
connecting it to pin 3.

When shipped for overseas use, the RF-301 is set
for 230 VAC operation with a2 3 AMP fuse installed
in fuseholder XF2 (AC). Connect the supplied 230
VAC line cord to J1.

The power requirements are indicated by actual cur-
rent drains listed in table 2.1 for operation on
various line voltages and under various operating
conditions. Be sure the power system for the trans-
ceiver is able to properly supply the necessary cur-
rent requirements for your installation.

NOTE

The transceiver can be operated on
135 or 27.5 volt DC power only if
the appropriate DC Power Module
has been installed in the rransceiver.

2-1
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Figure 2.1 — RF-301 Rear Panel

Table 2.1 — RF-301 Current Drains Under Various Load Conditions

LINE VOLT. | STDBY | RECV | XMIT SSB IDLE | XMIT SSB PEAK | XMIT CW OR FSK AVG | XMIT AM AVG
115AC .5A .BA 1.34 2.84 29A . 2.3A
230AC 25A A7 654 1.4A 154 1.2A
13.5DC 6A 104 11A 254 27A 224
27.50C 3A 5A 5.5A 12A 13A 10.5A

Separate DC Power Modules are used for 13.5 or NOTE

26.0 VDC operation. The RF-303 is used for 13.5

VDC operation, and the RF-304 is used for 26.0 If specified fuses blow repeatedly a

VDC. The line power switch (S1) must be set at
the DC position. The AC power cord should be
removed from J1, and the DC power cable must
be connected to J2.

! CAUTION ‘

Under no circumstances should fuses
be used with ratings above those
specified.

For 13.5 VDC operation, a 25 AMP fuse must be
used in the XF1 (DC) fuseholder and for 27.5 VDC,
a 15 AMP fuse must be used in XF1.

22

techmnician should check the set and
the power source. Frequently power
line mransients cause fuses to blow.
The correct remedy is to mstall a
line regulator. Heavier rated fuses
should not be used.

The external DC power source for the DC Power
Modules should be voitage regulated with surge
variations not exceeding £ 10%, and have regu-
lation and filtering adequate to prevent combina-
tion surge and transcient peaks in excess of 30%.
Operation with supply variations in excess of
these limits can result in damaged components in
the converter, or particularly with use of the 13.5
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vDC Power Module, damaged components in the
transceiver. In the case of mobile or marne instal-
lations, where wide variations in engine/generator
RPM are normal, proper voltage regulation and
transcient suppression are extremely important.

The power, microphone, and remote
connectors are of the push-onfpull-
off type. Do not attempt 1o rwist
plugs to remove them.

2.3 INSTALLATION OF DC POWER MODULES.

If supplied for a transceiver already in use, the DC
Power Module (either RF-303 or RF-304) must be
installed in the set. Remove covers from the trans-
ceiver and set it bottom side up with the front
panel facing left. The DC Power Module is installed
in the open space next to power transformer T1,
figure 2.2. Dress the wire leads toward the termi-
nals of Tl and secure the module with the four
screws supplied. Two screws are to be installed
from the top of the chassis into the module
bracket and two through the module bracket in-
to the shield flange on the bottom of the chassis.

2.3.1 RF-303 INSTALLATION.

a. Connect yellow lead of the RF-303 to clip 3 on
S1-A, see figure 2.2, and solder.

b. Connect the blue lead of the RF-303 to the top
terminal on the vertical terminal strip adjacent to
XF-1 and solder.

¢. Connect the red lead of the RF-303 to the end
terminal of fuseholder XF-1, and solder.

d. Connect a jumper from T1 terminal 7 to the
two jumpered terminals with the blue lead, solder
both places.

e. Connect the long black lead of the RF-303
to terminal 6 and the short black lead to terminal
8 of T1, solder both places.

2.3.2 RF-304 INSTALLATION.

a. Connect the ycliow lead of the RF-304 to clip
3 on S1-A, see figure 2.2, and solder.

b. Connect the black lead of the RF-304 to the
top terminal on the vertical terminal strip adjacent
to XF-1 and solder.

c. Connect blue lead of the RF-304 to the end
terminal of fuseholder XF-1, see figure 2.2.

d. Connect a jumper from end terminal of fuse-
holder XF-1 to terminal 7 of T1, solder both places.

e. Connect one white lead of the RF-304 to
terminal 5 of T1 and the other white lead to termi-
nal 9 of T1, solder both places.

2.4 DCPOWER CABLE INSTALLATION.

The appropriate DC Power Cable for use with the
DC Power Module installed or to be installed is sup-
plied with the Power Module, complete with con-
nectors. Connect the lug terminated ends of the
cable to the batteries, or DC power source to be
used, using battery cable connectors or other
appropriate hardware; and connect the six termi-
nal connectors on other end of cable to J2 on rear

of transceiver. Cable polarity requirements are indi-

cated by tags at the lug ends, rather than by color.
The RF-301 can be operated in systems with posi-
tive or negative grounds or floating systems (no
ground to battery). In all cases the transceiver
chassis should be grounded.

2.5 MOUNTING

The transceiver is equipped with rubber feet so that
it may be set directly on a table or similar flat
surface. The front feet are longer than the rear feet
to provide a convenient operating angle. Care is re-
quired to prevent blocking the air intake under the
case when the transceiver is on an uneven surface.
Minimum clearance of 3/4 inch should be allowed
on each side, and 2 inches at the rear of the trans-
ceiver for cabling.

The RF-305A Shockmount is designed to be used
with the transceiver in vehicular installations. An
air filter is built into the shockmount directly under
the air intake on the transceiver cabinet.

To install the shockmount, set it temporarily on
the mounting surface. allowing 2 inch clearance on
both sides and 2 inches on back of the transceiver
(see figure 2.3). Mark the position of the mounting

2.3
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TERMINAL

VERTICAL
STRIPS

2~

MOUNTING HOLES

Figure 2.2 — DC Power Module Connections

24
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holes in the corners of the shockmount base piate.
Drill the holes. and securely bolt the shockmount
base to the vehicle.

The transceiver should be set on the shockmount
with the rubber feet inserted in the round portion
of the key-hole slots. Tightening the screws on the
front of the shockmount will lock the units in
place.

When the transceiver is used in dusty locations with-
out the shockmount, it is recommended that the
accessory RF-3006 Air Filter be used. It is attached
directly to the bottom cover of the transceiver using
the filter tray supplied with it. The filter tray should
be permanently bolted to the bottom cover with its
opening toward the front of the transceiver. The
filter is held in the tray by means of screws threaded
into the filter.

2.6 TYPICAL ANTENNA INSTALLATIONS.

The RF-301 transceiver is designed to operate into
a 52-ohm resistive antenna system with a VSWR of
less than 1.5/1. This may be a non-resonant whip or
long wire antenna tuned by an antenna coupler to
operate at the desired frequency, or resonant dipole
antenna cut for operation at a particular frequency.

2.6.] BASE STATION NON-RESONANT AN-
TENNAS.

For base station operation, a non-resonant whip or
long wire antenna, tuned by an antenna coupler is
recommended to permit efficient use of all assigned
frequencies within the 2 to 15 MHz frequency range
of the RF-301 Transceiver.

Whip-type antenna kits SB-V16 through V35A,
ranging from 16 to 35 feet in length, are available
for base operations involving communications with
mobile units, or at restricted antenna locations.
For optimum operation between base stations, long
wire antennas, such as those constructed with the
SB-A75/150 Long Wire Antenna Kit, are more effec-
tive, particularly at the lower frequencies, and are
recommended. The RF-302 Antenna Coupler will
match any whip-type or long wire antenna over
16 feet in length to the 52-ohm output of the RF-
301 Transceiver over the 2 to 15 MHz frequency
range. Shorter antennas may be used, but are not
as efficient at the lower frequencies.

26

Instructions for the installation of the SB-VIG
through SB-V35 series Whip Antenna Kits. and the
SB-A75/150 Long Wire Antenna Kit, arc included
with the Kkits. Instructions for the instailation and
operation of the RF-302 Antenna Coupler are
contained in its instruction manual. Typical base
station installations are shown in figure 2.4,

The connection from the antenna base to the an-
tennat insulator on the coupler should be made
with the heavy, fiexible insulated cable supplied.
or with the insulated inner conductor from a
lenath of RG-8/U cable. THIS LEAD MUST BE
LESS THAN 2-1/2 FEET IN LENGTH. All con-
nections must be secure. If the antenna lead will
be subject to movement. it should be supported
in a few places by high voltage standoff insulators
of the material and size used on the rear of the
coupler. The type of insulator used on the coupler
is recommended for installations in which the
antenna lead must go through u bulkhead to reach
the antenna.

When the antenna coupler is mounted near the
transceiver, the antenna lead will radiate some
amount of RF energy. Therefore, any connec-
tions to the REMOTE connector on the trans-
ceiver should be made using shielded wire to avoid
RF pickup.

Coaxial connection from transceiver to antenna cou-
pler shouid be made with 50 ohm coaxial line-such
as type RG-8/U and UHF type-connectors.

Extended lengths-up to 100 feet, if necessary-of
RG-8/U cable may be used between coupler and
transceiver; however the lead between the coupler
and antenna acts as a part of the antenna itsclf.
radiates, and is very inefficient. 1t also causes mis-
tuning of the coupler. The importance of having
the antenna coupler as close as possible to the an-
tenna cannot be over-emphasized. Likewise, any.
extended length of lead between the coupler and
a good electrical ground acts as a part of the an-
tenna. In addition to resulting in poor operation
of the antenna system, a long ground lead may
result in having an RF voltage on the coupler
chassis, causing improper operation and presenting
a shock hazard.

If the antenna coupler will be a considerfxble dis-
tance from the transceiver, it may be desirable to
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TYPICAL RF-301 SYSTEMS

- RF-3024
RF-301A COUPLER SB-VI6 or V35

TRANSCEIVER ___ FIBREGLASS WHIP "
or any olher ontenna d 1
nine feet in length - \
or longer \

SB-A75/150
LONG WIRE
ANT. KIT.

A0

AS NEAR ANTENNA
BASE AS POSSIBLE

LOCATE EQUIPMENT ia,#

CONTROL UNIT (Optional)

RF-302RA
RF-30IA COUPLER SB-ViI6 or V35
TRANSCEIVER _ CONTROL-LNIT FIBREGLASS WHIP |
$8-A75/150 F
LONG WIRE
RF-3058 el
SHOCKMOUNT
RF-307A REMOTE S f) \
CONTROL UNIT (Optionat) )
CONTRO LOCATE EQUIPMENT
@ mL5$B§ AS NEAR ANTENNA
; // BASE AS POSSIBLE
RF-302RA

COUPLER UNIT

Figure 2.4 — Typical Base Station Installations
2.7
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install a 50 ohm, 100 W dummy load and coaxial
transfer switch near the transceiver as shown in
figure 2.5. It will also be helpful to have a KEY
switch at the coupler location to key the trans-
ceiver when it is desired to tune. See figure 2.5.
If available, a commercial coaxial switch, such
as Dow-Key’s DK-78-2, should be used. Otherwise
one can be constructed using 2 small metal box,
UHF connectors, and a good quality ceramic rotary
switch of the type intended for switching RF power.
Leads to switch should be heavy and very short.

Both the antenna coupler and the transceiver shock-
mounts must have good electrical ground connec-
tions. Connections should be made with separate
heavy braids (such as the braid from a length of
RG-8/U cable) to the ground post on the antenna
coupler and to a point at the rear of the shock-
mount. Remove paint on shockmount and bulk-
head around areas of connection. THE GROUND
LEADS MUST BE LESS THAN 12 IN. LONG.

A base station ground system should be a grounded
pipe or a counterpoise system with grounds rods
driven in moist soil. The ground connection lead
should be of heavy wire and as short as possible.

2.6.2 BASE STATION RESONANT ANTENNAS.

For base station resonant antenna operation, a half-
wave dipole is the simplest to construct. Its opera-
tion is efficient, however, for only a narrow band
of frequencies within 2-1/2% of its center resonant
frequency. Separate dipole antennas must therefore,
be constructed for each small band of frequencies
to be used.

Using the dipole antenna at frequencies other than
its resonant frequency will result in impedances
that will cause a high VSWR on the transmission
line, and large losses to the transmitter power
output. In addition, the impedance presented to the
transmitter will not be correct, causing improper
operation of the transmitter itself.

The length of the coaxial cable does not affect the
resonant frequency of the dipole antenna. Fifty
foot of cable is supplied, but it may be necessary
to add additional cable to reach the transceiver.
The cable should run at right angles to the antenna
for at least a quarter wavelength.
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The RF-334 Doublet Antenna Kit is a self-contained
doublet antenna in a molded plastic reel container.
The antenna consists of two flexible metal tape cle-
ments (marked in metres), two attached support
ropes. and center coaxial connector. Included sepa-
rately are 50 feet of coaxial cable and u conncctor
adaptor for connecting the antenna to the trans-
ceiver. To erect the antenna, the operator reels out
the proper amount of tape, as determined by the
operating frequency, and connects the coaxial cable
to the center connector. The ends of the antenna
are then tied to supporting objects with the rope,
The doublet antenna is usually preferred for long
distance communications.

NOTE

An antenna coupler is not reguired
when using aresonant antenna. Con-
nect the coaxial lead-in directly to
ANTENNA connector on the trans-
cewver. The use of a Balun coil (1:1
rario at the antenna feed point) is
recommended to assure radiation
symmetry.

Three types of antennas can be constructed with
the RF-334 Doublet Antenna Kit. All three are
doublet antennas, that is, they have two legs of
equal length and have one leg connected to the
inner conductor of the coaxial cable and the other
leg connected to the shield. The antenna elements
have a combined length of an electrical half wave-
length (one-quarter wavelength for each element).

A horizontal doublet can be erected as shown in
figure 2.6 by suspending the antenna by its ends
between two trees or other tall objects.

If only one tall support is available, an inverted
V antenna can be constructed as shown in figure
2.7. In this case, the antenna is suspended from -
the supporting structure with nylon cord or any
other insulating cord and the two legs are tied at
the ends to stakes in the ground. For best operation,
an inverted V should have an angle of about 90° be-
tween elements. In practice, angles between 90° and
120° are permissable.

Because the ends of an inverted V antenna are close
to ground and because ground properties vary with
location, it is advisable to insert an SWR bridge in
the coax feed line and prune the ends until the
lowest SWR is obtained.
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coaxial CABLE

70 50 {] 100W
DUMMY LOAD

COAXIALCABLE

M

R ANSCEIVER

RF OU7P¥JR

CONNEC COAXIAL CABLE
TO ANTENNA

— COUPLER

t e I ; SPST
: TOGGLE
L € SWITCH

COAXIAL TRANSFER SWITCH
WITH UHF CONNECTORS

USE SHIELDED CABLE
TO PREVENT RF PICKUP

2 PIN PLUG

TO REMOTE KEY SWITCH AT
CONNECTOR ON COUPLER LOCATION
TRANSCEIVER

Figure 2.5 — Dummy Load and Key Switches

TOTAL ANTENNA LENG TH:

FEET= 468
FREQ (MCS)
METERS = 142.5
FREQ (MCS)

POLE HEIGHT 20FT OR
TMETERS MINIMUM

Figure 2.6 — Doublet Antenna Construction Data

Another variation of the doublet is the slanted
doublet antenna, not shown. A slanted doublet an-
tenna is a combination of the horizontal and in-
verted V;that is, one end is secured to a tall vertical
support, the other end is secured to a stake driven
into the ground. This antenna may provide better
results for some forms of propagation such as long
skip or operation with another nearby station using
a whip antenna.

All of these antennas are directional in nature, with
the antenna providing better response to received
signals from directions perpendicular to the antenna
and radiating more of the transmitted signal in those
directions than in others.

With any of these types of antennas, the procedure
for installing the antenna is basically the same. The
only variations are in the method of suspension and
the points at which the ends are fied. Assemble the
antenna as follows:

a. Unree] the required lengths of metal tape from
the reel. Metre markers are provided on the tape

TOTAL ANTENNA LENGTH:
FEET= 490
FREQ CMCS)

METERS= __ 149
FREQ (MCS)

POLE HEIGHT APPROX.
X ANTENNA LENGTH

Figure 2.7 — Inverted V Antenna Construction Data
28
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and a table for conversion of metres to frequency
is provided on the reel assembly. The length of each
element can also be determined by the use of the
formulas in figure 2.6 or 2.7. Allow proportionate
additional lengths to compensate between markers
for other frequencies. The antenna elements must
be very close to the correct resonant lengths to
provide proper operation. The transmitter can be
damaged by operation with improper antenna
lengths.

b. Secure the tape to the reel assembly using the
wing nuts on the top of the assembly.

¢. Unreel the coaxizl cable and connect one end
to the connector on the reel assembly. Connect
the other end into the ANT connector on the front
panel of the transceiver.

d. Determine how the antenna is to be supported.
Tie ends (and the reel assembly, if necessary) to
the supports or stakes using the attached rope. When
tying the ends to trees, be sure to leave some slack
to allow for movement of the trees in the wind.

e. Position the transceiver, if possible, so that the
coaxial cable does not hang near either of the an-
tenna elements. If the coaxial cable is run parallel
to one of the elements, some detuning of the an-
tenna may occur. The best routing of the coaxial
cable is perpendicular to the antenna.

2.6.3 MOBILE ANTENNAS.

Vehicular installations generally employ 16 or 35
foot whip antennas. On small vehicles, such as jeep.
a 16 foot whip is recommended. On larger vehicles
or when greater efficiency is desired. a 35 foot
whip should be used. During long periods of sta-
tionary operation. a long-wire antenna may be used
for the lower frequencies. This may be desired be-
cause of its increased effectiveness at these [re-
quencies. The RF-302 Antenna Coupler has been
designed to match these antennas to the transceiver.
Refer to the RF-302 instruction manual for antenny
coupler operating instructions.

2-10

ANTENNA LEAD LESS
THAN 3 FEET LONG

HEAVY GAUGE WIRE ]
DIRECTLY TO BATTERY

SECURE
GROUND
- CONNZCTIONS

BOLT SHOCK MOUNT ALLOW 2 IN. CLEARANCE
BASE SECURELY TO BETWEEN SMOCKMOUNTS
B00Y FOR MOVEMENT

Figure 2.8 — Typical Installation in 2 Vehicle

2.7 ACCESSORY CONNECTIONS.

REMOTE connector J3 on the rear of the trans-
ceiver provides remote audio and keyline facilities
for use with accessories. Figure 2.9 represents
these facilities schematically and identifies the pin
connections. Besides the nine pins used there are
three spare pins. An RF #P-0401 plug should be
used to mate with 13.

The RF-307 Remote Audio Control is supplied
with 2 cable that will connect to REMOTE con-
nector J3 on the transceiver.

When the RF-307 Remote Audio unit is operated
from the 12 VDC power supply in the RF-30!
transceiver. the SPEAKER SWITCH on the RF-301
should be left in the off position. If it is necessary
to operate both zudio systems simultaneously. use
of minimum permissible gain scttings is recom-
mended.

Use of high gain settings in both units at the same
time may result in blowing of fuse F3 in the RF-301
12 VDC power supply at large audio signal levels.
IT high gain scttings are required at both units, use
of a separate 12 VDC. 600 ma.. supply for the RF-
307 is recommended.
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should be left in the off position. If it is necessary
to operate both audio systems simultaneously, use
of minimum permissible gain settings is recom-
mended.

Use of high gain settings in both units at the same
time may result in blowing of fuse F3 in the RF-301
12 VDC power supply at large audio signal levels.
If high gain settings are required at both units, use
of a separate 12 VDC, 600 ma., supply for the RF-
307 is recommended.

e

3 =}

—~

<4
El
<6

< 7| KEYLINE

600 OHM BALANCED
AUDIO INPUT

Y

600 OHM BALANCED
AUDIO OUTPUT

LE

——.—..—.—.—.-—.——-—1

% <8| GROUND
= ———<% +12v
f 1] § SPARES
—< 12

TRANSCEIVER J3

Figure 2.9 — Remote Connections

2.8 MICROPHONE, HEADPHONE, AND CW HAND KEY
CONNECTIDNS.

The microphone or handset supplied with the trans-
ceiver has a2 connector installed which mates with
the HANDSET connector on the transceiver front
panel.

Headphones equipped with a type PG-0055, WE-47
or equivalent phone plug will mate with HEAD-
PHONE jack on the front panel. However, when
headphones are connected, the audio signal is re-
moved from the front panel HANDSET connector.

Other microphones and devices such as a CW hand
key must be wired to a 7 pin (RF P/N P-0400) plug
in accordance with information given in table 2.2.
All devices are connected between a signal line and
a ground line. If the microphone cable has a shield,
the shield should be grounded.

Table 2.2 — Handset Plug Connections

PIN NO. FUNCTION

Spare

Carbon Mic,
Earphone
‘Ground

Dynamic Mic.
Ground

Key line or CW Key

N B WN -

2-11/2-12
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SECTION 3
OPERATION

3.1 GENERAL DESCRIPTION.

The RF-301 is a completely self-contained trans-
mitter and receiver designed for simple operation
and ease of tuning. It will transmit and receive SSB
(USB or LSB), AM, CW, and FSK signals in the
frequency range of 2 to 15 MHz. A frequency syn-
thesizer employing a highly stable frequency stan-
dard is used for digital frequency selection. Vernier
tuning between even channel frequencies is pro-
- vided for both receiving and transmitting.

32 DESCRIPTION OF CONTROLS, INDICATORS AND
CONNECTORS.

The front panel operating controls, connector and
meter are shown in figure 3.1. The rear panel con-
trols and connectors have already been described in
Section 2. The functions of the front panel con-
trols are described in table 3.1.

Figure 3.1 — Front Panel Operating Controls
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Table 3.1 — Front Panel Devices

FUNCTION SWITCH

QFF
Disconnects primary power from set

STOBY
Applies power 1o circuits requiring warmup prior 10 operation.

uss
Applies full power 1o set and selects Upper-Sideband moce of
cperation,

LS8
Applies full cower to set and selects Lower-Sideband mode of
operation.

AM
Applies full power 1o set and salects compatible AM mode of
operation.

cw
Applies full power to the set and selects CW mede of opera-
tion. Transmitter switches and is held on for one-half second
by ciosing hand (code} key.

FREQUENCY KILOCYCLES Switches
Select operating frequency in increments of 1000, 100, 10 and
1 kHz, respectively, from left to right. In addition, the 1 kHz
(righthand) knab may be pulled out to allow vernier
Tuning between channels.

HANDSET Jack
Connector for local handset, microphane, or hand-key.

P A TUNE
Used to tune transmitier output for peak indication on meter,

PRESELECTOR
Used to wne receiver RF amplifier for maximum signal strength
and transmitter driver stage for maximum transmitier output. A
lock is provided to prevent movement of the PRESELECTOR
ance tuning is accomplished.

Meter
Indicates signal strength on receive and RF output on transmit

RECEIVER AUDIO Gain Control
Controls local audio level.

TRANSMIT AUDIO Gain Control
Controls transmitter drive level. TUNE position limits RF autput
10 25 W for tuning.

RF GAIN Control
Controls receiver sensitivity

NOISE LIMITER Switch
Turns noise limiter on and off.

SPEAKER SWITCH
Mutes speaker in OFF position

HEADPHONE Jack
Connector for local headphones to monitor audio signals. When
in use audio is disconnected from HANDSET connector.

KEYLINE Switch
LOCAL
Disconnects keyline from rear panel REMOTE connector
Transceiver can be keyed at HANDSET cennector only.
LOCAL/REMOTE

Transceiver can be keyed st either the REMOTE or HANDSET

connector,

3.3 FREQUENCY SETTING.

The operating frequency is selected by setting the
FREQUENCY: switches, one for each digit, as you
would write the frequency in kilo-Hertz. The
pointers over the knobs point to the numbers se-
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lected. The ifeft hand knob indicates in multiples of
1,000 kHz, the second knob in multiples of 100
kHz, the third in multiples of 10 kHz, and the
fourth in multiples of 1 kHz. Thus. to operate on
3,259 kilo-Hertz (kHz), set the switches, from
left to right, on 3, 2, 5, and 9. Vernier tuning,
between even | kHz increments, can be accom-
plished by pulling the right hand frequency knob
out. It will then tune smoothly from 0 to 10 kHz.
The lines on the knob mark off 100 Hz (0.) kHz)
increments. Rotate the knob and push toward
the panel to lock the switch in digital operation
when vernier tuning is not used.

3.4 PREPARATION FOR OPERATION.

When applying power to sets not at normal oper-
ating temperature, turn the FUNCTION switch to
STBY and allow the tube heaters to warm up fora
few minutes before operating.

z CAUTION

Never key the transmitrer without
having an antenna or a 5252, 200 W
dummy load connected.

3.5 OPERATIDN
Operating with headphones connected is the same
as with a HANDSET or using the front panel

speaker. Set RECEIVE AUDIO gain control for a
comfortable listening level.

NOTE
If headphones are used, the received
audio signal is disconnected from
the handser.
3.5.1 RECEIVER ADJUSTMENTS.

The following procedure should be used to set the
operating controls for receiving.

a. Warm up set as explained in paragraph 3.4.

b. Select frequency as explained in paragraph 3.3.
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c. Set FUNCTION switch to desired mode.
d. Turn SPEAKER SWITCH to ON position.

e. Set RF GAIN control to maximum clockwise
position. Set TRANSMIT AUDIO control fully
clockwise to TUNE detent.

f. Set RECEIVE AUDIO gain control for com-
fortabie listening level.

g. Set the PRESELECTOR control somewhat
below the lower limit of MHz band to be used and
tune up into band for first noise peak.

NOTE

It is possible to nurn the PRESELEC-
TOR to spurious signals at other
points on thedial, particularly above
the selected frequency. By starting
below this frequency and tuning up-
ward o it, the chances of tuning to
a spurious signal are minimized.
Check PRESELECTOR dial indi-
cation ro inswre it is peaked near
the proper freguency, allowing jor
calibration errors.

h. To tune to a transmitted signal rotate the
TRANSMIT AUDIO control fully counterclock-
wise and tune PRESELECTOR for peak indication
on meter. If the signal appears to be off-frequency,
use vernier (VFQO) tuning as described in paragraph
33.

i. Readjust RECEIVE AUDIO gain control if
necessary. If ignition or other pulse type noise
becomes objectionable, turn NOISE LIMITER ON.

NOTE

The RF GAIN conrrol is normally
left fully clockwise for maximum
sensirivity, but can be turmed down
Jor extremely strong signals or 10
reduce the background noise. By
setzing the RF GAIN control so
that the S-meter fluctuates only
about 1/2 S-unit during a period
of reception, background noise nor-
mally heard between speech syl-
lables is reduced considerably.

3.5.2 TRANSMITTER ADJUSTMENTS.

The following procedures should be used to set the
operating controls for transmitting:

a. Perform steps listed for receiver operation in
paragraph 3.5.1.

b. Turn TRANSMIT AUDIO control fully clock-
wise to TUNE position detent.

NOTE

Power output is limited to 25 watis
Jor tuning purposes.

c. Preset PA TUNE control to approximate fre-
quency on scale.

NOTE

If a resonant antenna system Is used,
the transmitter must be tuned with-
in the band of frequencies ar which
the antenna is resonans.

d. Place the FUNCTION switch in CW position.
Set KEYLINE switch to LOCAL.

e. Plug microphone or handset into HANDSET
jack. Depress the microphone switch or key.

f. Adjust PA TUNE for maximum output.

f CAUTION ;

This equipment may be damaged if
transceiver is set for more than 25
watts output before antenna cou-
pler is tuned.

g. Tune the associated antenna coupler, if used,
according to the instruction manual supplied with
it.
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h. Release the microphone switch or hand key.
Turn TRANSMIT AUDIO control fully counter-
clockwise. Depress the microphone switch or CW
hand key and advance the TRANSMIT AUDIO con-
trol until 25 to 50 watts output is indicated.

i. Re-adjust PRESELECTOR control (slightly)
for maximum output. Secure PRESELECTOR con-
trol from movement by tightening the PRESELEC-

TOR lock.

j. After both transmitter and antenna are tuned,
advance the TRANSMIT AUDIO control to point
where maximum power indication on the meter
is first obtained. Advance TRANSMIT AUDIO con-
trol the equivalent of two of its dial divisions be-
yond this point, and readjust the PA TUNE con-
trol for peak indication on the meter. Note the
amount of this indication and then turn TRANS-
MIT AUDIO control fully counterclockwise.

k. Unkey transmitter and select desired oper-
ating mode (i.e., USB, LSB, AM, or CW). Key trans-
mitter and advance TRANSMIT AUDIO control to
the point where the maximum indication on the
meter during voice modulation peaks is equal to
the amount noted at the end of step j above. Ad-
vance TRANSMIT AUDIO control the equivalent
of one of its dial divisions beyond this point.

NOTE

Advancing the TRANSMIT AUDIO
control appreciably beyond this set-
ting will greatly incregse distortion
of the transmirtted signal, but will
have little effect on peak power
output.

3.5.3 KEYING THE TRANSMITTER.
NOTE

Remore keying of the transceiver
can be inhibited by serting the KEY-
LINE switch at LOCAL. This per-
mirs keying by the local operator
oniy. If keying by both a local
operator and a remote operator is
desired, set the KEYLINE switch
at LOCAL/REMOTE.

When operating on SSB or AM, press the micro-
phone button to key the transmitter.

When operating on CW, the transceiver will auto-
matically transmit as you begin sending and return
to receive when you stop sending.

3.6 OPERATOR MAINTENANCE.

The air filter, if used, should periodically be re-
moved and cleaned. The filter tray on the shock-
mount may be removed by loosening its screw and
sliding it forward. The filter on the transceiver base
plate when the shockmount is not used may be de-
tached by removing the screws holding the fiiter
in the tray. The filter can then be slid out from
the tray and cleaned.

To clean the filter, first remove loose dirt by rap-
ping filter gently on a hard surface. Then, wash the
filter with hot, soapy water. Rinse and dry filter
thoroughly. After cleaning reinstall filter and tray.
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SECTION 4
PRINCIPLES OF OPERATION

4.1 FUNCTIONAL DESCRIPTION,

The RF-301 Transceiverisa triple-conversion super-
heterodyne receiver and transmitter, tunable over
the high-frequency range of 2-15 MHz.

Digital frequency selection is accomplished by set-
ting four controls on the front panel. These con-
trols establish the operating frequency in multiples
of 1000 kHz, 100 kHz, 10 kHz, and 1 kHz, respec-
tively, from left toright on the panel. The displayed
frequency is read on the knobs under the pointers
and is variable in 1 kHz steps. The frequency is pre-
cisely controlled by a highly stable frequency stan-
dard. The synthesizer can be unlocked, and the
transceiver can be tuned to any “‘off<channel” fre-
quency if desired. Vemnier tuning is calibrated on
the knob in 100 Hz (0.1 kHz) increments. The 1
kHz knob is pulled out and tuned continuously
rather than in | kHz steps.

The transceiver will operate in the USB, LSB, AM
and CW modes and will provide a minimum of 100
watts PEP output in any of these modes. Audio
and keying facilities are provided for in both local

and remote operation. The transceiver will operate
on 115 and 230 VAC, 50-60 Hz, single phase;
and 13.5 or 26.0 VDC primary power.

42 MAIN SIGNAL FLOW.

The RF-30] Transceiver, with the €xception of the
frequency synthesizer, is a straight-forward triple
conversion superheterodyne circuit. Consider the
frequency synthesizer as a ‘‘block box™ which
generates all of the internal frequencies for injec-
tion to the various mixers in the transceiver. Re-
fer to the simplified block diagram in figure 4.1.

There are two main signal paths, one for receiving
and one for transmitting. Arrow heads marked “T”
indicate the direction of transmit signal flow, and
those marked ““R” show the direction of the receive
signal flow. When receiving, the signal from the
antenna is connected by the antenna transfer relay
through Receiver Protector assembly to the RF
Amplifier assembly. The amplified signal is fed into
the Translator assembly, which contains a series of
three mixers and two filters. The frequency syn-
thesizer supplies the injection frequencies required

SIGNAL FREQ ADDS8 SUBTRACT 455 KCS 455 KCS AUDIO
T T R _ITr TR R R
POWER |, RF [ olTrRans- L 0 o oo la ol IF o i o REC
AMPL AMPL LATOR AMPL AUDIO
f“ 3 AT R
NEC 455 KCS R
PROT SPKR
& 455 KCS
o T/R
A R FREQUENCY cwW
RELAY 455KCS Tl yop Lot
SYNTHESIZER AuDIO | OSC
T R
ANTENNA @ AUDIO TT T
MIC CW KEY

Figure 4.1 — RF-301 Simplified Block Diagram, lllustrating Signal Flow
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for the mixers. The Translator first raises the re-
ceived signal to a frequency slightly above 17 MHz,
and then, in two more steps, it converts the signal
to frequencies of 11.1 MHz and 455 kHz. The
Translator output at 455 kHz is fed through a
filter assembly where the filter with the appropriate
passband for the mode of operation is selected by
the FUNCTION switch on the front panel of the
transceiver. No filter is used for AM reception. The
output from the IF Amplifier assembly is demod-
ulated by either the AM or SSB detector, and the
resultant audio signal is amplified by the Audio
Amplifier assembly and fed to the speaker.

The transmit signal flows much the same as the
receive signal, but in the opposite direction. Audio
from the microphone or CW oscillator is amplified
by an audio stage and modulates the 455 kHz in-
jection frequency at the balanced modulator. The
IF Amplifier, Translator and RF Amplifier assem-
blies perform the same functions as when receiving,
but in the opposite sequence. The modulated 455
kHz signal is amplified by the IF amplifier assem-
bly and the unwanted sideband is attenuated in a
filter selected by the mode switch. The modulated
and filtered 455 kHz signal is converted to the
operating frequency in the Translator assembly.
In AM mode, the carrier is re-inserted at the point
where the signal enters the Translator. The RF
Amplifier assembly acts as a driver for the power
amplifier (PA) stage. The antenna transfer relay
connects the PA output to the antenna. The RF
amplifier and PA stages are tuned by combinations
of fixed capacitors selected by the 1000 kHz fre-
quency switch and variable inductors adjusted by
the PRESELECTOR and PA TUNE controls.

43 FREQUENCY SYNTHESIZER.

The frequency synthesizer generates the frequencies
used in the superheterodyne frequency-conversion
process. It employs crystal oscillators, error mixers,
frequency dividers, spectrum generators and a fre-
quency standard as shown in figure 4.2. The synthe-
sizer, in effect, generates the desired frequencies
with accuracy and stability matching those of the
precise frequency standard.

43.1 ERROR MIXERS.

As shown in figure 4.2, the crystal oscillator output,
with a certain frequency error, is fed into the
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Translator. The same cutput is fed into an error
mixer, which compares the oscillator frequency and
a frequency from a spectrum generator. Since the
spectrum generator derives its accuracy from the
frequency standard, the error mixer produces an
output containing the combined errors of the fre-
quency standard and the crystal oscillator. The er-
ror of the frequency standard is negligible compared
to that of the crystal, so we consider it as being non-
existant. Thus the error mixer output consists of a
new frequency which contains the same amount of
erroras that of the crystal oscillator. Because of the
algebraic method in which the error mixer subtracts
the crystal oscillator frequency from the spectrum
frequency, the relationship between the error and
the frequency is reversed. If the crystal oscillator
has a positive error (high in frequency) the error
mixer output frequency will have a negative error
(low in frequency), and vice-versa.

4.3.2 ERROR CANCELLING.

The error mixer output frequency, with its reversed
error, is fed into the Translator. The Translator
mixes this frequency and its reversed error with the
signal and its error inherited from the crystal oscil-
lator. The crystal osciliator error and the reversed
error cancel, and a new frequency is produced with
no error other than the frequency standard error.

4.3.3 SYNTHESIZER SIGNAL FLOW.

The error cancelling system, as described, illustrates
the manner in which one oscillator frequency error
is cancelled. In actual operation, there are four crys-
tal oscillators, and the synthesizer has many error
signal paths and many frequencies generated for its
own operation. Referring to figure 4.3, the frequen-
cy standard operates at 1 MHz. The dividers and
spectrum generators use this frequency to generate
spectrums of frequencies in multiples of 1 MHz,
100 kHz, 10 kHz, and 1 kHz. Each spectrum con-
tains at Jeast 10 distinct frequencies. Each pair of
spectrums and oscillator frequencies is mixed and
filtered so that only the desired mixer product is de-
rived. There are two error mixer assemblies. One
has an output at approximately 11.6 MHz, and the
other has an output at approximately 455 kHz. Each
output contains a reversed frequency EITor. The
11.6 MHz error signal is fed into the Translator,
and the 455 kHz error signal is fed into the SSB
balanced modulator/detector.
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TRANSLATOR
Y
: STABLE
CRYSTAL FREQUENCY DIVIDERS |
0sC SPECTRUM GENERATORS ?;.E&UD&"R?
ERROR o 455 KCS TO

MIXERS MOD AND DET

Figure 4.2 — Frequency Synthesizer Simplified Block Diagram, lllustrating Error Loop

Refer to figure 4.6 at the end of this section. Itisa Table 4.1 — Crystal Oscillator and Spectrum Frequencies
block diagram of the entire transceiver, showing all
of the assemblies and their stages. It includes signal
paths and passband frequencies of the filters in the

CRYSTAL OSCILLATOR FREQUENCIES (MHz)

synthesizer assemblies. Notice that the filters do not
However, only one of the mixer products will pass
through the filter in any of the many possible fre- 0 = 6.147 1.8465 0.7985
quency combinations. Notice, too, that the fre- ; i 2233; }gggg g';g'ég
qqencies are mixed in successix_ve steps in the Error 3 14.247 6.047 18185 07955
Mixer and Translator assemblies. Figure 4.6 also g }gﬁg; 25644; 1?322 g.;ggg
- - ¥, ; 1. &
shows the metl_lod of changing IF sideband filters F 19247 6747 17868 07955
with the operating mode. 7 10.247 6.847 1.7765 07915
8 Q247 6.947 1.7665 0.7905
Table 4.1 shows the crystal oscillator frequency = <o g 1;2565 0.7895
responding to each FREQUENCY control setting. 1 5247 = 22 -~
It also shows the spectrum frequencies used in each }g 2%3_7, = = =
generated spectrum. 13 3247 = 2 5
SIGNAL FREQ ADD & SUSTRACLT 455 KCS 455 KCS AUDIO
L5l rrassscaron feotriiren o] i, b{ 255 SELECTED SPECTRUM FREQUENCIES {MHz}
4
o o _% CORRESPONDS MHz |100 kHz [10kHz | 1 kHz
/ £5: - A TO DIGIT SPECT | SPECT | SPECT | SPECT
Fc‘] o} ‘ [ﬁm e
asc) Losc ogc K 0 s 28.1 120 | 1.900
1 - 282 1.1¢ | 1.892
2 23.0 28.3 1.18 | 1.898
£ Zhash : 210 | 285 | 116 | 1980
B 1. ; s 1.896
MIXER MIXER 5 20.0 28.6 1.15 | 1.895
1 HDOXC 10KC Ixc 6 19.0 28.7 1.14 1.894
SPECT SPECT SPECT SPECT 7 18.0 288 1.13 1.853
IMC 8 17.0 2839 1.12 | 1882
l;RTEg. DIVIDERS B SPECTRUM GENERATORS 9 186.0 290 1.11 1.891
10 15.0 & = a7
11 14.0 Z = A
12 13.0 . - _
13 12.0 2% & =
14 1.0 - & R

Figure 4.3 — Frequency Synthesizer Block Diagram,
HNlustrating Signal Flow
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4.3.4 VERNIER TUNING.

Vernier tuning is possible when the 1 kHz frequency
knob is pulled out. The Variable Frequency Oscil-
lator (VFO) is substituted for the ] kHz Crystal
Oscillator in this case. When using the vernier fea-
ture, however, complete error cancellation does not
occur. It js necessary to substitute a fixed frequency
oscillator for part of the 455 kHz Error Mixer to ob-
tain the 455 kHz Error Mixer output. This is accom-
plished automatically when the VFO is tumed on.
The sacrifice in accuracy is not too significant under
normal operating conditions, however, since the
higher frequency error cancelling loops are still in
operation.

4.4 POWER SUPPLIES.

The power supplies in the transceiver are represented
by the block diagram in figure 4.4. A switch on the
rear panel selects 115 VAC, 230 VAC or the DC
converter to be connected to the transformer pri-
maries. The DC converter, either RF-303 or RF-304,
is a separate module, which converts 13.5 or 27.5
VDC to AC for use in the transformer. It is a tran-
sistor square-wave oscillator.

Secondaries of the power transformer supply the
various voltages used in the transceiver. Rectifiers

and filters are used for the DC supplies. The RF
amplifier bias supply is voltage regulated. A poten-
tiometer adjusts the PA bias voltage. The 12 VDC
supply for most of the transistor stages incorpor-
ates an electronic filter which greatly reduces the
voltage ripple. The DC output for the relays in
the transceiver is unfiltered.

4.5 T/R SWITCHING.

When changing from receive to transmit in the
transceiver, it 15 necessary to reverse the direction
of signal flow in many of the stages. Essentially,
two methods are employed in the RF-301.

The first method consists of using relays. This is
done in the RF amplifier and antenna circuits. One
relay switches the antenna from the Receiver Pro-
tector input to receive to the PA stage output in
transmit. Another relay reverses the input and out-
put of the RF amplifier assembly when changing
from receive to transmit.

The second method consists of using biased diodes
for switching. This method is used primarily in the
Translator assembly. A back-biased diode offers a
very high impedance to RF signals, and a forward-
biased diode offers a low impedance to RF signals.

115 VAC TO FAN AND FREQ STD
6.3 VAC TO TUBE HEATERS

BRIDGE
necTimer | FILTER f—=+800 voC TO PA STAGE
FORMER}_[FULL-WAVE | | s
iyl FILTER |—&+220VDC TO RF AMPL STAGES
15 vac
——C
230 VAC
De. HALF-WAVE| " VOLTAGE
RECTIFIER FILTER: =g REGULATOR
== -36 VDC RF AMPL BIAS
5 + -55 VDC PA BIAS
OR RF-304 BRIDGE
oc FILTER |—
RECTIFIER
CONVERTER |, +12VDC TO AUDIO AMPL STAGES
8 FREQ STANDARD

I

13.5 0R 27.5
vDC

+14 VDC

. [ELECTRONIC s
TO RELAYS FILTER | TRANSISTOR STAGES

Figure 4.4 — Power Supply Block Diagram
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By decoupling the DC control lines from the RF
signal circuitry, many RF signals paths can be
turned off and on by proper biasing of a control
lige. Two diodes and control lines are used in each
case. The voltage is applied to one line and the
other line is grounded, causing only one diode of
the pair to conduct at any particular time. When
changing from receive to transmit, the situation
is reversed and the other diode conducts. Thus,
the diodes act to “steer” the signal on either path,
receive or transmit. See figure 4.5.

In other cases, such as in the IF Amplifier assembly,
two sets of circuits are used, and the control lines
just supply the operating voltage to the desired cir-
cuits.

45 AGC, ALC, AND ACC AUTOMATIC CONTROL CIR-
CUITS.

There are three types of automatic signal level con-
trols employed in the RF-301. These are AGC
(Automatic Gain Control), ALC (Automatic Level
Control) and ACC (Automatic Carrier Control).

An AGC Circuit in the IF Amplifier assembly pro-
vides an output in proportion to the received signal
strength. The AGC voltage regulates the gain of the
IF and RF amplifiers and compensates for wide vari-
ations in signal strength while receiving.

An ALC circuit, used in conjunction with the PA
stage, limits the peak level of the signal driving the
PA stage.

An ACC circuit controls the level of the carrier re-
inserted during AM transmissions.

Operation of the AGC circuit is described in para-
graph 4.7.4. Operation of the ALC and ACC cir-
cuits is described in paragraph 4.7.1.

4.7 CIRCUIT DESCRIPTIONS.

Refer to block diagram figure 4.6 during the follow-
ing descriptions. It is located at the end of this sec-
tion.

4.7.1 PA SECTION.

The PA section consists of the PA stage, antenna
transfer relay, output metering circuit, ACC circuit
and ALC circuit.

+12VDC +2vDC
DIODE DIODE
FORWARD REVERSE
BIASED BIASED
SIGNAL SIGNAL
FLOWS BLOCKED

CONTROL CONTROL
LINE LINE
GROUNDED +i2vDC

-
~ANODE—yyy CATHODE

Z-GOLOR BANDS AT
CATHODE END

Figure 4.5 — Switching Diodes

The PA stage employs three tubes, operating as class
AB1 power amplifiers. The drive signal is provided
by the RF Amplifier assembly. The output of the
PA stage is coupled to the antenna through a pi-
network. The output network is tuned by a variable
inductor, adjusted by the PA TUNE control, and
fixed capacitors, switched into the circuit by the
1000 kHz FREQUENCY control. The antenna relay
connects the output network to the antenna when
transmitting.

The output metering circuit consists of RF output
detector CR22 and buffer Q3. A small portion of
the RF output is rectified by CR22. The resultant
DC is fed through buffer stage Q3 to the trans-
ceiver’s panel meter during transmit operation. The
meter indicates the output power level.

The ACC circuit asssmbly 16, consists of an input
network, buffer stage QI, and DC amplifier stage
Q2. The input network removes the effects of ampli-
tude modulation and applies a voltage to QI in pro-
portion to the carrier level only. The buiffer output
is averaged by an R-C network and is fed to DC
amplifier stage Q2. A potentiometer in the DC
amplifier stage sets the desired carrier level. The
output of the DC amplifier regulates the gain of
the carrier control stage in the 455 kHz Error Mixer
assembly. The effect of this automatic control is
to prevent overmodulation in AM and provide a
uniform carrier level over 2 wide range of operating
frequencies.

&5
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The ALC circuit, assembly 15, consists of three de
amplifiers, QI, Q2, and Q3, in series. Rectification
of the positive peaks of heavily modulated RF drive
signals at the PA/grids develops negative voltage
pulses at the base of transistor Q1. These pulses are
amplified sufficiently by Q1, and Q2 to trigger Q3
into conduction and charge capacitor C4 to a posi-
tive level. The output at pin D, supplied by C4, is a
voltage proportional to the recurrence rate of the
pulses. This voltage is applied to the transmit IF
stage in the IF amplifier, limiting the amplitude of
the drive signal to the PA grids. Without ALC op-
eration, the normal class AB1, bias of the PA stages
would change whenever appreciable amounts of
grid current occurred (on heavy modulation peaks)
resulting in excessive distortion of the output sig-
nal.

4.7.2 RECEIVER PROTECTOR ASSEMBLY.

The receiver protector assembly, Jocated on the
main frame, protects the sensitive input circuits of
the RF amplifier from damage by any excessively
strong signals that have been received by the
antenna.

The receiver protector assembly consists of relay
K1, relay drver transistor Q2, and associated cir-
cuitry. Relay K1 is de-energized during normal re-
ceiver operation. This applies the input RF signal
from T/R relay K4 to the input of RF Amplifier
Assembly-02. If an excessively strong signal is re-
ceived, the positive portion detected by diode
CR1, will bias QI into saturation, energizing relay
K1. With K1 energized, the input of the RF ampli-
fier is disconnected from the input RF signal and
connected to ground. The trip level for relay Kl
is determined by the value of resistors R2 and R3.
This level is approximately three to six volts of
RF, measured at the antenna connector.

During receiver tuning a positive dc voltage is ap-
plied to the base of Q1 causing relay K1 to energize
and grounding the input of the RF Amplifier. This
reduces the possibility of tuning to a spurious signal.
The positive dc voltage is supplied from the +12
VDC R/T line and is grounded out through a resis-
tor during normal operation. When the TRANS-
MIT AUDIO control is set at TUNE the +12 VDC
is applied to the base of QI through diode CR3.

4.7.3 RF AMPLIFIER ASSEMBLY.

’l‘l}e RF Amplifier assembly consists of RF am-
plifiers V1 and V2, AGC amplifier Q1, and transfer
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relay K1. The RF Amplifier assembly operates on
both receive and transmit. The RF amplifiers operate
in class A. Their gain is controlled, in the presence
of astrong received signal, by the AGC signal ampli-
fied by QIl. The input and output networks are
tuned by a combination of fixed capacitors switched
by the 1000 kHz FREQUENCY contro! and vari-
able inductors adjusted by the PRESELECTOR
control. The input signais on receive and transmit
and the output signal on receive are switched by
transfer relay K1. The output on transmit is taken
directly from the output network. In receive, the RF
amplifiers serve to amplify the received signal from
the antenna and their output is applied to the Trans-
lator assembly. In transmit, the RF amplifiers
serve to amplify the Translator output and drive
the PA stage.

4.7.4 TRANSLATOR ASSEMBLY.

The Translator consists of mixers Q1, Q2, and Q3,
and two filters.

During receive operation, the signal frequency is
added to the MHz Oscillator frequency in Q1 to pro-
duce a new frequency at approximately 17.748
MHz, which is passed through filter FL1. In Q2, the
100 kHz Oscillator frequency is subtracted from the
signal from FL1 to produce a new frequency at
approximately 11.1515 MHz. This signal from Q2
is passed through FL2. In Q3, the signal from FL2
is subtracted from the error mixer frequency of
approximately 11.6 MHz to produce a new signal
frequency of approximately 455 kHz. This signal
frequency is passed through the appropriate 455
kHz sideband filter, selected by the FUNCTION
switch, to the IF Amplifier assembly.

During transmit operation, the process is reversed.
The 455 kHz signal is applied to Q3, and the inputs
and outputs of the mixers are reversed as discussed
in Section 4.5. In AM operation the 455 kHz car-
rier is reinserted at P10 along with the upper side-
band signal. The 455 kHz signal is subtracted from
the error frequency of approximately 11.6 MHz
to produce a signal at approximately 11.1515
MHz. FL2 passes this signal to Q2, where it is
added to the 100 kHz Oscillator frequency to pro-
duce 2 signal of approximately 17.748 MHz. FL1
passes this signal to Q1 where the MHz Oscillator
frequency is subtracted from it. The resultant
signal at the operating frequency is applied to the
RF Amplifier section.
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4.7.5 IF AMPLIFIER ASSEMBLY.

The IF Amplifier assembly consists of eight
transformer-coupled IF amplifier stages, a noise
limiter, an AGC detector and buffer. Separate IF
stages are used for receive and transmit.

On receive, the Translator output is coupled to the
first IF stage through the selected 455 kHz filter. The
Translator output is connected directly to the IF
Amplifier Assembly on AM receive. Five 1F ampli-
fier stages are employed in 2 cascade arrangement.
The output is coupled to a detector in the Audio/
Modulator section. A noise limiter clips impulce
noise peaks when turned on. Two additional IF
amplifiers are used before the AGC detector. Q9
is a peak detector. AGC output is taken from the
AGC buffer Q10. The AGC voltage developed is
used to control the gain of the first three receive
IF stages and the two RF stages in the RF Ampli-
fier section. On transmit, the signal from the Audio/
Modulator assembly is amplified by Q6 and coupled
to the Translator through the selected 455 kHz
sideband filter.

Changing from receive to transmit is accomplished
by applying operating voltage to the proper section.

4.7.6 AUDIO/MODULATOR ASSEMBLY.

The Audio/Modulator assembly consists of an SSB
modulator/detector, an AM detector, a transmit
audio amplifier, a CW oscillator, a CW hold circuit
and two audio amplifiers. -

The SSB modulator/detector consists of a diode
ring which performs the functions of a balanced
modulator and SSB detector. In receive, the incom-
ing signal is mixed with the 455 kHz injection fre-
quency resulting in an audio output which is coupled
to the first receive audio stage Q7. In transmit, the
incoming audio modulates the 455 kHz injection fre-
quency, resulting in mixer products containing a
455 kHz carrier and two sidebands. The carrier is
balanced out, and only the upper and lower side-
bands remain on the output. The undesired side-
band is filtered out, after the IF Amplifier assem-
bly, when the signal is applied to the Translator
assembly through the selected sideband filter.

Q3 amplifies an AM signal, and its output is ap-
plied to CR4. CR4 is the AM detector. Its output
is coupled to the first receive audio stage Q7.

Q7 and Q8 are audio amplifiers. The output from
Q8 feeds into the Audio Amplifier section and also
directly out to the remote audio output and local

handset output.

Q4 amplifies the transmit audio for application to
the SSB modulator. Its output also feeds into re-
ceive audio stage Q7 for sidetone monitoring on
CW.

Q5 is a CW sidetone oscillator, which generates
an audio tone when keyed. Q6 is a CW hold cir-
cuit, which keys the transmitter when the CW key
is depressed and keeps the transmitter keyed until
about 1/2 second after the key is released.

Transistor Q9 is an injection amplifier, and oper-
ates as an emitter follower driving the diode ring
through transformer T6. Its function is to amplify
the power and (through T6) the voltage supplied
to the diode ring from the 455 kHz error mixer
injection source.

Transistor Q10 is an IF amplifier which functions
in LSB and USB receive modes only, serving to
match the high output impedance of the IF ampli-
fier board to the low input impedance of the diode-
ring SSB detector.

4.7.7 AUDIO AMPLIFIER ASSEMBLY.

The Audio Amplifier Assembly consists of transis-
tors QI through Q6 with associated circuitry.

Audio from the Audio/Modulator assembly is ap-
plied to QI through the RECEIVE AUDIO gain
control. Transistors Q1 and Q2 are voltage ampli-
fiers that drive a complimentary feed-back ampli-
fier made up by transistors Q3 through Q6. The
output is coupled by capacitor C4 to the front
panel speaker.

4.7.8 CRYSTAL OSCILLATOR ASSEMBLIES.

The MHz, 100 kHz, 10 kHz, and 1 kHz Crystal
Oscillators each consist of oscillator and buffer
stages and a bank of crystals switched into the cir-
cuit by its respective FREQUENCY control. In the
MHz Oscillator Assembly, Q1 operates as an oscilla-
tor and the crystals oscillate in the parallel mode.
An AGC amplifier, Q2, maintains a constant output
level over the frequency range of the oscillator.
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Transistors Q3 and Q4 serve as the buffer stages
to minimize loading of the oscillator. In the 100
kHz Oscillator assembly, Q1 operates as an oscil-
lator and the crystals oscillate in the parallel mode.
Transistor Q2 serves as the buffer stage. In the
10 kHz Oscillator Assembly, both Q1 and Q2 are
used to form the oscillator circuit and the crys-
tals oscillate in the series mode. Transistor Q2
serves as the buffer stage. In the 1 kHz Oscillator
Assembly, both Q! and Q2 are used to form the
oscillator circuit. The crystals oscillate in the
series mode at twice the required output frequency
of the assembly. A flip-flop, composed of Q3, Q4,
and associated circuitry, divides the crystal fre-
quency by two. Transistors Q5 and Q6 serve as
buffer stages.

4.7.9 VFO ASSEMBLY.

The VFO assembly consists of a three transistor
oscillator circuit and a one stage amplifier. The VFO
is tuned by avariable capacitor and a preset coil and
padder capacitor. The tuning capacitor is mechani-
cally coupled to the 1 kHz FREQUENCY control.
The VFO operates only when the 1 kHz knob is
pulled out.

4.7.10 DIVIDER AND SPECTRUM GENERATOR
ASSEMBLY.

The Divider and Spectrum Generator assembly con-
sists of 20 transistors used as amplifiers, muiti-
vibrators, pulse shapers, and keyed oscillators.
Transistor Q20 acts as a buffer for the 1 MHz
frequency standard. Q1 amplifies and clips the
1 MHz input signal from the frequency standard.
Q14 and Q15 act as pulse shapers. The MHz spectrum
output contains frequencies at 1 MHz intervals be-
tween 11 and 23 MHz. The frequency dividers are
multivibrators Q2 through Q13.

They consecutively divide the frequency by 2 and 5.
Their output frequencies are at 100 kHz, 10 kHz
and 1 kHz. Q16 acts as a buffer for the 100 kHz out-
put from Q5. The 100, 10 and 1 kHz spectrum
generators are keyed-oscillators which produce fre-
quencies at intervals of 100, 10 and 1 kHz respec-
tively. They act as oscillators at the natural fre-
quency of resonance, but since they are keyed by
the frequency divider outputs, they produce a spec-
trum of frequencies centered about the oscillator
frequency, rather than just a single frequency. For
example, Q17 would nomally oscillate near 28.6
MHz, but since it is keyed by the 100 kHz output
from Q16, it produces at least the 10 frequencies
at 100 kHz intervals between 28.1 and 29.0 MHz.
Other undesired frequencies near the desired ones,
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are produced at the same 100 kHz intervals, but
their amplitude is considerably lower.

4.7.11 11.6 MHz ERROR MIXER ASSEMBLY.

The 11.6 MHz Error Mixer assembly consists of
buffers, mixers, amplifiers, and filters. The MHz
Oscillator frequency is applied to mixer Q2 through
buffer Q1. Q2 subtracts the MHz Oscillator fre-
quency and its error from the appropriate MHz spec-
trum frequency, resulting in a product of approxi-
mately 7.753 MHz with reversed error. (Refer to
sections 4.3.1 and 4.3.2 for a discussion of error
cancelling Refer to table 4.1 for particular oscillator
and spectrum frequencies.) This product passes
through FL1 and is amplified by Q3. All other fre-
quencies generated are attenuated to a negligible
level. The 100 kHz Oscillator frequency is applied to
mixer Q7 through buffer Q6. In Q7, the 100 kHz
Oscillator frequency and its error is subtracted from
the appropriate 100 kHz spectrum frequency to pro-
duce a frequency of approximately 21.953 MHz
with a reversed error. This product is passed through
FL4 to mixer Q8. In Q8, the 7.753 MHz frequency
and reversed MHz Oscillator error from Q3 is sub-
tracted from the 21.953 MHz frequency and re-
versed 100 kHz Oscillator error to produce a new
frequency of approximately 14.2 MHz with the
reversed 100 kHz Oscillator error and the twice re-
versed (normal) MHz Oscillator error. Q4 adds the
10 kHz and ! kHz Oscillator frequencies and their
errors to produce anew frequency of approximately
2.595 MHz containing the two errors. FL2 passes
this product to Q9. In Q9, the 2.595 MHz (plus
error) frequency is subtracted from the 14.2 MHz
frequency with the error of the MHz Oscillator and
the reversed error of the 100 kHz Oscillator to pro-
duce a new frequency of approximately 11.6 MHz
with the error of the MHz Oscillator and the re-
versed errors of the 100, 10 and 1 kHz Oscillators.
FL3 passes this product to Q5, which amplifies it
and applies it to the Translator assembly.

In order to simplify the mixing and error reversal
process, let us consider it algebraically. Let the
appropriate MHz, 100 kHz, 10 kHz, and 1 kHz
spectrum frequencies equal S4, S3, So, and Sy, re-
spectively. Let the appropriate MHz, 100 kHz, 10
kHz, and kHz Oscillator frequencies equal F4, F3,
F»,and Fy, respectively. Let the MHz, 100 kHz, 10
kHz, and 1 kHz Oscillator errors equal Eg4, E3,
Ej, and E), respectively.

The product of Q2 will be S4-F4-E4. The product
of Q7 will be S3-F3-E3. Subtracting S4-F4-E4 from






