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24.5,28 & 50-MHz All Mode Transceiver

f({f),.’),;&ii‘:f?fff.r;.-__

The FT-650 is a high performance all node rans-
ceiver providing fransmission on the 24.5, 28 and 50-
MHz amateur bands, and continuous general CUvETage
reception {where legal) from 24.5 to 56 MHe Trans-
Iitler power output is acjustable from 10 ¢ 100 wans
in CW, 558 and FM maodes, and up to 25 watts carrier
in AM mode. Operating from 13,8 V DC, the FT-650 is
available with or withour the FP-22 switching mode
AC power supply, which mounts in the rear of the
wansceiver using a single screw,

Fr-650 design incorporaies a comparmentalized
steel chassis with eatensive use of surface monnt com-
ponenls on individually shiclded plug-in compaositc
epoxy boards, The diecast final amplifier module and
the slide-in 100% duty cycle FP-22 power supply op-
lion each have their own independent forced-air cool-
ing systems, for greater cooling efficiency than single
flow designs.

For exceptionally clean receiver and mansminer per-
formance, the FI-650 incorporares three Direct Drigrital
Synthesizers (DDSs) for its Tocal oscillators (all driven
by a single +2-ppm TCXO master oscillator), and a
2-stage low noise (1.2-dB NF) front end RF amplifier
with the first stage switchable from the frone panel,

Twen micTomrACecsnT in tha BT A5 ol o n nle.—i.

MEM/CH knob is ensily setable for 2.5-, 5-, 1(
12.5-, 13-, 20- und 25-kHz steps (with 500-kHz ste;
always available). In addition w0 standuard IF Bam
widihs, line tiloting of the IF passhand is mads po
sible by rwo of the DDSs, providing seleciable 1
bandwidths of 1.8, 2, 2.2 and 2.4 kHz in $5B mode
300, 600, 1200 and 2400 Hz in CW mode, 7.4 and
kHz in AM and 8 and 15 kHz in FM modes (the tw
narrowest CW modes require an optional filter). T
passband shift i conlinuously adjustable for +1.1
kHe, and in addition w a manual IF poth filter, a
automatic IF notch filter Ands and notches out interfer
ing heterodynes without operator intervention {whe
enahled).

Also provided are 105 scanable memories, each ¢
which siores its own mode and IF filter selection, i
addilien to one frequency on each band, scan stams an
CTCSS wne frequency (if the opticnal FT5-8 Ton
Squelch Unit is installed). The FI-650 holds up to 42
independent frequency, mode, clarifier and Tepaate
sertings. Two priority channel memories are includad

External oprions include the DVS-2 Drigrital Vioice
Synthesizer for continuous recording and instant play
back of received signals, and pushbutton pre-Tecorde
transmissions, and the MT-1re Theskenn Reanmine
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Specifications

General
Receiving frequency range: 24.5 ~ 56 MHz

Trinsmitting frequency ranges:
12-m band, 24.5 10 25,0 MHz
10-m band, 28.0 to 2%.7 MHz
6-m band, S0.0 10 54.0 MHz

Frequency stability (0 10 +50°C): < £ 2 ppm S5B/CW
< 1 10 ppm AM/FM

Emission modes: LSB/USE (J3E), CW (A1A),
AM (AZE), FM {FIE)

Frequency stepes:
10 kHz & 500 kHz for all modes;
10 He for J3E, A LA and AJE;
100 Hz for F3E:
2.5, 5,10, 15, 20, 25 kHe selectable, all modes

Antenna impedance: 5002 nomina|

Supply voltage:
133 VDC;
110 = 125 or 220 - 234 VAC (selectahle), S0/60 Hz
with opticnal FP-21 AC FSU.

Power comsumplion (approx. )
20418 A DC receive/100W ransmil; or
35/500 VA AC receive/100W transmit (with FP-22)

Dimensions (WHLY): 285 » 110 = 262 mm without fzet,
knobs or FP-22,

Weight (approx.): 7 kg. for transceiver,
plus 1 kg. for FP-22 PSU

Transmirter

Power output:
10 =~ 100 warts adjustable (max S0 watts AM carrier)

Duty cyele: 1005 @ 100 walls, 25 °C
Modulation types:
S5B: Baluncaed, filtered carriar

AM: Low-level (early stage)
Ml Variable reactance

Maximum FM deviation; + SkHz at nomal

S5B carner suppression:
at least 40 dB below peak output

Undesired sideband suppresion:
at least 40 dB helow peak oulput

Audio response (S58):
heter than -6 dB from 400 w 2600 Hz

Jrd-order IMIY, -3 1 R @ B0 walts PEF, 5.1 MHx
Microphone impedance; 200 ~ 10&83 (6000 nominal)
Receiver

Cirenidt type:
triple—conversion superheterodyne
(dual-conversion for FM)

Intermediale reyuencies;
13.09 and 455 kHe, 8215 Ml e (exc. FM)

Sensitivity (RF amplifier on):
SECW 0125 pV far 10 4B /W
AM 0.5 UV for 10 dB S/

FW 0,16 0V for 12 B SINAD

Squelch Sensitivity (RF amplifier on):
02 1V SSB/CW/AM
0125 UV FMl
Selectivity:
SSB/CW/AM-narrow 2.4/4.5 kHz (-6/-60 dB)
OW narrow GO0VL200 Hz (-6/-60 41, w/opional Tl
AM normal 618 kHz (-6/~30 dB)
FuA normal 1330 kHe {-6/-40 J4B)
P narrows 8730 kHz (-6/-40 dR)

IF rejeciion: 70 dB or better (within amateur bands)
Image rejection: 6) dB or better (within amatour bands)
IF shift range: 41,12 kHz

IF notch depth: 4 dB or betier

Maximum audio power ouput:
1.5 watts into 842 for <5% THD

Andio cutput impedance: 4 Lo 1602 (802 nominal)
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Accessories & Options

Supplied Accessories

gt

FPaz |

Options
MD-1¢g Desk-Top Microphone

Designed especially to march the elecirical and cos-
metic featmres of the FT-650, the MD-10g has 600-0)
impedance, and includes up/down scanning burtons
and a large PTT switch with Latch.

SP-5 Loudspeaker with Audio Filters

Selectuble audio high- and lowpass flters wgether
with a large loudspeaker complement the superb audio
characteristics of the FT-650 with your choice of 12
different audio filtering combinations. Two inpur 1er-
minals are provided for multiple transceivers, with a
front panel switch to select between them, A (mon-
aural) phene jack is provided on the front panel 1 ke
advantage of the audio filters with headphones.

DVS-2 Digital Voice System

Serving as either 4 continuous receiver recorder for
tnstant pushbutien playback, or mictophone awdio re-
corder for muliiple on «ir playback, the DVS-2 applics
the advantages of random-sccess solid-state digital
memory 1o seriows communicadons. All data 15 storad
electromically, with no moving parts except your finger
and the pushbutton. More information is un page 23.

FIF-232C CAT System Interface

is included for connection berween the transceiver anc
the FIF-232C (the cable 10 the compurer must be pro-
vided scparately). The FIF-232C includes its own AC
power supply.

Narrow CW IF Crystal Filter Option

The XF-455Mb01-(H 600-Hz BW crystal filter en-
ables both 300- and G00-He nurrow CW bamdwidths
be selected. Tnstallation is described on page 27,




img031.jpg (2208x3251x256 jpeg)
Controls & Connectors
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Front Panel Controls

This chapter deseribes cach conmrol and connector
on the F1-650. You can just read through quickly now,
but some of the descriptions will be more meaningful if
vou first work through the Getting Started Tueorial at
the beginning of the Operation chapter, and then return
1o this chapler with the set powered up, as guestions
arise during operation. Some controls and swilches are
dizabled under certain conditions.

@

This button turns the ransceiver on and off.
@- HETER Sclector

Thig gelector deermines the function of the muold-
meter during ransmission. The meanings of the
abbreviations are as follows:

ALE = relative Automatic Level Control voltage
P8 = Relatve RF Power Cutput ("H” = 100 wafts)
G = Sranding Wave Ratio (forward reflacead)

The meter indicates the selected parameter during
ransmission, and signal strength in S-units on the
top scale during reception. Each S-unil is approx-
imately 6 dB.

(3) PHOMES

This Yy-inch, 3-contact jack accepts either mon-
aural or stereo headphones with a 2- or 3-comact
plug. When a plug is inserted, the loudspeaker is
disabled.

puge 4

@ u1e

This 8-pin jack accepts the MD-1pg or MD-1cs
Desktop Microphone or the MIT-1ps Handie Scan-
ning Microphone, MIC pinout is shown on page
13. Microphone inpul impedance is 500 to 600
ohms.

(5) 2-Posilion Pushbutton Switches

Afl-F

This button enables the fast decay rate of the re-
ceiver automatic gain control. Nomally, reception
will be most comfortable with fast AGC switched
off, but when tuning around for weak signals on &
crowded band, they may be easier o pick out from
between the sirong stations  when this button is
depressed. This button i= disabled in the FM mode.

HrT

This button Wggles the receiver atcnuamor, When
activaled, receiver sensitivity is Teduced by about
10dB. When interference is encountered from very
sirong signals, and the §F 88 is already off, press
this button.

(5 S
This button roggles the receiver 1st RF amplifier
on and off. ‘When on, receiver sensitivity is in-

creased by about HMRB, T interference is encoun-
lergd from wvery smong signals, swirch the RF
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amplifier off belore activating the attenuator (817
button), if necessary.

Mox |

This builon may be nsed in place of a microphone
PTT switch or CW key to manually activare the
transmitter, when depressed (=) It must be in the
wndepressed () pusition for reception.

ROE

D)

This button toggles the RE speech processor on
and off for S3B transmissivn.

This button activates the receiver noise blanker,
Press to blank pulse noisc such as from auigmebie
ignitions, power lines and swilching ransient spikes.

HIT -5~ RF PHR

The inner HIE control adjusts the microphone input
Tevel for 858, AM and FM ransmission.

The ouler B¥ PEE control adjusts the ransminer
output power in all modes. The adjustment range is
from less than 10 o 100 watks, exceplin AM mode,
where it 15 from about 5 o 50 watts,

4F -9 SOL

The inner &F rain control adjusts the audio velume
of the recaiver in the speaker or headphones. The
outer SHL control sets the signal level threshold at
which receiver audio is muted (and the green BUSY
LED tum ofI), in all modes, This control is nor-
mally kept fully counterclockwise, excepl when
scanning, and during FM operation.

HODE

These five momentary butions select the operating
mnle, indicaed by the LED in each buttom, Only
one may be activated at a fime.

Main T'uning Knob

This knob adjusts the operating fregquency. Tuning
ingrements are normally 10 or 100 Hz, according
to setting of the STEF swich (except in FM mode).
Fast tuning in 10-kHz steps can be enabled by
pressing the yellow buton on the keypal.
The markings on the knob represent 50 increments
gach, and one full turn of the knob provides 1,006}
increments (10 or 100 kHz).

(i) Control Keypad

Mormally, these buttons provide the primary function
marked on the keylage. However, when i5
pressed firsl, (hese buttons perform their alternute
function (marked in reverse letters above each key),

==

%)

;LAR

The normal function of this key is to change
bands. The 24.5, 28 and 50 MITz bands are
selected by repested presses, The aliemate
funetion of this key locks either the mning
knob (| D06 | displayed al the lower right), or if
hield for We-second, all of the mode and tuning
contrels on the pangl (FANEL displayed). In
either case, FEE] and this key must be
pressed apuin 1o unlock the conmnl({s).

Nommally, pressing this button switches be-
tween the two vios (eFd-& or ¥FE-3 displayed to
the left of the operating requency). When re-
ceiving on a memory, however, thizs button
switches from the memaory to the last-used vio,
The alternate function of this button aclivales
Progrummable Memory Scanning, described
in the Operation chapter.

‘This button normally switches reception from
A vfo to the last-used memory, When receiving
on @ memory, pressing this button allows you
Lo tune the memory. The alternate function
toggles the currentmemory for either inclusion
or exclusion from memory scanning.

Press this buton to toggle the receiver clarifier
on and off, to cnable tuning the receive fre-
quency without affecting the transinit frequen-
cy is displayed when activated). The
alternate function clears (cancels) clarifier off-
set, 50 receive and transmit freguencies are the
same,

page 3
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CrEv] This button normally toggles splil-frequency tuning. The 100-kHz steps of the FM mode are

puge G

operatinn: receiving on the selected vio, and unaffected hy this button.

transmitting on the other vio (BT 15 dis-

played when active). The alternate function @ SHTET Contol

exchanges mansmit and receive frequencies, so

you can check your ransmit frequency. In all modes cxcept FM, this knob shifis the TF

passband down (counterclock wise) or up (clock-

rser] I the optional FI'S-8 Tone Squelch Unir is wise) from the IF center frequency. Normally this
JERE]  installed, this buton wggles the subaudible control is kept in the 12-o'clock position, except

CTCSS tone feares betwesn encode (rans-
mil tone) only, encode/decode (ansmit, plus
tone squelch on receive), and off. In the en-
code-only mode, 07 is displayed, and in the
tene squelch mode, [T]3G0] is displayed. The
alternate funcrion of this key allows selling the
frequency of the CTCSS wone. [Towever, this
key can also be used to toggle the burton beeper
as described in the box on the previous page.

This button normally 1oggles repeater oflsa of
the transmitting frequency between plus
(above), minus (below) and simplex (equal)
relative o the receiving frequency. [=] or [+]
is displayed when repeater offsetis active. The
alternate function is uzed w select the desired
repeater offser, when different from the de-
fauln See the Operating chapter for details.

(1) WAEROE Button

This momentary button cnables a narrow [F band-
width for the cument mode. The narrow band-
widths for AM and I'M are fixed, while for CW and
S8B modes, you can select from several choices by
pressing [MEE] first and then wrning the WEKFEH
knob, BAEETY is displayed when the narrow banc-
width is active. Available bandwidths sre:

requires XF4550G501 01 optional filies

@2 SYEF Button

Thiz momentary buwon Loggles the mauin tuning
knob atepz between 10 and 100 kHz in 888, CW
and AM modes. The 100-kHz seleciion allows fast

@9

@

9

@

when inerference is present from a signel on a
nearby frequency.

HOITEH Two-Position Pushbullons & Control

The 08 button tums the IF Moich on (o) and off
(). With the 08 burton depressed () and the K570
button off (s}, the BITEE control can be used to
manually wne the noteh frequency within the pass-
band, For 35B reception, when both buttons are
om, the Morch circuitry will auomatically suppress
a heterodyne it sironger than the desired signal (in
this case, the #ITEE control is disabled).

HZH/CH Knob

When receiving on (or storing) @ memory, urning
this knob selects another memory. When receiving
on & vio, this knob tnes the receiver in operator-
selectable steps, or in 500-kHez giant sieps
if i3 pressed first. This knob is also used lor
seming the sizes of the operator-selectable tuning
stzpe, repeater offsets, and CTCSS tone frequency
when used in conjunction with other keys and but-
tons, ax dewiled in the Operatdon chapter.

ELAR Control

When the clarifier (receiver offset) function is ac-
tivated by the button with the same name, this
conwrol allows wining of the receiver independently
frim the transmitter.

= WEFD Bulton

When receiving on a memory, holding this button
for La-second copies the frequency and mode dat
from the memory 10 the last-used vio, and also
shifts operation to the vio (as opposed 1o the mem-
ory) mode. Previous data in the vio is overwrillen,
Pressing thix button while operating on a vio does
nothing,

The slternate ([ CFA]) function of this key (aller
pressing Jactivales PRlority monitoring, in
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Digital Display Annunciators

which the receiver checks for activity on special @ Prigital Display
memories F1 and P2 while operating on a vio or

other memories. Details are on page 22. Tn addition 1o the operating frequency, the display
shows the current stams of practically all mans-
@ WEFD = H Button ceiver functions, as indicated above.

The main function of this button is to store the @0 T and BUSY LED Indicators

currently displayed frequency and mode (from a

vo ur memory) intw a memory. Prossing it momen- The 18 LED glows red when the ransmilier s
tarily causes the memary number to the right of the activated. The sy LED glows green when the
frequency to blink For a few seconds, during which squelch is open (while receiving).

you can turn the BEM/CE knob to select 3 memory
number for storage. Hoelding this hutmnfur'fz-mc- @ Mgt

ond transfers (writes) the current frequency and The 4-function multimeter nomally indicates mne-

mixle data into the selected memory channel, over- ceiver signal strength on the top scale, and one of
writing any previous data storved there. three paramelers (selecied by the BETER selecior)
The alternate ((CM&]) function of this bumgon during transmit on the lower scales.

chears (deletes) all data in the selected memory
when receiving on the memaory.

S e e e +204+40,g dB

e o B L
swr 1 LEZ.2
B

ALC

MOZQ005%
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Rear Panel

(1) KEY 3-Contact Phone Jack

This Li-inch phone jack accepts a CW key. A
Z-contact plug canmet be wyed in this jack. Key-up
voliage is +5 V. and key-down curmmemt is 0.5 mA.
Pinout is shown on page 13,

ATRY Phono Jack

This putput jack connects ingide the transceiver (o
a switching mansistor, which conducts to chassis
ground whenever the ransmitter is active, to pro-
vide ransmitfreceive switching of an exiernal dev-
ice such as a linear amplifier. Maximum ratings for
this jack are 300 mA @ +24 V DC (the center
congact must be positive). Before connecting on
external device, make sure iis switcliing require-
ments will nor exceed these limis,

If your amplifier reguites higher curment, or has
higher voltage switching requirements ur ditferent
polarity, an external switching device such as the
Yoesu FRE-737 Relay Eox must be used, and may
b connected here,

(3) ENT ALE Phono Jack

This input jack accepts external ALC (Automatic
Level Control) voltage from a linear amphfier,
Prevent over-sxcitation by the transceiver. Accept-
able input voltage Tange is 0w —1.5 V DC.

(&) FTT Phono Jack

This input jack may be used o key the transmitter
manually using a footswitch or other swinching
device. Tts funciion is identical 1o the KU button on
the fromt panel. Open-circuit voltage is +5 VDC,
and ¢losed-circuit current is 5 mA.

(8) D52 DIN Jack

This 7-pin inputftutput jack is for the DVS-2 Dig-
ital Voice Recornder option, described on page 23.

@- CAT Mini Phone Jack

This 3-contact inpu Youtput jack provides output of
the squelch Busy status (ring conlact), and accepts
serial commands 10 control the TT-6530 from an
external computer (center contact). Signal levels
are TTL (0 and 3V DC), The signalling protocal
and data lormats are deseribed in the CAT chaprer
near the end of this manual.

(7) DBATA IHSEUT Mini Phone Jack

Thiz J-contact inputfoutput jack provides receiver
audio (ring contact) for, and acceprs AFSK trans-
mitter aundio (center contact) from a packet tne. The
reeeiver andio level ar this jack is at 8 constant
100-mY level (@ 60042}, preset by VR3I0NODS on the
AF Unit (see Internal Adjusieenis on page 12 for
how o gain access o this wimmer, if necessary),
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&) LT SFER Mini Phone Jack

This 2-contact output jack provides receiver audio
for an external loudspeaker, such as the SP-5, The
&F control on the front panel affecr the volume
here. Inserting a plug into this jeck disables the
internal loudspeaker. Impedance is 4 to 16 £,

FUSE Holder

When the FP-22 AC Power Supply is installed on
the ransceiver, this helder requires an 8-A fusg for
operation from AC voltages below 123 V, and an
4-Afuse for AC voltages of 200 V and above. Only
normal Fast-blow type fuses should be used.

Note! The AC Supply is also protected by wo
internal fuses. All three must be changed if chang-
ing rhe supply voltage. See page 10,

i) A% Line Cord Socket

When using the FP-22 AC Power Supply, connect
the supplied AC line cord to this socket after ensur-
ing that your AC mains veltage matches that on the
label Sce page 10 for instrecrions on how to
change the AC supply voltage for the FP-22, il
necessary.

@) DT I Socket

This §-pin conncetor requires a 13.8-volt supply
capable of 20 amperes continuous duty. For base
station operstion, the FP-22 power supply moun-
el on e back of the transceiver provides the
required voltage. For DC operation, use the Yaesu
E-DDC-3 DC Cable with two 20-A fuses.

(2 MMV Coaxial Jack

Connecl your anienna hérg using a type-M (UHE,
PL-259) plug and coaxial cable, Antenna impedance
musl be close 1o 5042 for proper performance.

@3 EHD Terminal Post

Connect this terminal to a good earth grownd, for
safety and optimum performance. Use a short thick
braided cable,

@9 Fp.22 AC Power Supply (option)

The FI*-22 Switching Regulator AC Power Supply
installs here on the rear pancl, AC inputis provided
vig the B8 socket and fuse, and the output pigtail
connects to the 06 I8 jack. See the Installation
chapter for details on setting the comect AC volt-
age range when insialling the FP-22,
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Preliminary Inspeclion

Inspect the transceiver thoroughly immediately
upon opening the packing carton. Check to see that all
controls and switches work freely, and inspect the cab-
inet for any signs of damage, Make sure the accessory
fuses and plugs pictured on page 3 are included. If any
damage is found document it completely, and contact
the shipping company (or dealer, il you purchased il
over the counter) right away. Save the packing mul-
erials in case you need to return the set for service.

If you have purchased optional internal accessories
separately, install them as described in Chapter & (page
26).

Power Connection

The FT-650 is designed fur operation from 13.8 'V
DC, Tequiring up to 20A continuous current, This may
be supplied by the optional FP-22 AC Power Supply,
which attaches to the rear panel, or by a DC source such
s sn automobile clecmical systiem or an ealernal AC
power supply.

In any case, before connecting powet, ensure that
your power source is capable of providing the neces-
sary current, and for AC operation, contirm the power
supply and fuses are correct for your mains voltage,

AC Operation with the FP-22

If your transceiver is supplied with the FP-22, a
label on the FP-22 indicales the AC mains vollage
range for which the wransceiver und FP-22 are currently
set. If your AC mains voltage is oulside of this range,
switch in the FP-22 must be reset, and three [uses in the
transceiver must be changed. The procedure is des-
cribed on the next page. If you have any doubts aboul
the procedure or do not have the reguired fuses, contact
your dealer [or assistance,

Regardless of the voltage label, we recommend that
you apen the fuse holder on the rear panel, and make
surc that the fuse is cormect for your mains voliage:

AC Malns Voltage Fuse Capacity
100t 125V BA
20010234V 4 M

After making certsin the AC voltage for which the
fransceiver is sef matches your mains voliage, and that
the comrect fuse is installed in the fuse holder, connect

CAUTION!

Permaneni damage will resull [fimproper sup-

ply voltage is applied to the transceiver. Your
warranty does not cover damage caused by

application of improper supply voltage, or use

afimproper fuses. Use extreme care when mak-

ing power conmections. :

the AC power cord to the 3-pin AC jack on the rear
panel, Wait until all other transceiver interconnections
have been made before connecting the other end of the
power cord to the wall outlet.

DG Power (Mabile, or External AC Supply)

A double-fused DC power cable {model E-TXC-3) is
supplied with the FT-650. This cable should be wsed
when powering the transceiver trom a DC source, such
as an automobile bartery, or from an external AC power
supply. Confirm that two 20-A [uses are installed, one
in each side of the cable,

For mobile installation, before connectling the pow-
er cable the maximum bauery charging voliage should
be checked w ensure that it remains below 15V when
the engine is Tun fasl. If more than 15V is found, the
voltage regulator of the cur should be adjusted before
connecting the transceiver.

The cable should be connected directly to the vehi-
cle battery, REL wire 10 the "+ terminal, and Bl ACK
wire 1 the “ " terminal. Route the cable as far as
possible from the car’s clecironic ignitionfconirol cir-
cuitry, if present, but also try to keep the cable as short
as possible to avoid excessive voliage drop duting
ransmissions. Do not amempt o run the FT-050 from
the cigareie ligher or other circuiiry, If the cable is nat
long enough, extend it using stranded, insulated wire of
the same size or larger than the supplied cable, and
make sure the splices are well soldered and carefully
insulated with plastic sleeving or tape.

Fur operation from an external AC supply, make
sure the supply is set properly fur your AC muins
voliage, and use the Mused cable supplied with the rans-
ceiver tv make the conncetivns. Be absolutely certain
that the EED wire connects 10 the POSITIVE supply
termingl, and the BLACK wire w the NEGATIVE sup-
ply terminal, beforc plugging in the supply.
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Changing the AC Voltage Range

The AC voltage range for which the transceiver and
FP-22 are sel should be marked on the rear panel. If
your AC mains vollage is not in this range, the FP-22
must be switched wo ity alternate ra.l:ﬁe‘ and rhree fuses
in the transceiver must be replaced.

[ Remove the 6 screws affixing the top cover, and
Temove the cowver,

O Using a large coin, loosen the large screw in the
center of the FP-22 on the rear pancl, and pull the
IP-22 put of the transceiver chassis.

O Relerring to the photo at the right, move the AC ranpe
switch to the 115 position for operaton from 100 w
125 VAL, or to the 230 position fur operation from
200 10 234 VAC,

O Locate fuses FS7001 and FS-7002 just inside the AC
sockel al the rear of the transceiver, and replace them
with 10A fuses il your mains voltage is 100 tw 125
VAC, or with 5A fuscs if your mains voltaze is 200 m
234 VAC,

T Remove the fuse from the fuse holder in the rear panel
of the ransceiver, and install an BA fuse for 100 w
125 VAC operation, or 3 4A fuse for 200 m 234 VAC
Operation.

3 Replace the FP-22 in the rear panel, and tighten the
large scrow,

T Replace the wp cover and its six screws,

Important!

Ifyou change the AC voltage range, muke sure
t also change the voltage marking on the
label on the rear panel to mach the new
voltage setting. Also, make certain thar all
three juses in the transceiver have heen
changed i’ you change the sewing of the FP-
22, as indicated in text ghove, Do nor use
slow-Blow rype fuses.

'ransceiver Location

T assure long life of the components, a primary
:onsideration in sctting up the FT-650 is providing for
iequate ventilatdion around the cabinet. The cooling
iystem of the FI-630 must be free to draw cool airin at
he lef side and, if the FP-22 is installed, at the lower
ear of the ransceiver, and to expe] warm air out of the
ipper rear panel. Provide a few centimelers (an inch or
nore) of space for cool air intake at the Tefl side of the
ranseeiver. Do not place the transceiver on wop of
wother heat-generating device such as a linear amp-
ifier, and do not place equipment, books or papers on
op of the ransceiver. Also, avoid heating vents and
vindow locations that could expose he transceiver to
lirect sunlight for long perieds, especially in hot cli-
mates.

Grounding

For protection from shock and proper performance,
connect the GND terminal on the rear panel 1o & good
earth ground, using a heavy braided cable of the short-
esl length possible. All other station equipment should
be connected to the same grounding cable, us close
together as pracrical. If y o use a computer with or near
the FT-650, you may need 1o experiment with ground
wire rouling and compuler grounding to Suppress com-
Puter noise in the receiver.

Adjusting the Front Feet

The two front feet of the FT-650 can be serin either
of two positions, By twrning the knurled ring sround a
iretracted) foot clockwise, the middle of the foot will
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Adjusting the Front Feet

cxtend about one centimeter. Turn the Ting as far as it
will go (about Ly-turn) to lock the extended fouot in
place, Toretract an extended foot, turn the knurled ring
counterclockwise Y- while pressing on the center
of the foot,

Amtenna Considerations

Any antenna connected o the FI-650 should have a
coaxial feedline with 50-L1 impedance. Base antenna
systems should include a well-grounded lighining ar-
restor in the feedline near the transceiver. Optimum
performance for both reception and transmission re-
quires an antenna designed w provide a 50-0 unbalan-
ced resistive load at the operating [requency., An

antenna that is not designed for tesenance at the oper-
ating frequency may present oo high an SWR, in whick
case power output will be reduced. Operation undea
such conditions is not recommended: the antenna itseli
should be tesdjusted, an antenna matching unit (-
ner'™) employed, or another antenna designed for tha
band should be used.

Interconnection af Accessories

The diagrams on the next page show Inferconnec
lieng of various external accessories. IF you have any
questions on these accessories or connecting device:
not shown, contact vour dealer for advice.

Memory Backup

The FT-650 retaing memory and vfo data (althougt
no actual control programming) in CMOS RAM
backed up by a lithinm battery. The current drawn fron
the bavery is mimscule, s0 it is keplon all the mme,

Aller five or more years the iransceiver may fail u
retain memories, at which time the lithium  batters
should be replaced. Contact your dealer Tor replace
ment of the batery, or for instructions on how to do st
yourself,

Internal Adjustments: Beeper/Sidetone Volume & CW Hang Time

To suit individual preference, the beeper/sidelone
volume and CW hang time can be adjusted by removing
the top cover as shown at the rightc

To se the key besper/sidetone volume, adjust the
TONE wimmer polentiomeler while repearedly pressing
a key on the front panel (or your CW key, with the &F

—

CAUTION

Theve adiustments must be made with power
dpplied, ard with the cover removed. Although
the voltages ar exposed places in the ranscetver
are Aol dargerais i You, sensitive circuitry can
be damaged by contact with metallic tools.
Therefore we recommend using a non-metallic
edfwtment tool, i avaiable, n any case, avoid
touching any componenis not imvolved in the
ciliustment, and do not allow anyiling o fall in
the et while the cover iy removed.

EWE control set 1o minimuny). This adjustment is inde
pendent of the AF comrol.

To adjust the CW hang time, set the BF FEE contro
o minumum, and adjust the DELAY control while send
ing some CW phrases at your normal speed, 5o that the
transmitter remains keved berween letters and phrases
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Connecting External Accessories — ANTENNA

FT-650/FP-22 i

o F
AC
FT-650/AC POWER SUPPLY ([ ANTENNA
FT-650 Eﬁ .
f‘q{ AC POWER SUPPLY (20A)
H 6 ago D sss @D H— N ';:"’
e T = i_I_I et

-
s
¢ R

T_E-nc-3_J |
U' FUSE: é;}A
FT-650/FP-22/5P-5 oA g
FT-650 Ly g CILSCS
| 1 [ e
RN o Gty
e A
%
| PR - |

page 13



img041.jpg (2208x3251x256 jpeg)

Connector Pinouts
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Uperating 'L'utorial

Before plugging in the transceiver the first time,
fouble check your installation w make sure your AC
ioltage is correet, and that your ground and antenna are
sotnected us described in the Insrallarion chapter. Then
wesel the following controls s indicated:

J PokER, and the six buttons under the meter all off {m)
J HEL, @ PR, and 34L all counterclockwise

J A 10 o'clock

J 5HEET 12 o'clock (centerad)

T ROTCE 08 and ANTH switches off (m)

Connect your microphone andfor CW key or pad-
lles, and then, if operating [rom the AC maing, plug the
AC cord into the wall outlet.

Newe: the following procedure assumes thal the
ransceiver has nol been used before, and thar vfos
and memories are in the default stae, If the wans-
ceiver has been used before, the display will show
the Frequency and statos last used. To resel the
vios and memories to their factory default states,
hold the ¥FD = Hand H = YA buttons at the
upper right when switching the transceiver o,

Press the POMER switch on. The meter and display
hould light up. If the display is too bright for your
iste, see the Power Up Selections box un page 9.

Take a4 moment to study the display. You should see
P& at the left, with the operating frequ eney just
bove the twning knob. To the right of that is 1 memory
harmel number (#2ex by default). Also notice that an
ED in one of the HIVE keys is lie (defanll 052, and that
1e green BISY indicator glows, indicating that squelch
iopen.

(“‘ 580625

Pross the B33 keypad key (to the right of the taning
nob), if necessary, o select a bund for which your
tenna is designed. This key rotates theough the 24.5-,
i~ and 50-MHz bands. Next press the mode hution
ust to the left of the taning knob) corresponding to the
ode you wish to operate — for now, we suggest USB,
hich iz the default,

The normal 24-kHe 55B bandwidih is selected,
tless HAREDN iz displayed above the frequency. If it is,

press the WARRGH button (Lo the right of the twning
knob} to twen it off for now, The {wide) bandwidih
provides the best fidelity for S5B reception, so should
be used unless interference [rom stations on adjacent
frequencies becomes a problem (as described Tarer).

Adjust the &F control lor comfortable volume on
signals or noise in the loudspeaker or headphones, Now
try the tuning conmrols: the main tuning knob and the
microphone UP and DNN butrons normally provide fine
luning, while the B2E/CE knob provides channel step-
ping at convenient rates. For coarser (%10 steps) luning
in modes other than FM with either the tuning knob or
wdcrophone buttons, press the STEP buton to the right
of the knob. For even bigger steps, such as when mov-
ing from one end of the band to another, press the
yellow Fed button before tuning., The table below
shows all available tuning rates.

VFO Scanning

Two scunning methods are available:; endless, and
stop-on-signal. You select the scanning method with
the squelch control: if the sguelch is open (green ansy
inclicator next 1o the meter on), endless scanning will
result; it the squelch is closed (BUSY off), stop-on-signal
scanning will result Note that for stop-on-signal scan-
ning, you should wne to a clear frequency before set-
ting the squeleh, if you want the scanner 10 swp on
wenk signals.

To start scanning, just press and hold one of the
micTophone buttons for Yo-second. Release the micro-
phone bullon and press it again (or the PTT switch) to
stop. I scanning is left running, it will loop through the
entire range from 24 5 1o 56 MHz. You can select the
scanning speed with the $TER button,

Tuning Increments & Steps (Hz)

e
| Controll { oy button | 1. Jures] 221 o
. i . .. -I- .._q'\rlﬁ::l L : ..'I.‘_j_;_l ‘*, :
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Mote: pressing [ stans 4 S-sscond timer, which
displays [F]while the timer is running. This dmer rescts
each time another key is pressed or the frequency is
changed, causing the special “alternate™ functions to be
active untl 5 seconds afier the last key (or tuning)
action. The tmer can be stopped betore the end of (he
3-second pericd by pressing g again, the PTT switch
or any BEDE button, returning the keys and tuning knob
to thelr regular funclions.

Genergl Coverage Reception (245 - 56 MHz)

Yiuw may have already noticed that you can tune
outside one of the amatcur bands (above 25 MHz or
below 50 MIIz), w receive any frequency berween
theze bands. However, the transmitter i disabled out-
sidde of the amateur band ranges, and if you ity to
transmit, the display shows ErrFar,

Algo, such frequencies are ignored by the band sel-
ection key: it you tune a vio 1o a frequency outside of a
ham band, you will have 10 switch vios or store it in a
memary (2% deseribed on page 20) if you wan w be
able w0 recall it guickly later. Ciberwise, a3 s000 &5 you
press the band key, the gencral coverage frequency will
be Tost as the vio reverts to the (ham-hand) frequency it
was on when the band was last changed.

Ouce you become familiar with the memories, you
will find this really doesn't present a problem, as cach
memary can be tuned just like the vio, and stored into
another channel without having to go through the vio,

Dealing with Interference

The FI-650 includes several special features to sup-
press interference Whal may be encountered on the low
VHF bands. Real world interference conditions are
constanily changing, so optimum setting of the controls

is somewhat of an art, requiring familiarity with the
types of interference and the subtle effects of some of
the controls,

Attenuation & RF Amplifiers

Once you have selected a band for operation, yon
my want to 2et the receiver front end and IF stages for
optimam performance, using the &&C-F, ATT, BF Ay
and % buntons below the meler. The best selection will
depend on the type and level of noise, how busy the
band is, and whether or not you want to hear very weak
signals.

OF course, if you hear pulse noise such as from
aulomobile iEnition systems, press the 58 button (—).
Otherwise, reception is likely to be better with this
butten off (m). 17 you're going to tune arpund for
(non-FM) weak signals, press AEE~F. This allows re-
ceiver gain to recover quickly alier a noise pulse or
waing through a strong signal However, once you've
tuned in & voiee station, remirn Mis bullon 1o the off (=)
position for most comfortable copy (in CW, you may
want 10 leave it on all the time). Neither the AGC nor
noise blanker are wsed in FM mode, since the FM
circuitry limits all signals and noise to the same ampli-
tude.

The ATT and BF 2BF buttons allow you o tailor
receiver gain in all modes for optfimum sensitivicy. The
effects of these bullons are similar, but not identical,
Three levels of gain are available: the middle level is
selecled when both buttons are off (). Pressing only
AT reduces sensitivity by about 10 dB (with 4 resistive
network in the receiver front end), pressing GF A8
increases gain by about 10 dB (by swirching in a second
RF amplifier siage). Note that having both buttons
depressed al the same time (not recommended) resalts
in ahout the same gain as leaving both out, but with 4
Lot of extra circuitry in the signal path.

If the fTont end is set for boo much gain, background
neise und very strong signals on other freguencies may
make listening dillicult, especially for weaker signals.
On the other hand, if the front end is s2t for 0o lidle
gain (or too much atenuation), very weak signals will
not be heard gither.

If background noise or intermodulaton products
trom srong signals causes the meter o deflect on clear
channels, press ATT. Otherwise, if you're looking for
weak signals and the band is guict, press BF 28E, Once
you have tuned in a station you want 1o work, you may
want to switch off the BF &HF or activame the ATT, as this
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| make reception of the dasired sfation more com-
table, important especially in long Q50s.

Bandwidth and Shift Adjustment

Once you have tned in a signal you arc going to
en o for 3 while, if you hear inerference [rom
tinns on nearby frequencics, press the BARRDW butten
select a narrower IF bandwidth, and turn the SHIFT
wrol, if necessary, 1o suppress the interference. The
ect of these conrols varies somewhat from mode to
ke, and in 358 and CW, according to which narrow
whwidth you have selected (see the box below).

'Notch Filter (not used in FM mode)

After tuning in a desired signal, sclecting the TF
1dwidih and adjusting the shift, it heterodyne inter-
ence is heard, activaie the TF notch filter by pressing
' HETCH button. Unless the hetetodyne is very woeak
too tar from the center of the passband, vou can alzo
5 the AUTd button, which will automatically seek
t and null the hewrodyne, Otherwise, leave the AUTE
tton off (m), and adjust the manual contral just be-
v the buttons to null the heterodyne. Note that if the
erfering heterodyne is more than ahout 1.2 kTTe away
m the center of the passband, the notch filver may be
able top null it. In this caze, switch the notch filter off,
d readjust the IF shilt so that the beerodyne is ont-

IF Shift Adjustment
tma.—:-nw '- J.rm.r.:-.: i
qru
Shifr ey read
Rﬁrriﬂr shqrul. Sl
! || a f Snithmd
Aandps

1¥ Bandpawrs

side of the passband. While the auto-notch function s
active, the notch control provides fine muning of the
{automatic) notch frequency.
Transmitfing

The transmitter can be activated in the amateer band
ranges of 24.5 - 25 MHz, 28 ~ 297 Mlle, and 50~ 54
MHz. If the transmittcr is keved on any other fre-
quency, Errar is displayed in place of the operating
frequency, and the ransmiter is disabled. However,

vou should alse restrict transmissions to the frequen-
cies for which your antenna is designed,

The transmitier is also emporarily inhibited when
stopping memory scanning {described later), as pres-
sing the PTT swiich while scanning just causcs the
SUANMET 1) STOp.

Whenever the wansmitter 15 activated, the FT-650
automatically deweets any rellected power that might
appedr at the antenna jack (45 & result of an impodance
mismatch], and reduces power ourput if oo much re-
flegted power 18 foundl. Although this protecton system
should prevent any damage tw the ransceiver, we sill
recommend that you avoid wansmitting without having
4 proper anfenna connected o the SET jack,

S58 Transmission
To transmit in LB or USE mode:

[ Make sure the appropriate mode indicator is Iit, and
set the HEVER selector to the BLE position.

O If thix is the first ime you are ransmiting $88 with
the FT-630, preset the BUE and &F FWR controls o
about the 12-o'clock position.

O Press the PTT (push-o-talk) switch on YOUT MICIo-
phone, and alk.

‘I determine the optimum setting of the HIL control
for your microphone, adjust it while speaking into the
micTophone (gt & nommel level) so that the meter de-
Mects w about midrange on voice peaks (the upper end
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of the blue ALC range). Onee found, this setting can be
left ag it is unless you change microphones.

You gan switch the HETER sclector 1o the #i position
and adjust the BF FEE control for more or less owiput,
from about 10 to 100 wats (8 on the second meler
geule [rom the top), as desired, However, you should
always use the lowest possible power ontput to main-
in relighle communications - not only 45 3 COUTSY [0
other stations, but to minimize the possibility of caus-
ing RFT and TVI, and to maximize the life of the
equipment.

Omce the proper BIG contol setting has been deter-
mined, you can activate the speech processor by pres-
sing the PREE button o Increase e aveTage pOWET of
your signal,

CW Transmission

With your CW key or external keyer connected (o

the Ee¥ jack on the rear panmel, just set the WETER

selector 1o the BE position and use the BF Fil control to
set your ourput power while the key is closed.

The FT-650 provides semni break-in CW with a side-
tone oscillator, in which the fransmitler remains acri-
vated cxcept during pauses in your sending. You can st
the “hang time” during which the ransmiftcr remains
on after you open the key, and the volume af the CW
gidetome in the loudspeaker, by adjusting the internal
PELLY and TOKE wimmer potentiometers (se2 page 12).

AM Transmission

Power output in the AM mode must be limited to 50
warts, since both sidebands plus a carrier must be Tuns-
mifed.

O Ser the BETER selector to the FE position, and preset
the ¥I¢ and BF FYE controls m their 12-0°clock posi-
TS,

[ Press e FTL swilch on the microphone w0 leansmir,
amd use the BF FYE control to set your ouiput POWer
up to 50 wanls: the maximum safe metes indication in
thee AM mode is mid-scale (“4” on the PO scale).

7 To optimize your modulation, speuk inio the micro-
phone while advancing the HTE control just o the
point where slight movement of the memwr can be
seen, Don'Lset it beyond this paint or your signal will
hecome distorted from overmodulation.

Mute that the speech processor is disabled in the AM
muoce,

FM Transmission

“The HIE control sets your deviation in the FM mode,
g0 it will need ro be set carefully.

3 Select the FM mode, presel the BIE control to 12
o'clock, BF FWE to maximum, and set the HETER
selector 10 the Pl pusition.
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O Close the PTT switch and, while speaking into the
microphone, adjust e §IE conwol so that the By
LED jusl blinks on voice peaks. This sers your devia-
tion to 5 kHz.

O Den't forger to reduce your power with the BF FE
control {if you need full pewer, you should keep your
lansmissions to three minutes or less, with the same
time for reccption).

Clarifier (Receiver Offset Tuning)

The EZD key and the CLAE conrol are used to adjust
the receive frequency independently from the ransmit
frequency, typically to fine tune 4 station afcr esmah-
lishing contact. On the FT-650, these conirols allow
you o store o particular offset {up 10 9.99 kHz) and then
to reactivan: it later.

Perform the following steps, if you like, to familisree
yourself with the elarifier controls:

{7 Press the BES key and turn the 5LAR control back and
forth while watching the display frequency. The tun-
ing rae and [0-Hz steps of the CLAR knob are the
same in all modes, bur if you wrmn the main knob or
the HEW/ TH selector while the clarifier is active, their
steps will be the same as if the clarifier was off,

O With the clarifier offset o some frequency other than
that om which vou siaried, close the PTT switch and
nolice the displayed frequency shifes back toits origi-
nal spot while transmitting.

1 Press Eagaﬂn to um the clarifier off. Notce that
the oflsel disappears.

1 Mow retune with the main knob or HERSCH selector,
and press B3 once more 10 Teaclivate the clarifier.

MNotce that the same offsel that you had set previously
returns, butis applied o the new frequency,

O Toclear the offset from the clarifier it is not necessary
10 readjust the £LAH control. Just press 2220 followed

by % {the clarifier does not even have to be active
an the dme).

Maow let's look at a rypical application for the clari-
fier. Say you are in contact with a station whose frans-
mitter drifts {or perhaps you didn’t have him guite
tned in when you called him). You don't want to
change your transmitting frequency, as thut would force
him 10 remne — you just want to adjust your receiver.
You could procesd as lollows while listening to his
signal and watching your display:

M Press BE Lo activate the clarifier, and if Yol notice

the trequency change, press B2 [ollowed by B3 m
cancel the previous olfser

] Then carefully retune his signal wilh the CLAR knob
(be careful not 1o wen e main knob by mistakel),

That's it. Your iransmissions will remain on the
frequency where he originally found you, but you will
hear him clearly. But there’s one more thing: after you
finish your conversation with him, you must remember
10 Press fen] again tw turn off the clarifier, iherwise,
the next station you call will find you off frequency.
Aliernatively, you can leave the clarifier on and just

firuat | . .
cloar it with C=D and B2 (il you expect 1o need it again
2001

Remember that the clarifier stores its olfsel until
you clear it. The FT-630 actually hus an independent
clarificr for cach vfo (A and B) and each of the 105
memories, on each of the three bands! This means that
clarifier olfsel setings are not carried over when you
change bands, vlos or memories, but rather are stored
unitil you return to that vio or memory and hand.

Using Vfo B

Az you might imagine, viv B works identically to
vfe A. The major purpose of this second vfo iz to
provide simple, unlimited-range split {(mansmit/re-
ceive) frequency operation, described in the following
section, and o allow you to keep all settings in one vio
while using another (for quick return later). To aclivale
vio B, press &3 while receiving on vio A (the current
vio sclecrion is indicated to the lefl of the frequency
display). Band, frequency, mode, IF [ilier, ¢larifier and
repeater shift data can be selecied entrely indepen-
dently of vfo A, and you can swilch between the two at
any Lme just by pressing = (g0 ahead and my it}, You
can also copy the contents of the displayed vfo to the

other, by pressing and holding the He-¥FO button fur
Ls-second.

Split Frequency Operalion

Split operation is performed by Teceiving on ene vio
{A or B) and transmitting on the other. The special case
of FM repeater operation uses svme features of its own,
and is described in the box on page 18,

O Before activating split operation, you need o woe
one vio o the frequency you are going o mansmit on,
TP
and then press B2 w0 switch v the other v,
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[ Then i activate splil operation, press . SPLIT ap-
pears in a box at the top left corner of the display, and
when the transmitter is keyed, operation shifts to the
other ¥fuo,

You can now woe the (Teceiving) vio around as
desired, aml you can press B2 and £ (A/B reverse)
e chieck activity on the other vio (normally your wans-
mirting frequency). Mowever, you cannot wne while
the vios are Teversed — if you Ty to, Ioverse operation
is cancelled.

Noie that A/B everse exchanpges the transmit and
receive frequencies for tansmission, as well as recep-
lion, so you will probably want o press BFE and e
again to return things 1o normal before you ransmit
{although you don't have 10).

Memaory Storage

The 105 memory channels in the FT-650) ¢ach store
frequency, mode, normal/narrow IF filter selection and
clarifier sctfings copied from the display into the dis-
played memory channel number when the ¥F8=-# but-
tom is pressed and held for Ve-second. The data 10 be
copied from the main display may be cither in the vfo,
or in another memory, General-purpose Memorics are
numbered [rom 01 o 99, and special-purpose memo-
rics (lescribed in derail later) are labelled L1, U1, 1.2,
Uz, Pl and P2

Example; 1o store 14.25 MHz USD in memory 10

[ First ture to the desired band, frequency and mode,
and activate the repeater shift, if desired.

Note: Just like the vos, each memory steres three
proups of sertings, one for each band, If you like,
you can ser up frequencies o any or all three
bands, end all of them will be stored together in
ane memory. In addition, after serting wp any or all
bands, you can tune the wfo to a frequency cutside
af the ham bands — if you do this lost, i will alsa be
stored in the memory along with the seiing for the
three ham bands!

O Once you have the vio set up as desired for memori
zation (up 10 four frequencics, plus sellings), press the
WEN=M batton (at the upper right) momentarily — the
channel number on the display will begin to blink,
and rotate the BEKSTE knob untl X& is displayed (o
select (he channel number to store).

Note: when selecting the memary number inwhich
to store new data, the small 68" will appear 1o the

right of the channe! number if it iy already holding
dara. Therefore, if you do not wanr fo overwrite
data that has been stored previously, selecr a
memory nurler that does nor have CR displayed
after .

O MNow just press and hold the ¥ Fle-H button for Va-sec-
ond, unfil a second heep sounds from the key beaper
{confirming that the memory has been stored).

If you have the clarifier set for some offset or the
repeater shift activated, these are also stored in the
MEMmary.

Mote thal storing @ memory does not shill operation
w that memory. A memory must be recalled as de-
seribed next before it i used fur operation, However,
before proceoding, we suggest you store 4 few memo-
ries as deseribed above 50 that the next scotion will not
be confusing (you only need to store one frequency in
gach - they can be modified laer).

Memory Recall & Operation

To recall data stored in @ memory channcl for oper-
ation, jusl press E58 . The vio indication ot the lefredge
of the display will be replaced with HE® as the mode
indicator LEDs and display change, il appropriate, to
rellect the contents of the memaory channel, Turning the
WEH/LE knob new selects from among all stored mem-
ories, while empty memories remain hidden.

You can put this to advanmge by grouping your
memories according to their wse when you store them.
For example, put 10-meter repeater channels in memo-
rigs 20 - 23, G-meter Tepeater channels in 30 - 79,
utility stations (like the Red Cross channels around 43
MIz) in memarics 80 ~ 99, ¢ic, Then when you are
recalling old or sloring new memorics you will be able
o better keep tack of which memories are in use.

Once you have recalled a memory for operation, you
can treat it just like a vio: retuning, changing bands and
modes, erc. As soon as you make any changes to the
memory, the HEM displayed at the left will change tw &
TURE.

Il you want to make any changes perinanent, you
mst press and hold the ¥FE=H button for Y-second o
restore the now data is the same channel; or you Can
press the button brielly, select another channel for the
new data, and then press and hold it for Ve-seeond.

II you recall 2 non=ham band memory and then press
the B33 key, you will be forced onto the ham bands. To
gat back o the non-ham band frequency, just press the
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o
W key (10 cancel changes 1o the memory). If you
lon’t want o loose your changes, first store them to an
ew memory chanmel,

While a memory is recalled (and refuned or not),
‘ou can copy all of its data to the last-selected vio, by
iolding the E-¥r0 button for Y-second. The previcwus
onlents of the vio are loge!

To get out of the memories and back o the vios,
mess the E ke

Hemary Scanning

You can scan any siored memories by pressing and
wlding either of the UF or [%¥ buttons on the micro-
hone for Ye-second while a memory is recalled (and
wr euned), If #EM is displayed to the left of the fre-
jucncy, only the memory channels will be scanned. TF
| TE i displayed, scanning will be the same as vio
canning (that is, scanning of the entre range of the
ransceiver), beginning with the displayed frequency.

As with vfo scanning, both endless and stop-on-gig-
i@l scanning modes are available for the memories,
lepending on whether the squelch is initially open or
losed, respectively. As with vfo scanning, vou may
irst want to adjust the $0L control on a clear channel.

Dwring stop-on-signal memoTy scanning, the scan-
ler will pause on any channel having a signal (or noise)
wong enough to open the squelch, during which the
wo decimal pointg in the main frequency display will
link, s0 you may need to readjust the 34L control to
ep the scanmer from stopping on channels with high
ackground noise. Afler puusing, scunning will resume
ither afier five seconds, or after the signal disappears,
lepending on your scan resume selection (see box be-
W)

T stop the scanner, press the FLUT switch (no rans-
mission will occur), or one of the microphone buttons
again. Note that the ATy and 8F &8 selections also
affect the syucleh threshold, :

Mamary Scan Skip

Once you have stored a lot of memories, you prob-
ably won't want to scun every onc of them. You can
mark some of them to be skipped during scanning. To
do this, recall the channel (o be skipped, and press

P and then IEE . Sxir will appear to the right of the
chynnel number (this setting is automatically stored in
memoery, S0 you do not need o store it manually).
Repeal the same keystrokes to re-include the memory
in SCanning.

Even with some memories marked to be skipped,
you can still all memories just by holding the micro-
phone button down while scanning.

Clearing/Hiding Memories

You can clear the contents of 2 memory when no
longer needed (or o hide it wemporarly), by pres-
ging mre and then the YFI=8 button. Mow, when this
memory is selecied during memury storage, CLEAR will
be displayed next o the memory number. This helps in
keeping track of which memories are in use during Lhe
memory storage process: cleared memories will display
CLEAR, ancl unused memories will display their channe]
number without *¢2”, as described on the previous
page. You can alse unhide a cleared memory simply by
repeating the same kevsrokes used to hide it

Made-Specific Scanning

As described so far, memory scanning includes
channels in the scan regardless of mode — that is, if the
memaories were stored with different modes (AM, USE,
FM, etc.), the correct mode will be recalled whenaver a
channel is scanned. You can limit the scanner w only
memorics of a specific mode, by pressing the corme-
sponding mode bulton (to the left of the mwning knob)
after you activale the scanner. It will then skip any
memories that were not stored in that mode. This is
particularly handy [or scanning FIM repeaters, as de-
seribed in the following example:

To scan the standard FM repeater channels on the
29-MHz band:

O Szlect the FM mode, and siore the 10-meter FM
Topeater output channels, 29.62, 29.64, 29.66 and
2068 M1z, in any four memories, Then recall one of
these memories,

page 21



img049.jpg (2208x3251x256 jpeq)

w2 a

I key (w0 cancel changes wo the memory). If you
don’t want 1o loose your changes, [irst store (hem W an
new memory channel,

While a memery is recalled (and retuned or not),
you can copy all of its dara to the lase-selocred vio, by
holding the B=¥FE button for Ve-second. The previous
conrents af the wfo are lost!

To get out of the memories and back o the vlos,
press the ﬁ key.

Memaory Scanning

You cun scun any stored memories by pressing and
holding either of the UF or T8E buttons on the micro-
phone for Ya-second while & memory s recalled {and
mot Tetuned). If B is displayed to the left of the tre-
quency, only the memory channels will be scanned. I
B TEEE is displayed, scanning will be the same as vio
scanming (that is, scanning of the entire range of the
transceiver), beginning with the displayed frequency.

Aj with vio stanning, both endless and stop-on-sig-
nal scanning modes are available for the memories,
depending on whether the squelch is initally open or
cloged, respectively. As with vin scanning, you may
first want to adjust the 9L control on 4 clear channel.

During stop-on-signal memory scunning, the scun-
ner will paunse on any channel having a signal (or noise)
strong enough to open the squelch, during which the
two decimal points in the main fregquency display will
blirk, s0 you may need o readjust the 5L control
keep the scanner from swopping on channels with high
background noise, Afier pausing, scanning will resume
either afier five seconds, or after the signal disappears,
depending on your scan resume scloction (sce box be=
low).

To stop the scanner, press the PTT switch (no rans-
mission will eceur), or one of the microphone butions
again, Note that the ATT and BF AHP selectons also
affect the squelch threshold.

Memory Scan Skip

Once you have stored a lot of memaories, you prob-
ably won't want to scan every one of them. You can
mark some of them tw be skipped during scanning. To
do this, recall the channel to be skipped, and press

(1) and then BZH . sy will appesr to the right of the

channel number (this setting is automatically stored in
memory, s0 you do not need to store it manually).
Repeat the same keystrokes 0 re-include the memory
in seanning,

Even with some memories marked to be skipped,
you can $till all memorics just by holding the micro-
phone button down while scanning.

Clearing/Hiding Memgries

You can clear the contents of a memory when no
longer needed (or o hide it emporarily), by pres-
sing @ and then the 0= button. Mow, when this
memaory is selected during memory storage, CLEAR will
be displayed next w the memory number. This helps in
keeping track of which memories are in use during the
memory siocage process: cleared memaories will display
CLEAR, and vnused memories will display their channel
number without “e8”, as described on the previous
page. You can also unhide a cleared memory simply by
repeating the same keysirokes used to hide it

Mode-Specific Scanning

Ax described so far, memory scanning includes
channels in the scan regardless of mode — that is, if the
memorics were stored with different modes (AM, USE,
FM, etc.), the comrect mode will be recalled whenever a
channel iz scanned. You can limit the scanner to only
memories of a specific mode, by pressing the corre-
sponding mode button (1o the lefl of the wning knob)
afler you aclivale the sganner, Tt will then skip any
memories that were not stored in that mode. This is
particularly handy for scanning FM repeaters, as de-
seribed in the following example:

To scan the standard FM repealer channels on the
28-MI1= bamd:

O Select the FM mode, and store the 10-meler FM
repedler output channels, 2962, 2061, 2066 and
2968 MHz, in any [our memories, Then tecall one of
these memories.
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O With the squelch closed, press a microphone button to
start scanning, and then press the FM mode button.

O Scanning will cover the four repeater channels, plug
any other memorics stored with the FM mode,

Programmahble Scanning Limits (PMS)

The four memaoties labelled L1, L2, Ul and U2 can
be used just like the other memories, but they also
provide a special function: as frequency subband limit
pairs (L L/T1 and LXATZ). Swore the lower subband edge
in memory L1 or L2, and the commesponding upper edge
(or actually, one step past it} in 171 or TJ2.

Example — Scan 28.05 to 28.992 MHz and 50.003
to 50.399 MHz (as you might w0 watch for VX beacons
on these bands):

(3 Press the oo | ke, if necessary, o select a vio, and
mne it w the lower edge of the first Tange (24,05
MHz). You do not need to select the mode now, a5 this
must be selected larer when you activae PMS.

O Now press ¥Fle# bricfly, wen the BEE/CE knob w
select channel 1.1, and then press and hold it again for
Ya-wecond tm store the displayed frequency in the
MEemory.

0 Retune 10 28.9921 MHz, one siep above the upper
edge of the first range, and store this in memory 171
in the sume manner a5 above.

[ Retune to $0.003 MHz, the lower edge of the secomnd
range, and store this in memory L2,

O Now retune to 50.3991 MHz, the upper edge of the
second ranpe, and siore this in memory UZ, The
memories are now all set fur PMS operation.

[0 Before activating PMS, select the mode (FM, in this
example), and press E@ 0 aclivale minus TLPCALET
shift — stundard for repeaters on these bands.

[0 Finally, press andthen EL@ 1o activaie the PMS
subband limits (you can do this from & vio or memory
— it doesn't matter). The dizplay froquency will
change to that of memaory L1, although the displayed
channel number will likely be different (you can ig-
nore i}, and FAS will appear above the memory nom-
ber. If you turn the tuning knoh you will see that the
funing range is limited 1o the L1 ~ U1 and L2 ~ (J2
subbands.

O To scan both subbands, make sure the sguelch is
closed, and just hold one of the mictophone keys for

Yo-second. The scanner will traverse 2062 w 29 68
MHz, then 53.01 tn 33,99 MHz, and then jump back
o 2962 Mile

While PMS operation is aetive, you can changs
scanning steps, modes, repeater and clarifier settings,

Pressing B or E will desctivate PMES operation

Afler setting up your PM3 memories, if vou wish (o
use the PMS leatwre to tune or sean only one of the
ranges, just hide one of the band limit memories of the
band you do not want to scan, as described on the

previous page,
Priority Monitoring

You have probably already noticed the rwo other
special purposs memories, labclled P1 and P2, You can
store frequencies (and modes and repeater shifts) in
these memories thal you wish tw monitor for actvity
while receiving on a vfo or other memories, by actival-
ing priority monitoring,

To activate priorily monitoring, press e and then
the He-¥FD butlon. PRI will appear above the memory
number. Every five seconds, the receiver will Briefly
check for activity on the priority channcls, and if a
gignal iz found strong encugh to open the squelch,
operation will jump to that channel for fve seconds
(regardless of the semming of the scan resume mode).

While paused, the decimals in the frequency display
will blink, and if you press the PTT switch on the
microphone, operation will shilt penmanently e that
priority channcl as priority monitoring is deactivated.
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Dhuring priority monitoring you will probably want
o keep the squelch closed, so thal the receiver dees nol
ruse for five sceonds each time it checks the priority
thannecls.

You can tune the vio or memory while priority
nonitering, but switching vios or between vfos or a
uned memory and other memories will cancel priority
nomioring.

If you want to monitor only one priority channel
ifter storing both, simply hide the one you don’t want
o monitor, If hoth are unhidden, P1 will always be
shecked before P2 (so il signals appear on bath, P1will
1ave Prioriny.
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Tone Squelch

When the FTS-8 Tone Squelch option is ingtalled,
you can access CTCSS-activared siations and repes-
ters, and silenfly monitor for calls on busy channels.
The Iransmit function of the FI'S-§ superimposes a
subaudible tone (at & frequency too low wo be heard) on
the transmilied carrier, while the receive function mon-
itors receiver audio through a narrow filer at the same
subaudible frequency, keeping the squelch closed until
a matching tone is received. Tnstallation instructions
can e found on page 26.

The FT5-8 offers a choice of 37 different subaudible
tone frequencies (listed below), from which you must
select the one that maiches the station(s) with whom
you want to communicate. To check or set the CTCSS
mne frequancy:

(7 Press mrm and then =5 . The display will show the
current lone frequency, in ez,

O To change the tone trequency, just turn the BEH/EE
knob.

[ Press g3 by itsell 1o return the display to normal
when finished.
After selecting the desired tone frequency, you can

activate it for transmission by pressing 253 once so that
a “T" is displayed above the operating frequency. For
twne-squelched reception (as well as transmission),
press G5 0008 MoTe, so that “SQL is displaved too,

To deactivate CTCSS operation, press fag until the
display is cleated of the “T" and “SQL",

FTS-8 Tone Frequencies (in Hz) 7

“Tone seleclions wilh leading ('s use high-0 degoder fikers
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1200-Baud (KFM) Packet

The DATA IN/OUT jack on the rear panel provides
-ansmit and receive sudio interconnections [or 4 pack-
{ tnc. Connections are shown below, Note that the
queleh control line for the me connects to the BUSY
ring contact) of the CAT jack on the wansceiver.

For recepton, select the FM mode. Either wide or
iarrow IF [lters may be used, with the narrow selection
ikely to give better performance if the other station
lso has a narrow I capability.

lo set up the wansmitrer for FM packet:

7 Sturt with the BF FEE control at about midrange, and
set the HETER selector o ALE.

3 Set your me 1o its “calibrale” mode, preferably with
bath tones alernating, and adjust the munsmil audio
puiput level control of your tnc so that the meter
deflects m mid-seale (this conwrol may be an internal
wimmer, but the adjustment should only need to be
done once).

5 Switch the KETEE selector o PO and set the HF FHR
control fur the desired power ouput (keep the power
level as low as possible to maintain communications
while avoiding unnecessary heating).

Packet TNC Interconnactions

page 25



img054.jpg (2208x3251x256 jpeq)
Installing Internal Accessories

This section contains the installation procedures for
inztallable options available for the FT-650.

FTS-8 CTCSS Tone Squelch Unit

The FI'S-B provides tone squelch operation of the
FI-650, allowing sileal monitwring of busy channels,
and access 10 repeaters that require 4 subawdible tone.
It consists of a programmable subaudible tone genera-
tor (for transmission) and matching decoder (for recep-
tion}, with ELA-standard tones selectable from the front
panel.

O Disconnect the trunsceiver trom the power source.
Loosen the two carrying handle screws, and remove
the two screws on each side of the upper half of the
wansceiver, and the four screws from the wp, as
shown at the upper dght. Then Tift off the top cover.

O At the wop left side of the rear-most circuit board (the
AF Unit — see right, and below lett), locate the two
white plastic connectors, one of which is empty, and
the other having only a 47-k (yellow-purple-orange)
resistor installed between pins 4 and 5. Remove the
resistor, and save it if you expect to remove the FTS-8
later.

1 Press the FTS-8 onto the two conneciors, so that all
pins find their mating holes (see phot, below lel).

O Unless you are alse installing the CW filier, replace
the top cover and cight screws removed above, and
retighten the carrying handle screws.
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F-455M601-01 600-Hz Narrow CW Filfer
s provedure reguires a soldering iron.

Disconnect the mansceiver from the power source.
Logsen the two carrying handle screws, and remove
the two screws on each ide of the upper half of the
wransceiver, and the four screws from (he p, s
shown at the upper right on the previous page. Then
lif1 off the top cover.

| Referring o the photographs at the right, remove the
serew at each side of the third board from the front
(the IF Tnit), and carefully pry up each side of the
board about Smm (1™, Then Lift the board oul of the
chassis.

J Siraighten the four wires ou the new Glter, it neces-
sary, and then feed them into the holes at locuation
CF4004, just below the existing ceramic filter. Make
sure the new filler is pressed all the way in, then
solder each of the [our Jomls, and mim away any
EXCEES. :

7 Referring to the photo below left, locate miniature
slide switch S4001 near the filter, and move it w he
lower position (toward the new filer).

7 Keplace the bourd and its two screws, and the top
cover and eight screws removed above. Don't forget
10 retighten the camrying handle scTows.
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FP-22 AC Power Supply

O Referring to the photo at the right, remove the screw
near the bottom of the dummy plate on the tear panel,
anid remove the plate,

1 Stide the FP-22 into the opening, and tighten the large
MOUnTing SCTewW USing & coin,

O Press the output plug from the FP-22 on to the DC

supply plug on the ransceiver’s rear panel, Installa-
tium i% now complete.
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Cat System Computer Control

The CAT (Computer Aided Transceiver) System in
the FT-650 provides control of operatng frequency,
mode, handwidth, mansmitfreceive and memory §et-
tings by the operator's external personal computer. This
allows multiple control operations, such as crosshand
splits, to be fully automared as single keyswoke opera-
tiong on the computer keyboard, While the CAL system
i% enabled, the front panel wning knob, mode buttons
and keypad are disabled.

Serial data from the compuler is passed at TIL
levels (0 and +5V) via the center (serial input) pin of
the CAT jack on the rear panel of the mansceiver at
4300 bitsfs. The ring contact of this jack provides a
TTI -level indication of the squelch status for external
processing (such as for scanning). Pinout i3 shown on
page 13, Each byte sent consists of one start bir, § data
bits, no parily bit and two stop bits:

1 Byte (sent left-to-right)

All cormmands sent from the compuler wo the trans-
ceiver consist of blocks of five byles each, with up to
200 ms between each byte. The last byle senl in each
block is the instruction opeode, while the firs four
bytes of each block are arguments: elther parameters
for that instruction, or dummy values (required 1o pad
the block out to five bytes):

[ Arg Byw [3rd Arp Byte [2d Arg Byw 1t Arg Byte| Opeode |
5-byte Block (sent left-te-right)

There are ten instruction opcodes for the FT-650,
Listed in the table on the next page. Notice that several
instructinns require no specific parameters. However,
every Command Block sent 1o the mansceiver miwst
always consist of five bymes,

The CAT control program in the computer must
construct the 5-byte block, by selecting the appropriate
insiruction opcode, organizing the parameters, if any,
and providing unused (dummy) argument bytcs fur
padding {the dummy bytes can contain any value). The
resulting five bytes are then sent, opcoede last, w the
serial input pin of the CAL jack on ihe ransceiver.

EXAMPLE: Set operaling frequency to the Interna-
tional 6m 35B DX calling frequency, 30,110 MIz;

[ Tirst determine the opeode for the desired instruction
(scc the CAT Commands Table). These opcodes
should be stored in the program, so they can be looked
up when the user requests the comesponding com-
mand, Tn this case the insruction is “Set Op. Freg.”,
s0 the opeode s 01h, Small “h”s following cach bye
value indicaw hexadecimal (hase 16) values.

O Build the four argument byte values from the desired
frequency by bresking il into 2-digit blocks (BCD
“packed tecimal™ format). Note that a leading zero is
always required in the hundreds-of-MHz place.

1 The resulting S-byte block should now look like this

{again, in bexadecimal format):

B'!"ﬁ:“‘ 0 bih ih 00k bih

Content 10z oo Set Op
R e MHzh 10s&1s tmss poch
byte MHz 11::;.'.:_'9.?01 ofkHz 10’5 0fHz Sian

M Send these five bytcs to the mansceiver, in the same
order as that shown above — from lef-te-right (sec
ihe Basic example on the page alter next),
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CAT Commands

“—* indicates & padding byte. Value is unimportiand, but il st be present w pad the block out to five ytes.
(ipendes are hown in both hex and decimal format (whene diflerent) for convenience - only ong byie can he acmally sen.

Perameter Byltes _meda

Command Notes
1 2 3 4 | hex (dec) S Y
CAT On — | — | — | — |00h Swilch GAT operation QM (if aff) - Operation shifis o the VD if on & memary
CAT Off — | — | — | — |80n (128}| Switch CAT operation OFF (if on)
Set Op. Freq. Fi | F2 | F3 ]| F |Bh et frequancy in F1 - F4, in BCD format: soe e for examplke
Recalls memory channed number G 01 o 63h comespanding ko mamaries 1 1
RecallMemory | C | — | — | — | BIh (1290} gy organ (L1), 650 (L2), 86h (U1), 67h (U2}, 63 [F1) or 630 (P2)
VFO =M G e — | C1h (193)] Gopy display o charne! G
Uppssr rybtsle W sals Bandwiclh: Lower nybible M sels mode:
: 0 = wide FMAN, or 2 4kHz ssb/CW L5B=xth
Set Bandwidth | | _ | _ | _ |om £xh = 2.2 Hr 550 0r 1.2k OW LISB=x1h
and Mode 8 = rizrrow FMUARL 2.0 kHz ssb or 600 Hz GW ﬂfﬂ"
(ixh = 1.8 kHz 53b or 300 Hz CW 4

FM=xh

Bifwizz OR Ihe W and M nybbles before sending, or sas the Table befow leit

Transmit - | = | = | — | oeh Close PTT (acivabe ransmitir)
RetntoRecaive | — | — | — | — |8ah (136)| OpenPTT {deactvate tranamitiar) ;
CTCSS5SquelchOn| — | — | — | — |k (10) | Activate CTCSS for both Fansmil and recoive (requires FTS-8 aption)
CTCSS Tx Only - | = | = | = |4ah (74) | Actvate CTCSS for ransmit (only) (requires FTS-B opicn)
CTCSS off — | — | — | — |8Ah (120 | Decctvale CTCSS operafion
= B Salact a CTCSS Tone Frequency. Ses Tone Code Tabile below for Be valoes of
SetCTCSSFreq. | T | — | — | — |FA" |250)] T gt correspond with Ihe available tones (raquires FT5-4 option)
Bandwidth & Mode Codes (WM) CTCSS Tone Code Table
Wide Mamow 24 22 20 15 12 GO0 300 Tene Code | Tone Code | Tone Code | Tome Code
AMFM AMFM kHz kHz KHz KHr kHz Hr  Hz | ‘0670 1Dh | 670 3Eh | 1188 h | 1738 =n
LS8 _0oh  4h alh  Goh 0718 1Eh | 118 30h | 1230 Z2h [ 17989 2
=B Oh 41 8h Cih 0744 18n | 77.0 3Ch | 1273 Sith | 1852  ¥6h
CwW 0zh 4h B Crh 0770 1Ah | 825 3Bh | 1318 30h | 1928 25h
AM | o am : 0797  19h | 885  3Ah | 1365 2Fh | 2085 b
| oo g 0825 18h | 948 WA | 1413 2h | 2007 3
= 0854 17h | 1000  38h | 1462 20h | 2184 2oh
0885  1Bh _ 1035 37h | 1614 2Ch | 2257 21h
0915 15h | 1072 2Bh | 1567 2Bh | 2336 20h

118 3h | 1822 2Ah | 2416  1Fh
1148  34h | 1673 #Eh | 2304 1E!‘|_
* The fone selections with keading O's provids low-0 decodar files

page 30




img059.jpg (2208x3251x256 jpeq)

Coding Examples

Although Yacsu Musen Company cannot offer to
mwvide complete CAT control programs {owing o the
rge varcty of incompatible computers used by our
1stomers), following are a few examples of critical
AT output functions, in Basic. Note that all variatdons
[ Basic may not support some of the commands, in
thich case aliernate algorithms may need o be devel-
ped to duplicate the funcrions of those shown.

iending Commands

After “opening” the computer”s serial port for 4800-
aud, § data bits and 2 swop bits with no parity, as o
evice #2, any CAT command may be senl. Here is an
xample of a typical statement (in this case, in
dicrosuft GW Basic) to upen serial port 1, and then 1o
ctivare the CAT system in the FT-650:

OPEN “COML:4800,M,8,2,R5,C5,05,00" AS #2;
PRINT #2, CHR$(0):CHRE(0);CHRS{0);CHRS (D) ;CHAS (0] :

The instruction epcode is sent last, with the param-
ters sent in the same order as shown in the CAT
“ommands @ble, Also note that in this amd the follow-
ng examples, we are sending zeros as dummy bytes:
his iz not necessary, however, If you decide to send
ommands through a S-byte array, they values of the
lummy parameters need not be clearcd.

Using the same example as before, the following
:ommand could be used to sel the frequency of the
lisplay to 50,110 MHz:

PRINT #2, CHR$(&HOS); CHRS(&NOD1);
CHRS(&H10); CHRS (&HOO); CHRS({&HD1);

Motice here that the BCD values can be sent just by
preceding the decimal digits with “&H™ in this exam-
ple. llowever, in an actual program, it may he pret-
arable to convert the decimal frequency variable in the
program to an ASCIT string, and then 10 convert the
siring to characters through a lookup rable.

If you send a parameter that is out of range for the
intended funcdom, or not among the specified legal
values for that function, the FT-630 should do nothing.
However, if you send a wrong command aecidentally,
your program could loose mack of the wransceiver set-
tings, Therefore itis very important o include plenty of
error checking to test any data for validity before send-
ing it to the fransceiver.

Rear in mind that all commands except frequency
setting specily “hinary™, as opposed 10 BCD formatted
paramersrs. You can send binary parameters without
going through the character/hex string conversion pro-
cess. For example, the C parameter in the Command
table is a binary valee. You could have the FT-630
recall memory channel 50 (decimal) by the following:

PRINT #2,CHRS(50) s CHRS(0) 3 CHRS (0] s CHRS (D) ; CHRS (129);

Note that only decimal values are used in this siate-
ment: the binary value of CHRS (50), which is 32h (hex)
will be scnt to the tansceiver withoul need for the
program to explicitly make the conversion.

As you ¢an see from the Command Tuble, the band-
width and mode setting parameter byte, WM, has a
unigue structure. The upper four bits sel the bandwidth,
while the 1ower four bits set the mode. There are several
wiys you can choose to handle this, one of which is to
handle the twao 4-bit nybbles separately, and OR them
together to gel the required parameter o send. For
example, if you define the valid nybble values as:

LSE=D; USE = 1; CW =2; AN = 4; FH - B
WIDE - D; MWIDE = BH40; MMAR - BHBO; MAR = LHCO

Then you can set a new mode and bandwidth (USIE,
2,2-kITe medinm wide here) like this:

MODE = USE; BWIDTH = WWIDE
WM = MODE OR BWIDTH
PRINT #2,CHRS (WM) s CHRS (D) ; CHRS (0] ; CHRS (D) s CHRS (72

However, you'll nesd o keep in mind that some
combinalions are notvalid (such as medium AM or FM
bandwidths), und s0 may want to add some checks o
warn the nscr amd prevent these from being sent.
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