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Right Fancy CPO
A keyerfrom My Kid Brother.

The CPO, a/k/a code practice oscillator, has been a part of ama teur radio for quite
a long time now. I have no idea when the firs t one was built, or who built it for that
matter. The fac t remains, however, that the "code practice osciIIator/ CPO " has
remained much the same since its inception .

T
he main - the only - purpose
of the code oscillator is to pro­
vide a means of keyed on-off

tones. Once CW is well mastered, the
CPO is really of no further use !

CW comes in two parts: transmitting,
and recei ving!

Learning to receive is only half of
the Cw -leaming experience. We are
told that a dash is three times longer
than a dot. The time interval between a
dot and a dot (or a dash and a dash) for
the letter "I" (or "M") is equal in lime
value to the length of a dot.

OK! Fair enough! So how do you
measure that length of time? If you
hold a dot for a given length of time,
how do you know that you are holding
the dot long enough? How do you
know, for that matter, that the dash you
send next is three times longer than the
dot? Or too short maybe? Or even too
long'!

While learning to send CW in prepa­
ration for my Novice test, it occurred
to me one day that learning to send
CW has a IOl in common with learn ing
to play music - and the playing of
music is a motor skill . CW sending,
also like music playing, is a "motor
skill," too. II uses only one tone, so
unlike with music, you don' t have the
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dimension of "pitch" 10 deal with. How­
ever, as with playi ng music, you are
dealing with sensing time (musicians
call it a time feel)!

Developing a time feel in playing
music is facilita ted by practicing with
a metronom e, and practicing for an
incredible amount of time (more than
you want to know)! While I was work­
ing one day with a metronome, it be­
came obvious to me that a note had to
be held accurately for a given interval
of lime in music, in much the same
way (in CW) that dots and dashes have
to be "time accurate ,"

There are many different length-of­
time notes in music. but only two dif­
ferent "note lengths" in CW - the dot
and the dash (the verbal usc of dit and
dah bear witness to that fact). Well,
you can't very well adapt a metronome
to help in learning the sending of CWo
However, playing a musical instrument,
such as the bass fiddle, is a motor skil l.
Sending, the playing of, CW, is a mo­
tor skill a lso (although nowhere near
as invol ved as p laying the bass fiddle).

So the techniques that I used in
learning to play music, modified, will
work for the learning of CW "play­
ing." This CPO, I believe, fills a void

in learning CW that has been there all
along - that is, until now.

Back when I was in high school, a
fellow student, David T. Holmes Jr.
W8UMP, was two years ahead of me
and had his General class license. He
became my frie nd and amateur radio
mentor, Dave volunteered his time, ex­
pertise, and pat ience (if YOU'fc out
there Dave, lhanks!) to leach me the
necessary code and theory in order for
me to pass my Novice test.

One day, while struggling with the
code, it occurred to me to handle the
task the same way as though 1 were
leaming (0 playa ncw piece of music.
as already mentioned. Just practice the
sending of CW the same way. Practic­
ing, being patient, and persevering are
also key ingred ients in learning to play
music. Remember, this CPO is for
learning how to transmit CWo1 know
that there are those out there who have
learned to receive the entire CW alpha­
bet, numhers and punctuation, in under
150 microseconds - nice going!
Transmitting CW, the other half of the
CW communicating sys tem, however,
is another story.

Over the years , every now and
then, memories of my Novice license
preparation days come back to me -
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quarter note is called a half nOIC. A
ha lf note is twice as long as a q uarter
no te .

"O K. so how do I get a dash o ut of
all of this?" you say. Wel l. no te time
lengths can be . combined. or linked
(musicians say tied ). IF you start with
the first metronome pulse. hold it for the
second pulse. continue to hold though.
and release with the fo urth pulse. you
have a q uarter note "tied" to a half note
(in music it wo uld be ind icated as a
half note with a dot beside it ). If you

link quarter and half notes. and ana­
lyze by counting clicks (witho ut any
separation) , it adds up, clickwise. to four
counts the t ime length of a dash.

There iri s. a nalyzed. A dot. and a
dash, which is three time intervals
longer than a dot (no tice the time ind i­
cators on the timing d iagram). You can
get a better understanding of what thi s
is a ll about. w ith your fi ngers. Place
your hand palm-down on the table . fi n­
gers spread . The li ngers, repre se nt
cl icks, the space between the lingers
represe nts. "the 'on' t ime interval,'
The space betwee n the index and sec­
ond finger is the "interval" of a dol.
Yo u ca n animate a dot by tapping fi rst
the index finge r, the n the second linger
(hum or whist le between ta ps) . If yo u
do that, you have a somewhat crude
hut accurate represe ntation o f a dot
time le ngth .

As was said. two clicks on a metro­
nome result in a dot , time interval­
wise. A dash is done in a similar
manner. hut notice that yo u need to
add up the time interval spaces be­
tween the fingers. That tu rns o ut to be
a "four count" on the fingers, or fo ur
pulse s of a me tronome. S tart by tap­
ping the first finger. and start humming
and hold ing the hum unt il you tap the
fourth fi nger - that's the lengt h of a
dash! This C PO transitions from the
time marking aspect of a metronome
to the generation of accurate- length­
of-time tone intervals. Marking time,
without time marks. Marking time-in­
terval le ngths by generating measured
tones is what this fancy code osci llator
docs. When keyed , a tone stays on for
a measured time interval. If you don 't
hold the key long eno ugh, the do t/dash
you se nd wiII e nd too soon. If you ho ld

particularly when I hear amateurs say
that " music ians have the edge whe n it

comes. to learn ing CW: ' If they do. I
bel ie ve I can ta ke the mystery OUI of
it. The "edge" can he summarized by

these three words: practice. patience .
perseverance !

There , is a "rhy thm to the code," it is
said . In a ma nner of speaking. rhythm
could he likened to the mi rror image of
timing: a t ime fed, which is akin to
rhythm. The metronome is a mec hani­
cal device that cou ld be thought of as a
"time mark generator" used by musi­
cians. It genera tes cl icks (or pulses).
signals if you will . The pulses/cl icks
are used to help in the devel opment of
a sense of rhythm because they occur
on an accurate, regular basis.

A time sense. or time fee l, is very
important in playing music . It is equally
importa nt in se nd ing C Wo In music.
some notes are long. (jus t as there is
slow C W). and some notes are short ­
for instance , C W se nt at 50 words per
minute or more has a lot o f sho rt
notes! So how much of a difference is
there between a long no te (dash ) a nd a
sho rt no te (dot), at any g ive n speed?
How do yo u learn to se nd/play the par­
tic ular CW (do t, dash jchnracter/note
for the co rrect lengt h o f t ime. init ially.
and consistent ly thereafter'!

Music teachers say that "a quarte r
note ge ts one pulse" (some teachers
also say beat instead of pulse). W hat
thi s means is that yo u start a note, and
yo u ho ld that note for a measu red in­
terval o f time. and yo u re lease. W hen
practicing with the metronome. yo u
start the no te simultaneo usly with the
first click. and hold the no te till the
second click occurs. and simultaneously
re lease the note with the second cl ick
(golly, that's a lot like sendi ng a dot in
CWo isn' t it?). Sta rt the note with the
first pulse . hold it. and re lease with the
second pulse! Simple, isn ' t it? That
no te (t ime in terval value-wise) is a
quarter note . A half note is twice as
long as a q uarter note . Yo u start the
note with the firs t click of the metro­
nome. and hold it ti ll the second click
occurs. and continue to hold it till the
third click occurs, and si multaneous ly
release (see the timi ng diagram). The
note that is held tw ice as long as the
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Fig. 1. Function block diagram.

the key too long, the dot/dash will end This fancy code oscillator is more
in the correct amount of time, and pos- than just another "pretty face." For in-
sibly the next dol/dash will start. You stance, it can be used for both full and
could say that this is dissecting CW, semi-automatic keying. It has a provi-
and looking at it under a microscope. I sian for ri ght-left-hand keying, squeeze!
guess it is; however, this is done with ahe rnate keying . It a lso incorporates
the eventual goal of acquiring good an RF keying monitor, with an LED
CW sending techn ique. An important indicator.
thing In operating CW. do n't you II can be used as a tutor to he lp in
think? This eode osc illator gene rates learni ng to use a "bug" or "straight
the tone between the "time mark" clicks. key. " T he key ing speed can be adjusted
and in this way helps you deve lop a from below 5 wpm to over 50 wpm. It
sense ofCW rhythm. can key any transmitte r. The right-!
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Fig. 2. Power supp ly connections.
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left-hand switch was added thanks to
my oid Air Force buddy Dan Coy le of
Dayton , Ohio. Dan is a lcftie. He pointed
out that the original \vas for the exclusive
use of right -handed folks, so a right-lett
switch was include d.

Using this CPO "forces" you to be
CW-honest! Because the dots and
dashes arc not self..com pleti ng, you
can' t speed up or slow down , or short­
change the time length of eithe r dot or
dash. You send good CWo That's why
this Cw-transmiui ng-un or is similar
to a music teacher, insisti ng that you
do it right, and sco lding you for "play­
ing those quarter notes too short," or
"rushing the whole notes."

The bare-bones c ircuit of thi s de vice
fi rst appeared in the Tab Book entit led
New lC FET Principles and Proj ects,
by Sessions and Tu ite , copyright 1972,
as project 14, "Integrated-circuit Keyer,'
on pg. 124 . In the early ' 90s. I d id a
revamp and used diffe rent ICs because
it made it possible to obtain all the
part" at Radi o Shack. The revamp was
publi shed in Radio FUll magazine in
the early nineties. Only two of the four
sections of the 40 11 were used for the
c loc k oscillator. It seemed a waste not
to use the two other sections for a
sidc rone oscillator. Well, once we have
a dedicated sideronc osci llator, wh y
not devise a way to use a straight key?
The sidctonc cou ld then he used as an
old-fas hio ned code practi ce osci llator.
Wh ile using the uni t, it became obvi­
ous that the straight key option could
also be used as a transrn iu cr tun c
fun ction. W hy stop with a straight key
option - why not have the sidctonc
incorporated as part of an RF mon itor
as we ll?

One day, while reading the mail on
two mete rs, I heard the lament tha t " it
wo uld be nice to have a Vibroplex bug,
but it takes practi ce in order 10 learn
how to use those thin gs ," We ll wi th
the tun e provision , and an e lectronic
(double) key such as a Nye or Bencher '
or similar, this C PO can function as an
electro nic bug. You ha ve (electronics­
generated) automatic dots on one side,
and manual dashes on the othe r side .
You can slow the speed to a comfort­
able rate , se t the switch to the TUNE!
SEMI AUTO position, and lise this



C PO as a practi ce Vibrop lex bug .
Making the transition. then. to " the
real thi ng:' will be a lot easier.

Not only thai. but the reverse is pos­
sible. The sidetone can be accessed. so
that you can plug in the Vibroplex bug
and you can practice , making fo r an
easier elec tronic-to-the-real-thing bug
transition. If you arc completely new
10 amateur rad io, plug in a straight,
and the device can be used the same as
an o ld-fashioned code oscilla tor. In­
cluded on the RF monitor side is an
LED indicator. If you have a heari ng
defect - "are tone deaf' is how some
describe it - the LED allows for vi­
sual CWoOther than egg in your beer. I
can' t thi nk of anything else you can
ask for.

the pull-up voltage provided by R16 as
well as R I9 (in the schematic). The
pull-up voltage is necessary to ensure
thai the -W13 is he ld OFF at pin I
when the key is opened.

Al so. in generati ng a dash. the out­
put of the firs t ha lf of the 40 13 is pins
2. 5. The output at pins 2, 5 is the same
divided-by-two clock signal that is
output at pin I, only it' s inverted. The
pins 2. 5 signal serves as a "clock" for
the second half of the 40 13 FF· B.
Again. this "clock" signal is divided
by two by the second F-F B (as in
timing diag . C).

The output of the second 401 3 FF·B
is fed 10 the diode OR ga te; however.
un like the generated "DOT' as de­
scribed above. that ' s o nly two thirds

of the DAS H signal and there is no
automatic output. There is no output.
because a DASH can only be generated
if both A=-A and FF-B are "turned on."
FF-B is turned on by closi ng the dash
key. shorting pin 4 of the 40 13 to
gro und. which removes the pull-up
voltage from pi n JO of FF-B . Both FF­
A and FF-B are turned on by closi ng
both keys at the same time, or through
the inclusion of diode D6 in the sche­
matic. and closing the DAS H side of
the key. Diode 0 6 can be switched in
and out of the c ircuit by 52. Th is en­
ables squeeze or alternate keyi ng to be
used.

In either case. the outputs of FF-A
and FF-B are combined in the diode
OR gate and produce a glorious

How it works

Reference the schematic. block dia­
gram. and signal flow diagram. The
heart of the CPO is the clock osc illator
ponion of Ie -WI I. Its speed is ad­
justed by Rl 2 in series with R 13. and
C8. Ri ot and R 15 are also pan of the
circuit that makes up the use r speed
control adjustment. R 15 is the front
panel use r control; R 14 is an internal
20-lum trimmer speed limit-set pot.
Refer to Fig, 1. 1/2 of the 401 1 gener­
ates a signal which is fed to pin 3. 1/2
of the 40 13 dual fl ip-flop (FF-A); the
clock signal is divided by two by the
fi rst hal f of the 40 13. The output. pin
I , of FF-A . is fed to the diode OR gate.
the IN9 14·s. (See signal flow diagram
also.)

The signal is impressed on point A
(of the schematic as well as signal flow
diagram). the base of Q6. which turns
Q6 on and off. Q6 is the relay drive r
transistor (a 2N2222) . Closi ng the dot
key results in shorting pin 4 of FF-A to
ground. resulting in the transmission
of a dot. However. here's where things
get more involved. with the operation
of the second FF. and what contribution
it makes.

The signal from the firs t half of the
-W13 FF-A serves as a clock for the
second half of the -1.0 13. When the key
is pressed on the dash side. pin 4 is
shorted to ground and pin 10 of the 40 13
is grounded through the diode 0 6.
Closing either dot or dash key removes
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TRA NSMllTED perfect dash ! The output transistor was required because
upper part o f Fig. I shows a selectable of the lack of output leve l o f the 401 l .
(through 54) RF detector. It a llows for The o n-o ff switch is moun ted on the
usuig the sidc tonc osc illa tor while vo lume control. The keying relay K
transmitt ing. or monitoring the signa l has a bypass (key click) capacitor
transmitted hy the truusmiuer. as part across it. Rel ay K is an 5 PST reed rc-
o f the C PO (as you can see , th is bad lay; this part icu lar unit is avai lable at
boy is more than just ano ther "code Radio Shack. Another reed re lay could
osc ill utor") because it can provide an be used; howe ver, the re lay wind ing
alternate means o f monitoring a trans- mu st be able to handle the co llec to r
mi tted signa l, other than the included curre nt o f Q6.
sidctone generator. C IO and D5 make up a relay driver

The sidctone oscillator is made up of dcco upli ng circui t. Q5 allo ws for di -
the other two of the four sectio ns of rcct key ing during semi-automatic 01'-
the 40 11. The clock and sidetonc oscil- e ration. When the key is closed, the
Iator have ex act ly the same circuit con-

forw ard bias is removed from Q5 ; the
fi guration, except that the resistor and

output goes high and the signa l is fed
capacitor values are different. The through steering diode D7 th rough
sidetone pitch is adjustable : the nomi-

switch to the base o f Q6 through cur-
nal frequency is 750 Hz. The output of

rent lim iting resistor 23 . DX and C 11
the side-lone oscillator is fe d to the

1'01111 a power supply decoupling circuit.
output transistor (speaker driver), di-
rect-couplcd. The sidetonc o utput tran- The power supply
sister is confi gured to "amplify" the
square wave o utput o f the sidcto nc os- T he project star ted out using a sing le
ciliator. The transistor functio ns as a 9V battery. However, adding the sidetone
pu lse ampli fier - this configuration oscillator made it absolutely necessary
was chosen because it would opera te to design into the unit decoupling provi-
well, with a minimum number of parts. sions for the V+ pins of the IC s. Without
at higher efficiency than a regular audio the parts used in the de-coupling net-
amplifi er. work, specifically the zener d iodes, rc-

That 's a lso the reason a transformer ally bad feedback occurs through the
is used in the speaker drive circ uit. The power supply. (See power supply.)
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Without the zencr di ode circuit. the
device opera tes like anyth ing but a
keyer. I initia lly tried the o ld standby, a
resistor/capaci tor de-coupling net­
work. which proved to be woefully in ­
adequate . O ne wall 5.1 volt I wall
zcncrs arc used; 1/2 watt zener di odes
proved to be too small ~ they could
not handl e the c urre n t swing - hut
the lurgc r-wauagc zcncrs draw much
more current. The c ircu it and compo­
nents shown in Fig. 2 worked a nd were
incorporated.

The de vice. o verall . draws more cur­
rent than I would [ike . Unfortunately, a
sing le 9V buttery will not last too long
(three or fou r 9 volt batteries could he
connected in parall el for longer operat ­
ing time ). AA or larger-size cells , si x
o f them wired in serie s. arc a good
ch oice . S ix C ce lls in series would he a
good c ho ice, too. T hey ha ve a good
energy-density 10 site ratio ; ho we ve r.
they arc large compared to AAs. but
they do last co nsiderably longer than
A A ce lls . A n AC battery swi tch is pro­
vided for batteries or a 9- volt "wall
wart" power pack ope ratio n. A good.
filtered. DC wall wart (a bout XOO m A l
sho uld do it.

How do we use this thing:'!

To start, se t the switches for full au­
tcmatic. and in ternal sidctonc. Use any
full autom atic ke y. For that matter. you
can probably make some sort of key
lash-up using rnicros witc.hcs , if you
ha ve no key - or eve n two brass s trips
wired to act as dOLdash keys will get
you started. Set the righ t-deft-hand
switc h to send e ither dots or das hes
when the "finge r p resses" that side o f
the key. In other words, vou want to. -
usc the full au tomatic key as a sing le
strai ght key one half at a lime to have
immediate access to ei ther dot or dash
contro l. Set the unit so that the fi ngers
side is used in send ing dots. The
thumb controls dash tra nsm ission. A
straight key alone can be used; how­
ever, a stereo p lug must be incorpo­
rated and wired appropri atel y, and then
you have to sw itch the righ t-left switch
back and forth for the appropriate dot
or dash side .

Here is the meat and po tatoes of th is
CW smorgas bord.



I . Start at a slow speed a nd do do ts
only - a few mistakes are acceptable
- and practice! Stick wi th sending
dots until you fcc l as though you could
stay with the machine forever. How long
this takes depends on the individual;
everybody is different.

2. The n slow down the speed a little,
and stay with the machine, etc .

3 . Next, slow down a bit more. The
reason 10 slow is to hum in a T IME IN­
TERVAL FEELING ! Reme mber, we
are looking at di ssected CW under a
nucrosco pe.

4 . Finally, the day arrives whe n you
are ready to pick up speed. Increase your
speed to something comfortable, where
you just. just, sta rt mak ing mistakes;
then practice some more .

5. Return to the slower speeds and
practice slow-speed CW to retain what
you established in the first four steps.

When you have that down. practice
the dash next, the same way, and fol ­
lowing steps 1 through 5. Wann up
each day by starting at the slower
speeds. When you have mastered the
above for I and T, you have established
a CW foundatio n. Nex t combine dot
dash, or dash dot , it doesn 't matter
which, and practice A or N at a com­
fortable speed and . of course, fo llow
ste ps I through 5. a nd that's the basic
routine . Follow with the leiters M , I, S,

O. etc .
Keep in mind. and it's important

enough to warrant repealing. that we're
working to develop a timing sense. I
guess it could be called C W rhythm.
As slated before. it takes practice,
perseverance. and patience.

The patience, fo r most. is to have pa­
tience with yourself. Boredom is fo r
chi ldren . Tal k about boring, if I had a
nickel for every time I practiced a ma­
jor scale. I'd be as rich as Bi ll Gales;
well, maybe no t quirc. O nce you have
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played a major scale there is nothing
more to learn. intellectually; howe ver,
practicing scales on any musical instru­
ment is vital if you want to play well.
Boring'? Go to agony and tum left! As
you persevere and sec the positive effec t
on your performance. it gets easier over­
all. The motor skill learning period gets
shorter, and your CW sending ge ts
better; and the speed takes care of itself

As for the "CW is useless" crowd, I
don', care how many new high tech
commu nications gadgets come on the
scene, CW is like oars (oars have been
around even longer than CW, rn bel)
that you take a long in a "row boat" that
has an outboard motor hung on its
stem. T hose oars (you do take them
along, don't you ?) just might come in
handy if the motor conks out .
16 73 Amateur Radio Today. April 2003

But. but. oars arc so slow. so low tech.
CWolike the oars, may come in handy at
some point in time , too, even though
you have the latest microprocessor-con­
trolled boat motor.

The ops who like CW li nd CW
handy anytime. I have for years bee n
using the essence of the above outlined
method, in order to learn to play what
at the time were rather difficu lt pas­
sages in a musical composition. The
method works for music. Sending CW
is nowhere ncar as invo lved as playing
music! ! Be patient with yourself. Prac­
tice the above method on a regular ba­
sis. And persevere , "stay with it." Who
knows, in time you might eve n get the
urge to learn to play the bas s fiddle ­
well, it worked the other way around
for me!

Musicians have " the edge" in learn­
ing C Wo There's nothing special that
musicians have that makes it easy for
them to learn CW - they just know
how to practice! Playing music is a
motor skill. " Playing" CW is a "motor
ski ll," too, but much less involved.
and orders of magnitude simpler than
playing music .

Construction o f this project is
straigh tforward. for the most part. I
used pcrfboard because I had the right­
size piece on hand. I like using sockets
for transistors as we ll as ICs on
pcrfboard. or on a PC board . Compo­
nent layout is in general, not cri tical.
The only th ing that I found to be cri ti­
cal is the RF monitor c ircuit layout.
Originally I constructed the monitor on
the main circuit board ; that necessitated
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the component pan s pieces to be too
close. I found that there was stray elec­
tromagnetic coupling between transis­
tors that rendered the detector circuit
useless. Howe ver. the RF monitor cir­
cuit could be made close-spaced if
proper shielding were used ; also, that
would make for a compact project. It 's
possi ble to build the RF monitor and
sidctone circuit only, to be used as a
standalone transmitter mon itor. I
found that the RF circuit transistors
have to be separated at least one inch;
otherwise. there is really bad, stray
coupling. There is a serious interaction
between transistors.

How the RF section works: An RF
signal is fed from the pickup antenna
through the RF sensitivity control,
through C I , and is developed across

R2. QI behaves as an RF detector, and
its output is fi ltered through the induc­
tor L along with C3 . R4, and C4. The
filter section components arc what fa­
cilitate broadband operation. i.e., I MHz
to about 50 MHL. Q2 is a leve l shift
amplifier and supplies a DC signal to
gate the 40 11 sidetone oscillator por­
tion through the resistor R8. The DC
output from Q2 is fed directly to Q3
through current limi ting resistor R7.
R5 and R6 form a voltage di vider,
which reduces the DC gale voltage to a
safe value for the sidetone gate input
pin I.

I used a Radio Shack project box to
house this beast ie. which measures 5·
3/4 by 5-1/4 by 2-3/4. Any other metal
project box could be used ; I don't
th ink I' d usc an ABS plastic box ,

howevcr, The layout for the most part
is not critical. but it's best to keep the
leads to the front panel controls as
short and direct as possible.

The speaker. which I mounted on the
fron t pane l, could have bee n mounted
on the side. Ventilation slots are cut
into the cover, and it wou ld not he nec­
essary to cut a big hole in the front
pane l (isn' t hindsight wonderful"). Not
only that, it would also gi ve more
room to spread out the user controls.
The back panel has the moni tor pickup
antenna connector (a BNC was used
because it was lying on the workbench
at the time) mounted on it. as well as
the RF sensitivity control. Coaxial
cable, in this instance, was not needed
because of the short leads involved.
There's no reason why the RF sensitivity
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CW Practice Lesson

Reasons Why the English Language is Hard to Learn (Author unknown)

I) The bandage was wound around the wound.
2) The farm was used to produce produce.
3) The dump was so full that it had to refuse more refuse.
4) We must polish the Polish fu rniture.
5) He could lead if he would get the lead out.
6) The soldier decided to desert his dessert in the desert.
7) Since there is no time like the present. he though t it was time to present the

present.
8) A bass was painted on the head of the bass drum.
9) When shot at, the dove dove into the bushes.
10) I did not object to the object.
11) The insurance was invalid for the in valid.
12) There was a row among the oarsmen about how to row.
13) They were too close to the door to close it.
14) The huck does funny things when the docs are present.
15) A seamstress and a sewer fell down into a sewer line.
16) To help with planting, the farmer taught his sow to sow.
17) The wi no was too strong to wind the sail.
18) After a number of injections my jaw got numhcr.
19) Upon seeing the tear in the painting I shed a tear.
20) I had to subject the subject to a series of tests.
2 1) How can I intimate this to my most intimate friend'!

control could n' t be mounted on the
front panel. Of course , if it was , coax
cable wiring is adv ised . If AA batteries
arc used for the power source, a deeper
enclosure would he a good idea be­
cause then a battery holder for six AA

batteries could be mounted on the back
panel.

Also included in this article is a code
practice lesson to help make CW a
little bit easier to take. You know that
spoonful of sugar theory !!

A word about the graphics. The tim­
ing diagram shows the output of the
clock oscillator and how it is divided
by the first F-F. the output of which
generates a oat stra ight away. How the
inverter output of the first F·F behaves
as a "cl ock" signal for the second flip­
fl op. The second F-F divides hy two,
and its signal is combined with the
first F-F. the combinat ion of which
forms a dash. The signal now shows
this from another prospective. The
function block illustrates how each
major system interconnects, and the
function of each.

In conc lusion, all in all, this is an
easy project tha t can be used by sea­
soned and beginning amateur radio op­
erators alike. Unlike code osci llators
of the past , this one keeps on going,
and going and going! If there is
enough interest , I could be persuaded
to put together a kit of parts sans en­
closure and pots. If there is a rea lly
strong demand, a wired circu it hoard
could be made available. I sincere ly
hope you find that this project helps
your overall CW skill in the manner
intended . Here's to a good fi st and im­
proved CW operating among the ama­
tcur ranks. I hope this ge nerates
enough curiosity among the CW­
oughta-bc-u-band crowd that we get a
few convert s . 73 and God bless,
K8M KB.

FIt:. 5. SIgnal flo w diagram.
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' , rt Descript ion part Description., 51< 11'N1 pol C, -<>O 0.002 IlF

., ." C, 0_047~

'" ,.. ce. C10, ell 10 ,.F eledro.. .,'" cr 2.2 I'F anal eleclro

AS, A8 , 000< C, 0.001 jIF , k\l ceramic~

"' ,... C, 100 pF SO V cetamic disc

, A7. All. RIg ,,.. C" 22 I'F radial electro

., 10k roT mmmer, lop aq lJSl ". Red LED

." ,.. ",-09 lN91.

.u "" 0 9. 01 0 5.6 V 112W zener

"" 10k 112W audio taper POI, wIth SPST Q1, 03, 0 4, 05 2N3904

." 4.7M 0' 2N3905

R14, Rll, Rl8. R28 '" oe 2N2222

... 500k l !?oN knee , IapBI panel ml. pol 'C' 4011 (ose. timingld odl) quad lw<>-
Input NAN D gale

t ." "" '" 'C, 4013f.F.

f .., "'" " 1/....-.en $le~ type

R22 •.'" .ra l /-t-inc:tl songIe cirQIIiI type

"" '" 5 1,53,55 DPOT mirlial\n

R2",R25 820 l /'ZW ....f9'/IIlOl6ld 92 SPST_...

." 330< " SPOTminiature

." SOOk lOT trinmer. 1OP adjust se 0n-0tI pall 01 ~ol. control

SCrews. nub. Iockwashel$, knobs,

." 1.5M cme- stalldofls, penligtll battery nosoer
(foIlIi ~ batteries). enclosure, etc.

Note.: All ,n letora 114W unless otherwise &pe(:lfled. A ll capacitors 16 II UI11es8 otherwise specllled, Output
tra nsformer end apeake•• available at Radio Sha.:k.

Table I. Parts list.

/ '11010 A . A right fancy CPO.
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