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The Model 12 was eventually replaced by the Model 15&19
Teletype. Here is a photo of an operator using a Model 15 in
our ham shack in 1963... note key for Morse ID. We've
always had nice operators.
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TELETYPE-

RITY FOR THE BEGINNER

The purpose of this handbook is to
acquaint someone new to RITY [Radio
TeleType) with the fundamentals oF
teleprinter operation and the appli-
cation of teleprinters te transmis-
sion and reception by means of radlo.

The material is divided intoe four
general categories:

1} Teleprinters, 2} Receiving, 3)
Transmitting, and 4} "Advanced" Gere-
ral Topics.

The approach is to begin with the
assumption that the reader has zero
knowledge about teleprinters and
slowly build to the point where it
is pessible to connect a teleprinter
to M"talk to itself; probably the
most difficult step for a beginner
is getting a teleprinter operating
on a local loop {actually, it is
quite easy to do , but, conceptually,
it is a big step). The biggest mis-
take made by 2 beginner 1s to try to
do teo much at once without an under-
standing of the individual components
and their functions,

Once the machine is properly opera—
ting in a local loop "talking to it-
self™ as it were - it is then perais-
sible to move to receiving signals
Woff the airM: this is a relatively
easy step. The final step is trans-
mitting; this last step can be either
very easy or quite difficult depend-
ing on the mode of transmission de-
sired - FSK or AFSK- and the specific
method of implementation.

Whenever pessible, the "why" is ex-
plained before the "how". Understand-
ing why something is done a particu-
lar way always helps one to undee-
stand how to do it {and how te do it
better). Sometimes things are dane
in what appears to be a completely
illvgical manner (such as having loop
current Flowing when "nothing" is be-
ing transmitted}; such Yillogical"
procedures generally have an histeri-
tal {seemingly hysterical?) reason
once the historical perspective is
gained, the M"illogical®
superbly logical,

becones

THE TELEGRAPH

It will be an aid tu wnderstanding
why present day Tcletype equipment
works the way it does if some perti-
nent historical facts are discussed.

The telegraph was invented and in
widespread use Dbefore the Teletype.
The biggest problens with the tele-
graph arefwere the relatively slou
speed of operation and the necessity
for highly trained operaters at each
end. The Teletype was invented Ffor
the purposes of increasing the speed
of operation and using operators with
less skill, Because the telegraph was
in widespread use when the Teletype
vame along, much of the then existing
terminology and circuit features were
incorperated into the Teletype. 1In
fact, the term "Teletype" is a rela-
tively new term and is copyrighted.
The most commonly used term for Tele-
type was '"printing telegraph", and
it is still common to refer to Tele-
type equipment and circuits as "tele-
graph" equipment and circuits. The
circuits wused for wirinmg telegraph
and Teletype differ only in the e-
quipment used at the ands.

If we examine a simple telegraph
circuit and the "code" used with a
hand keyed telegraph circuit, certain
similarites and some gross differ-
ences between hand keyed and printing

_telegraEhz will become apparent.

fi SIHPTE TELEGRAPH CIRCUIT

Figure 1| shows 2 simple hand keyed
telegraph circuit. Whenever the key
at the sending end is depressed, cur-
rent flows over the loop or line,thru
the sounder, and back te the sending
end thru the Earth. The sounder is
a simple devise having the appearance
of a relay without contacts. Whenever
current flows in the sounder magnets,
the armature un the sounder is at-
tracted by the magnets, and as the
armature strikes the stop it pakes
a click or a "scund".
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{ The code used on wire-line tele-
yraphy, the Morse code, and the code
used by radic amateurs for CW ovpera-
tions are not the same code, although
they are similar, The wire-line Morse
code uses clicks of the receiving
soundar while the radio code wuses
bursts of tone.)

One of the objections to telegraphy
as just described is the necessity
for an operator to be present at the
receiving end to listen te the sound-
er and write down what was sent as
it was being sent. One solution teo
this problem was to have some type
of device at the receiving end teo
make marks on a moving strip of paper
in order to automatically receive a
message when no receiving operatur
was present. The "automatic recorder”
consisted of a simple arrangement
containing a pen fastened to the ar-
mature of a medified sounder. When-
ever the key at the sending end was
depressed, the armeture on the "medi-
fied" sounder would move placing the
pen in contact with the moving paper
and 2 mark was made upon the paper.
When the sending key was opened, nao
current flowed, the armature on the
"spunder" was released, and the pen
was withdrawn from the paper thus
making a "ma mark" or a space. Be-
cause of this mode of operation the
term "mark® has been used to mean the
presence of current in a telegragh
tircuit be it hand keyed or cletype,
No current in the <circuit was, of
course, called a M"space”. (Inciden-
tally, the recorded message consisted
of a series of "dots" and "dashes"
on the paper, and someone who knew
the code was required te read the
message. )

{The actual order was the reverse
of that given here. The original
teleqraph used the "automatic record-
er! which gave a series of marks and
spaces on the strip of paper. Someone
who knew the code had to read the
"recorded" message. As time went on,
those who read the message From the
paper strip found that they ceuld
"read" the message as 1t was received
by listening to the clicks of the
"recorder- hence, the recorder was
dropped and a simple sounder was sub—
stituted.}

Before continuing with a description



of hand-keyed telegraph circuits, it
will be shown how a Teletype machine
fits into the scheme of things.

THE TELEPRINTER

A discussion of a teleprinter re-
quires a separate, detailed descrip-
tian Ffor each model. However, such
2 description would, at this point,
only serve to tonfuse the issue,There
fore, we will take an almost over-
simplified approach in order to dis-
cuss what " the device
does without burdening the reader
with the "how" details. Scme poking
and peering intw the innards of a
teleprinter should answer a lot of
questions once the "what is it sup-
posed to do?" is answered.

There is a great similarity in out-
Ward appearance between a teleprinter
and a typewriter.
things in common between these two
devices, but the similarity soon ends
when the innards are examined. In a
typewriter, there is a more-or-less
direct connection between each key
on the keyboard and the type bar in
the typebasket. When a key is depres-
sed, the corresponding type bar is
actuated,

An inspection of a teleprinter will
reveal that for all practical pur-
poses, 2 fteleprinter is twe separate
machines having in common only the
moter, the base, and the cover. One
of the "machines", called the Mkey-
board" or the ‘"keyboard-base', is
composed of the keys and some device
for translating the characters on
each key inte an electrical signal.
The translation 1is done, commonly,
by means of a mechanical arrangement
that "tells" the distributor which
key has been depressed. The distribu-
tor is, in effect, nothing more than
a set of centacts operated by a no-
tor, The contacts open and close at
a fixed rate dependent upon the
Tspeed" of operation (which is deter-
mined by the motor speed), and in a
pattern depending upon the character
or letter being sent. The distributor
simply replaces the telegraph key in

There are some

the circult shown in Figure 1, as
shown in Figure 2.
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The keyboard essentially replaces
the telegraph key, but in addition,
the “code" to be used is Ustored"
in the keyboard rather than in the
operator's head. For example, when
a manual-telegraph operator wants
to send the letter "R'", he, nmust
translate "R" into a code combination
of dots, dashes, and spaces and then
operate the telegraph key in that
code sequenge. When using a teleprin-
ter, the operatur only has to know
where the "R"™ key is located. He then
depresses the “R" key and the tele—
printer takes over from there; it
translates "R" into the code corre-
sponding to that letter and opens
and closes the contacts cerresponding
to that code. (Incidentally, lest
the reader be misled, the code used
for hand keyed telegraphy and the
code used for Teletype are not the
same. This will be discussed later,}

The Mother machine" under the cover
is a decoding and printing mechanisn.
It is driven by a motor and operated
by means of an electrical signal ap-
plied to the windings of a magnet.
This magnet simply replaces the soun-
der in a manual circuit. The nagnet

operates, mechanically, a device
known as a selector that translates
or "decodes" the incoming signal and
determines what letter eor character
is to be printed, Therefore, in ef-
fect, the printer receives the code,
decodes it, and prints the correspon-
ding character automatically, whereas
with a manual system an operator is
required tc receive, decode (men-
tally), and write the character.

Again, it should be stressed that
a teleprinter is essentially two in-
dependent devices. In Ffact, it is
possible to "split" the machine and
send something from the keyboard
while receiving something else on the
printer. (Of course, it is also pos-
sible to have the twe portiens con-
nected and have the printer print
something other than what is being
"typed" on the keyboard: this 1is
known as "trouble",}

Thus far we have a great similarity
between manual and "printing" tele-
graphy. There is one major difference
however: The code that is used.

THE CQODE

Perhaps a little insight inte why
the teleprinter cede is the way it
is, or least why it is not the same
code that is wused for manual tele-
grphy can be obtained as follows.

Figure 3 (a) shous twe manval tele-
graph characters and Figure 3 (b)
shows what they would look like when
viewed on an oscilloscope where cur-
rent flowing corresponds to a mark!
and no current
to a'"space".
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The code used For hand keyed tele-
graphy is a rather ingenious combina-
tion of short and lomy "marks" and
"spaces"., The long marks are called
dashes and the shert marks dots.Short
spaces are used between the marks
within a single character, nedium-
length spaces are used between char-
acters (letters), and long spaces be-
tween words. Also, the coede 1s set
up in such a way that the more fra-
quently used letters are composed of
relatively short combirations of
marks and spaces (the letter £ is
just one short mark) while the infre-
quently used characters are composed
of many long and short spaces {the
letter 3 is composed of one long mark
one short space, one long mark, one
short space, one short mark, one
short space and one long mark; no
wonder it was so hard to get that CH

speed up!)

This code used For hand keyed tele-
graphy is suitable for operation by
a person when sending to a person,
but if it were to be used between tweo
machines a major problem would start.
As mentianed, the hand keyed charac-
ters are compesed of many different
length marks and
spaces and the overall character
length (the time to send a complete
letter) wvaries greatly from letter

to letter: for example, the letter
"Q" requires 13 times as long to send
as does the letter VEM. This
able character

combinations of

vari-
length is a desired
{or at least a not undesirable) sit-
uation when people are deing the op-
erating, but think of the problen in
devising a machine to do this! The
sending "machine" would be relatively
easy to construct, but the receiving
"machine would be something else.
Why? Mechanical devices inherently
are easiest to construct and work
best when a constant, fixed length
of time is required for the machine
to so something. Feeding a mechanical
thing a source of information that
may vary over a 13:1 range (actually
more if the digit 0 is considered)
and then expecting it to digest that
and always give a single response
{operating one type bar) is a bit
nuch! Therefore, the answer wasfis
a completely different type of code

that always uses the same length of
time to send a character regardless
of the particular being
sent.

A c¢ode that always uses the same
length of time to send a character
regardless of the character is the
Murray code {the code used by tele-
printers.} It consists of five ewven

character

iengtﬁ data bits {mark or space), and
always five, regardless of the char-
acter. Because every character is al-
ways compased of five marks and/or
spaces of even length it is "patural-
ly" suited to operation fromfto a
mechanical device. Because there are
five portions to the signal, there
are only 32 characters posibble.
{2X2%2%2K2 equal 32.) This explains
why a teleprinter has only 32 keys
and why the arrangement of keys has
to be somewhat different from that
of a typewriter.

THE MURRAY CODE

Defore commencing with the Murray
code, let's review what was just dis-
cussed. In the case of manual tele-
graphy, the person who is sending
translates the letters to be sent in-
to a code which he sends by opening
and closing a circult wWwith a tele-
graph key, The person receiving re-
ceives the message by listening to
the sounder which makes a click every
time the gircuit is opened and closed
by the telegraph key at the sending
end. The "receiver" (the person re-
ceiving] translates the series of
clicks inte letters and writes them
dewn. The basic objections to this
system are the slow speed and the re-
quirement far a skilled operator to
be present at each end of the cir-
cuit,

In the case of printing telegraphy
(Teletype}, the person sending de-
presses a key on the keyboard corres-
ponding teo the letter to be sent;
this letter is mechanically translat-
ed inte the opening and closing of
contacts, These contacts replace the
telegraph key. At the receiving end,
a magnet operates and releases an
armature in response teo the contacts
at the sending end, and the armature,
in turn operates a selecter which

translates the openings and closures
into the letter that was being sent.

The discussion ended with the con-
cept that a different code than the
one used with manual telegraphy was
needed for use with teleprinters
because a teleprinter, being a mecha-
nical device, requires a code of
uniform length regardless of the
character being sent.

Bll  printing telegraphy, until
recently, used the five element Mur-
ray code. Although comnonly called
the Baudot code, the code actually
used by Amateurs, by law, is the
CCITT International Telegraph Alpha-
bet #2 which is the Murray code, For
further details see; RTTY JOURNAL
November 1974 page 12-13, or PRINCI
PALS OF TELEGRAPHY (Teletypewriter),
NAVSHIPS 0967-255-0010, 5.D0. Cataleg
No, D218.8: T123. {Amateurs are still
required to use it by law, but com-
nercially it 1is rapidly beconing
extinct.) The code is given in Table
1. Each row lists a separate charac-
ter {or pair of characters) and each
column corresponds to a "timeslot!
or a "bit"., The M in a particular
location indicates that a mark is
sent at that time and an § indicates
a space,

In most cases, there are twe char-
acters corresponding to each row.This
is necessary because there are only
32 code combinations available in
a five element code. However, there
are more than 32 characters that
ene would like to send. Therefore,
most of the code combinations have
to be used for two things. {(What the
twe charatters are may vary greatly
from machine to machine. This will
be discussed later.) As an example,
the first row lists "A" and "-M,
Which is meant when the combination
MNSSS 1s sent?

The answer is relatively simple.
Why on a typewriter do some of the

keys have just one character and
some have more than one? For example,
the 7" key also has "E". The answer,
when considering a typewriter, is
to keep the number of keys to a mini-
omum. The answer, wWhen considering
a teleprinter, is that only 32 keys
are pernitted. The next questian
is: How do you tell a typewriter

3



whether it is to print a "7" or an
ngn? By shifting. There is 2 subtle
point here. On a typewriter there are
two %inds of shifts: 1) Locking, and
2) Non-Locking. On a teleprinter
there is only one type: Locking, The

shifting is done by hitting the FIGS
or LTRS keys. When the LIRS key is
depressed, the receiving machine per-
Dstunt™ rather tham typing
something: this stunt locks the prin-
ter in the necessary position to

Forms a

print the letters and characters
appearing on the lower portiens of
the keys or the letters and charac-

ters appearing on the left side of
the left column in Table 1.

When the FIGS key is depressed, the
code sent from the keyboard is trans-
lated by the receiving machine to
shift and lock into the position that
will type what is on the upper par-
tion of the keytocps or what is shoun
in the right side of the left column
in Table 1. Once the receiving print-
er 1s 1n FIGS it will remain there
forever or until a LTRS is received,
{Seme printers are equipped with a
'down-shift on space" arrangement
whereby they shift to LTRS when LTRS
or a character space is received.

This is done for certain practical
reasons that will be described la-
ter.)

THE ALPHABET

The FCC states in paragraph $7.69
{a) of the Rules and Regulations: "A
éingfe ¢channel five-unit (start-stop)
teleprinter code shall be used which
shall correspoend to the International
Telegraphic Alphabet No.2 with re-
spect to all letters and numerals
(including the slant sign or fraction
bar) but special signals may be em-
ployed for the remote contreol of re-
caiving printers, or for other pur-
poses, in "figures" positions not
utilized for numerals, In geaeral,
this code shall conform as nearly as
possible to the teleprinter code or
eodes in common commercial usage in
the United States." Table 1 gives the
LCIT Alphabet No. 2
bove.

The arrangement of most of the
characters other than the letters and
numerals varies greatly from machine

referred to a-

to machine. The reason is that dif-
ferent users have different require-
ments. Ten of the "standard" codes
can be found on page 845 of REFERENCE
DATA FOR RADID ENGENEERS,tth edition,
ITET, 1856.

THE CODE ELEMENTS

Let's examine the meaning of the
M's and 5's in Table 1. Take, for ex-
ample, the row in Table 1 correspond-
ing to the letter "Y'. Going across
the row from left to right, the let—
ters MSHSM appear. This means that
when the "Y" key on a keyboard is de-
pressed, the keyboard sends a mark,
a space, a mark, a space and a amark
in that order. It sends them by clos-
ing, opening, clesing, opening and
closing the keyboard contacts. If an
oscillascope placed in series
with the tcontacts, a pattern as shown
in Figure 1 would appear.

Now look at the "A" row. The let-
ters HM555 appear. This means that
the letter "A" is sent by sending a
mark, a mark, a space, a space and
a space. The pattern appearing on an
vscilloscope would he shown in Figure
2. This way appear simple enough, but
a2 little reflection may reveal two
problems: 1) How does the receiving
machine know when the first mark ends

were

and the second begins. and 2} When
does the first mark begin? The an-
swer to both these questions have
some subtle implicaticns.
TABLE 1
INTERNATIONAL TELEGRAFHIC
ALPHABET NO.Z
CHARACTER TIME SLOTS
1 Z 3 4 5
k- M M S5 5 3
B 7 M s § n A
¢ S M K M S
0 Who RU A S5 S MW 3
E 3 ¥ § § § 5
F M s M L} S
G 5 M 5 M M
H 5 5§ K 5 M
18 § ® W 5 3
J Bell B M 5 MW 3
K { LI
L) § ¥ 5 5 K
M. 5 5 # K M
N, 5 M B8
¢ 8 s § & # M

L B L = |
X I =M

- o X e o = D O
L4

Fd
Line feed
Carriage Ret
LTRS

FIGS

Space

Blank

.
L E XS E T R X UTE VR L RV
W LT E WM LR R NET X WMELLEE W
Wl IR RE YL UM E WL LT DWW
LR E X WL EE 2T RETONHLETZT L

P B RV R LCILOWLWE E R DL

*

*

Ir order to answer the first ques-
tion, let's ask ansther question:
When you copy a CW signal how do you
know the difference between a dot znd
a dash? A dash is three times as long
as a dot. You use a "mental clock"
when receiving CW; you can tell
whether they are dots or dashes by
how long they last,

The receiving mechanism in a tele-
printer also empleys a “ecleck" or
timing mechanism, The machine "knouws"
how long a mark is suppesed to be.
If a mark lasts "too long" it must
be another mark!

The timing sitvation with printing
telegraphy is more severe than it is
with CH. When receiving C¥ you only
have to be able to tell the differ-
ence between marks that differ in
length by ratiec of 3 to 1. By look-
ing at Table 1 it can be seen that
the characters E, A, U, K, and LIRS
contain 1, 2, 3, 4, and 5 successive
marks, respectively; the receiving
teleprinter must be able to "time"
with encugh precision to distinguish
between these five characters. The
receiving machine can perform this
feat only by running at exactly the
same speed as the keyboard on the
sending machine.

The same discussion regarding suc—
cessive marks can be applied to suc-
cessive spaces, hgain, the answer is
that the receiving machine must run
at the same speed as the transmitting
machine in order to accurately time
the signal and thus correctly decode
it.
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In Amateur telegraphy, the length
of a "time slot" {a single mark or
a single space} is 22 ms {0.022 se-
conds). for example, in the oscillas-

cope pattern in Figure 1 each mark

and each space is exactly 22 ms long.
In the pattern shown in Figure 2, the
mark is &4 ms (2 x 22) leng and the
space is 66 ms {3 x 22} long.

Now to question 2. On a letter that
starts with a mark, such as "A", what
comes before the mark? An obvious an-
swer, if we consider CW, is: A space.
Therefore, we could say: If a space
exists before a character, the begin-
ning of any character is indicated
by the transition from a space to a
mark. FRight? Well, try this: What
does Table 1 give as the code for
NCMT SHHMS. Now, if the beginning of
a character is indicated by the start
of a mark, when does the letter "C¢
begin? The answer to this paradox is
that something must be sent before
every character in order to tell the
receiving machine that a character
is coming. Before describing how this
is done, a "peculiarity" of printing
telegraphy must be described. There-
fore, we will walt until Part 3 for
the description. We will say, how-
ever, that beth & mark and a space
must preceed a character.
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SUMMARY

The five—element Murray code was
deseribed, In order to obtain nore
than 32 characters 1t 1s necessary
to use some code combinations for
more than one character. This is dene
in 2 manner analogous to that em-
ployed on a typewriter, by shifting

the machine, Most of the keys are
used for twe separate characters. The
shifting is done by means of the LTRS
and FIGS keys.

Because the recetving machine must
itime" the incoming signal in order
to decode it, the two machines must
run at exactly the same speed. Be-
cause half the characters in the Hur-
ray code start with a mark and the
other half with a space, the receiv-
ing machine must be told when a char-
acter starts. In Part 3, the method
for telling the receiving machine
when a character starts will be des-
cribed.

START ARD STOP PULSES

It was shown that it is necessary
for the receiving machine to "time
the signal being received. The timing
process requires that the sending
and receiving machines operate at
exactly the same speed. 1t was alse
shown that half the characters in the
Murray code start with a mark and the
other half start with a space. There-
some means of telling the re-
character

fore,
ceiving machine when a
starts must be employed.
In order to describe how this 1is
done, a 'peculiarity" of landline

telegraph practice must be discussed.
THO-WAY TELEGRAPHY

Because wire
desirable to use a single wire for

is expemsive, it 1is

manual telegraphy. Figure 1 shous hou
this is done. At each end of the cir-
cuit there is a telegraph key and a
sounder in series. If a simple key
that 1is normally open was used at
each end, neither party could send
because the circuit weuld always be
open. IF however, there were a switch
across each key, and the switch was
kept closed when not sending, the
circuit could be opened by either
party when he wanted to send a mes-
sage and the circuit would be inter-
rupted by his key. In this manner it
is pessible te have a two-way circuit
with enly a single wire. (Simultane-
ous two-way traffic could not be
handied by this method, of course.}
Another advantage of the circuit
being described is that other sta-

tions can be inserted into the loop
{2lways in series) and so long as ali
keys are shorted while not sending,
the circuit will always be continuous
and any persen desiring to send can
"unshort" his key and send to all
other stations.

Tuo teleprinters can be arranged
for two way operation {not simultane-
ous two-way) by connecting them in
a manner similar to the one described,
See Figure 2 and compare it with
Figure 1.
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On each machine the selector magnets
and the keybeard contacts are put in
series. The same preblem with manual
telagraphy occurs here., How can one
person send to the other if the cir-
cuit is opened by the keybosard con-
tacts on the other machine? The an-
swer is that the keyboard centacts
are automatically closed when no one
is "typing" on that keyboard, In
other words, when the machine or the
circuit is not being used, a steady
mark is being sent, Therefore, tele-
printers are arranged to have a
steady current in the selector mag-
nets when there is no message.

The standard schematic symbol for
a teleprinter keyboard shows six con-
tacts. One is shown clesing the path.
The other five are shown open. The



five that are alike represent the
contacts that form the five portions
of the Wurray code. The one that is
form the 'stop
pulse" to be described later and is
the same contact that is closed when
the keyboard is not in use.

The "peculiarity" of printing tele-
graphy is that something {2 steady
nark] is being sent when ngthing fno

closed is used to

character) is being sent,
THE START PULSE

As described above, the idle con-
dition of a Teletype circuit is indi-
cated by a steady mark, A steady nmark
is also used between characters. The
receiving teleprinter, therefore, 1s
idle when current is flowing in its
selector magnets. When a character
is to be sent, the keyboard contacts
the <circuit, thus sending a
space. The receiving printer is therew
fore notified that a character is
coning when a space is received after

open

a steady mark. This space is called
a "start pulse". This start pulse
starts the timing sequence in the re-
ceiving printer. The ztart pulse is
the same length as the elements of
the Wurray code, 22 ms.

In Table 1 we could have added a
column  before 1 labelled
WStart", but because it would
an &Y entey in it for every row, it
was not shown.

The start pulse completely resolves
the paradex mentioned. Because every
character is preceded by a space (the
start pulse) and that is always pre-
ceded by a mark, the beginning of
every character is uniquely defined.

Calumn
have

THE STOP PULSE

We could have also raised the ques-
tion: When does a character end? This
is a natural question because half
the ¢haracters in the Murray code end
in a mark and the other half end 1in
One answer that could be
given is: 132 ns after the beginning
of the start pulse. Another, and per-
haps better, answer is: At the be-
ginning of the stop pulse.

a space.

It was mentioned previously that
the idle or between character con-
ditien 1is a steady mark. Therefore,

at the end of any Murray character
a mark must be sent to indicate the
In Table 1 we
could have added a column after col-

end of the character.

umn 5, labelled it "Step!, and put
an ¥ in that column on every row;
this was not done because the entry

is always an M,

The stop pulse net only signals the
end of a character and prepares the
recelving printer to detect the be-
ginning of another character but alse
acts as a buffer between characters.
1f the stop pulse were net used, it
might be possible to sead characters
sao rapidly that the recelving prin-
ter could not tell when one character
had stopped and the next one began.

The stop pulse is unique {when com-
pared to the start pulse and the five
element pulses] in that it has a de-
finite minimum length but an indefi-
nite maximum length. The step pulse
starts at the end of a character and
ends when the next character is sent.
When is the next character sent? This
depends upon the persen at the key-
board.

There are two standard
lengths for a stop pulse. On Western
Union machines it is the same as the
other pulses: 22 ms. Therefore, West-
ern Union are called "7.0-
unit" machines because the code they
send is composed of seven even-length
Bell System machines have
a stop pulse with a minimum length
of approximately 31 ms. Because 31

minimum

machines
elements.

ns is approximately 1.42 times 22 ns,
and because the other six elenments
are 22 ms long, the Bell System ma-
chines are called "7.42-unit" ma-

chines.
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The current waveshape occurring
when the letters "Y' and "A" are sent
are shewn in Figures 3 and 4. These
are the same as shown in Figures 1
and 2, but contain, in additen, the
start and stop pulses. The length of
the individual elements as well as
the complete character length are
shown for Western Union and Bell Sys-
tem machines., The mark occurring be-
fore the start pulse 1s the end of
the stop pulse of the preceding char-
acter and may be any length greater
than the minimum length corresponding
to the keyboard being used. The step
pulse shawn at the right of the fig-
ures ends whenever the next character
is sent. Its minimum length is indi-
cated.

We would like to mention at this
point, that although Bell System and
Western Union machines are 7,42 and
T.0-unit, respectively, they are per—
fectly compatible, The only differ-

ence 1s that om a Bell System key-
board the minimum interval between
successive characters (the minimum

length of the stop pulse} is 42% lan-
ger than it is on a Western Union
keyboard.

An excellent article regarding the
7.0 ws. ?.42-unit codes can be found
in the RTTY JOURNAL, 1967 March, p.3.
This article is a reprint of "Tele-
printer Codes: 7 Unit Versus 7.42,"
F.e. Smith, Western Union Technical
Review, 1994 October,

OTHER SPEEUDS

For completeness, we would like to
nention that amateurs may also employ
67, 75, and 100 WPM speeds. In addi-
tion, commercial stations use the 5-
element Murray code described here
and others use an 8-element code.
"The 8-element code used in commer-
cial service at 100 or 150 WPM oper-
ation is called ASCII,

SPEED

The term "speed" when used in con-
nection with printing telegraphy
ually means the number of words per
minute that the equipment can handle,
A word is defined as five characters
plus a character space. Kestern Union
characters are 7,0 units or 7.0 X 22

us-—-
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ms = 154 ms long. Therefore a Western
Unien "word" is 6 X 1% ms =924 nms=
0.924 seconds long. Because there are
60 seconds in a minute, a Western
Union machine can send or recelve
60/0.924 = 65 words per minute. There
fore, MWestern Union machines are
talled "G65-Speed” machines.

Bell System keyboards have a char-
acter length of 7.2 X 22 ms = 163
ms or a word length of 6 X% 1B3 =
0.978 seconds. 60/0.978 = 61.3 words
per minute., Therefore, Bell System
machines are called "G0-Speed" ma-
thines,

BALD

The Baud or the "Baud rate" is de-
fined as the reciprocal of the shart-
est element length peasured in se-
conds. For both MWestern Union and
Bell System machines operating at 65
and 60-speed, respectively, the
shortest element length is 22 wms.
Therefore, the Baud ratel/0.022=
45.45 Bauds.

SUMNARY

The need for the start and stop
pulses were discussed. The start
pulse, always a spate, indicates to
the receiving machine that a charac-
ter is coming and starts the timing
sequence in the receiving machine.
The stop pulse is used to end a char-
acter and to give a steady mark in
preparation for the next character.
The stop pulse also acts as a buffer
between sugcessive characters to en-
zble the receiving machine to prepare
to receive the next character.

It was also shown that MWestern
Union and Bell System machines differ
in the minimum length of the stop
pulse they send, but that this dif-
ference in no way affects their com-
patibility. The speed of operatien
in words per nminute was calculated
and the Baud was defined.

WAKING A TELEPRINTER GO

We have described some of the prin-
ciples of printing telegraphy. It
seems best, at this point, to show
how to connect a teleprinter for ob-
taining local copy. By deing this,
it should be possible for a beginner
te "play" with this machine and to
illustrate, first hand, some of the

things we have discussed.
CONNECTING A MACHINE

The method used te make a printer
work for local copy is simple: 1)Sup-
ply the motor whatever power its name
plate asks for, and 2} Connect in
series a DU power supply, a resistor,
a millimeter, the keyboard, and the
selector magnets. (The power supply
should be capable of supplying from
110 to 300 volts when GO mA is flow-
ing) Adjust the resistor until 60 mA
is flewing, turn on the moter, and
Yhit" a key on the keyboard.

Assuming all warks, try proving or
illustrating a Few of the things we
have talked about. For example. Learn
where the keys are just what the LTRS
FI1GS, CAR RET, and LF keys do and how
they do it, Poke judiciously, at the
machine's innards and discover what
a mechanical marvel it is. Try plac-
ing a 10 ohm resistor into the loop,
connect an oscilloscope 2cross the
resister, and loock at the waveforms
when various characters are sent.

If any difficulties are experienced
perhaps the following will help:

Before continuing, we would like
to editorialize: Some "experts" state
that the first thing an amateur
should do when he obtains a tele-
printer 1is rip out the wiring and,
unless the motor is 2 synchranous
motor, throw 1t away!! We say NON-
SENSE!! You may have to make some
miner modifications in the wiring,
but be very cautious. Wore on this
later. As far as the motor goes, if
the motor is changed, the gears will
probably have to be changed also.
This invelves quite a bit of wark.
If, after you have ripped out all the
wiring and replaced the motor and
gears, what happens if the printer
won't work? The first thing to do is
determine whether it worked when you
obtained 1t. How can you possibly
know if you instanameously ripped it
apart?

THE NOTOR

Lock at the name plate on the
motor. IF the speed 1s 1800 or 3600
RPM it is probably a synchronous
motor. If it says it is, it is.There-
fore, if it is a synchronous metor
supply the wvoltage it requires

{probably 120 ¥ at 80 Hz). If the
printer has a lot of auxiliary ap-
paratus with it, it would probably
be best to trace the wiring and care-
fully isolate the two leads going to
the motor, writing down just what
leads were disconnected from where,
You wWwill probably want to reconnect
them later so make sure that you know
just what you did disconnect. Our ainm
at present is just to get the machine
printing local copy.

If the machine has a D¢ govenor-
controlled motor, there is some aux-
iliary apparatus such as the gover-
nor, resistors and capacitors. Trace
the wiring and determine where to ap-
ply power, IF at all possible, build,
even if it is only a temporary "hay
wired" deal, a power supply to run
the motor. (D¢ not use the supply For
loop to run the motor.) You will need
about 110¥ DC at 1A. This may seem
a bother, but it is better te try
using the OC motor even if it is for
a few minutes of operation, tham it
is to rip away and possibly foul
things up.

For methods suitable for DC motor
power see: "Some Netes on the Western
Unien 2B Simplex Printer", Guentzler,
RTTY JOURNAL, 1966 March,pp.3-4; and
“teletype-Printer MNeise Redution",
R.B.Gold, QST, 1966 August, pp.?1.

One Ffurther comment about motors:
A synchronous motor will run at only
one speed and that speed is determin-
ed by its physical censtruction and
the frequency of the applied power.
Governor-controlled motors (AC & DC)
can operate over a wide range of
speeds. Even when the governor is re-
moved, the speed may vary depending
upon the mechanical load placed upon
the motor and the applied wvaoltage,
The nameplate on the governor—con-
trolled moter 1s not the spesd at
which the motor is supposed to be op-
erated when governor-controlled: it
is the "nominal" speed when the "nom-
inal™ mechanical load and voltage is
applied, For example, on some Western
Union machines with govermor-control-
led motors the nameplate on the motar
stated 1725 RPM, but the actual de-
sired speed as controlled by the gov-
ernor is 1682 RPM. On others, the
motor nameplate stated 7200 RPM, but
the governed speed was 2104 RFH.
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THE SELECTOR MWAGNETS

There are two basic types of selec-
tors and, of these two types, one has
two possible ways to connect the mag-
nets. These are summarized ag Ffol-
lows:

1) Pulling nagnets (B0 nA, series

enly)

2} Molding magnets

a} Series - 20 nd
b) Parallel - 60 mA

What type selector does your ma-
chine have, and how should the mag-
nets be wired? Perhaps the following
will help you decide:

Older machines were equipped with
a selector mechanism that was operat-
ed by the selector magnets pulling
an armature which was fairly massive
and required a relatively large pull-
ing force. Consequently, selectors
using this type armature are called
"pulling type" selectors and the twe
magrets must be wired in series and
must be supplied 60 mA for proper
operation.

On newer nachines and newer yer-
sions of the older machines, the se-
lector was redesigned so the armaturs
is moved, at least indirectly, by the
motor rather than by the magnets. The
armature is moved up te the magnets
and then released, if no current is
in the magnet coils, the armature
falls away. Comsequently, this type
selector is called a "helding-type!
selector and much less magnetic force
is required. Therefore, the coils can
be operated in parallel and 60 mA
supplied to the combination or they
can operated in series and only 20
mA is required, For various reasons,
although the lower current  sounds
attractive, the 60 mh parralel opera-
tion is recommended.

Now comes the rub, What type selec.
ter do you have and how should you

connact the magnet coils? The ebvious
answer is: Ask somegne whe knews to
loek at your machine and tell you
what to do. Next choice is to look
at someone else’s machine and see how
it is constructed and connected. Last
choice {frem an ezse of doing some-
thing standpoint} is te find out all
by yourself,

Trace out the wiring connetted to
the selecter magnets. If the coils
are in parallel, you probably have
a helding-type selector connected For

60 mA operation. If the coils are in
series, try operating the machine
with 60 mA in the coils as we de-
scribed at the begining ( have motor
eperating and Vtype" something.} IFf
it operates, and it probably will,
slowly decrease the loop current un-
til operation ceases, If it stops at
about 30 mA, you have a pulling-type
selector and you must use 6O mA with
the coils connected as they are, If
operation continues down to about 10
oA loop current, you have a holding-
type selettor connected For 20 mA op-
eration; reconnect the nmagnets so
they are in parallel, adjust the loop
current for 0 mA, and try operating
the machine. If it works, Ffine; if
it does not work, you have phased the
coils improperly when you were recon-
necting them. Reverse the leads to
one magnet and try it again, It
should now work.

SPEED

At what speed does your machine op-
erate? We have discussed some of the
Ustandard" operating speeds and also
made 2 strong case for the fact that
the transmitting and receiving ma-
chines must operate at the same
speed. ¥hen you are operating your
ong machine by itself, it is operat-
ing at the "proper" speed, regardlass
of what that speed is, because the
keyboaard and selactor are geared to
each other and therefore regardless
of the actual speed, they are operat-
ing at the correct relative speed.
However, once you try te transmit to
or receive frem some other machine,
you nmust operate your machine at the
proper speed relative to the other
nachine, Therefore, the actual speed
is unimpertant when making local
copy, but will become vital cnce you
Uget on the air'.

There are many ways to determine
the speed of your machine. Some are
much better than others: we will men-
tien some of them and let you pick
the method best suited to your situa-
tion,

1. The keyboard shaft should rotate
at 368 RPM and the selector shaft at
420 RPM on a Bell System "50-Speed"
machine, and the keyboard shaft
should rotate at 389 RPM and the se-
lector shaft at 470 RPN on a Western
Union 65 speed machine. Obtain a

Strobotac and measure the speeds.

2. If the machine has a synchrenous
motor, count the number of teeth on
the gears (or gear and pinien} and
calculate the speeds of the kayboard
and selector shafts. (See gears and
things).

3. Connect your machine into a lo-
cal loop with someone else's machineg
and send back and forth, If both ma-
chines can send and receive toffronm
each other, the speeds are probably
cerrect,

4, Tume in an Amateur RTTY signal
and see whether you can copy it. (We
have not discussed this yet, but if
you are far aleng, try it.) This is
not the best test in the world, If
you can copy, fine, If you can't
there are many reasons other than im-
proper speed that could be causing
the trouble, Try several different
amateur RITY signals. Also try re-
versing the switch on your TU. Unfor-
tunately, most commercial stations
are not G60-speed, but if you look
lang enough you may find one. Haw-
ever, if you do find a commercial
station that you can copy this may
not tell you much because they cper-
ate at "standard" speeds of 60, 67,
75 and 100 WPM and which you are
copying is debatable,

SUMMARY

Connecting a teleprinter to obtain
local copy is relatively simple. Sup-
ply power to the potor, and connect
in series a DL power supply, the key-
beard, the selector magnets, a resis-
tor and a millimeter.

Several possible causes of trouble
were discussed. It was recommended
that a teleprinter be opsrated "as
received" if possible; this is desir-
able because, if rothing else, it in-
dicates whether or not the teleprint-
er was in operating condition when
received,

A concise summary of teleprintars
was given in the 1971 March (pp. 8)
and April (PP.B) issuss of the RTTY
JOURNAL.

ADDENDA FROM ORIGINAL ARTICLE

The newer machines (M 32 on up),
use a more complicated arrangament
for operating the selector magnats.
In the older machines (M 28 and be-
low}, the nmagnets were inserted
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directly inte the lvep as already
described. The inductance of the mag-
nets presented bad transient problems
that tended to distert the loop cur-
rent waveforn and thus cause errors
in copy. The inductance problem could
be mitigated by using high voltages
in the loop (130 ¥ or higher). The
high woltages placed a burden upon
solid state devices. Consequently,
starting with the M32, the magnets
have been designed to operate fronm
about 12 ¥ at 500 mA. They cannot be
used directly in a 60 oA loop. The
machine comes equipped with a solid
state magnet driver ([SMD) that re-
quires 60 {or 20} mA at its input.
Thus, its input is 1inserted intc a
loop in the same manner that the mag-
nets were inserted in the older ma-
chines. The output of the SMD drives
the 500 mA magnets. Therefore, there
are acturally three basic types aof
selectors,

TRANSMITTING A RTTY SIGNAL

It may appear a bit backward to
discuss transmitting a signal before
the process of receiving is considerd
because all amateurs receive before
they can transmit (some for years!]).
However, if you knod what you are try-
ing teo receive, it should be gasier
to understand why the receiving
equipment i1s constructed and operated
as it is.

TYPES OF SIGHALS

There are many ways to transmit a
RTTY signal.Three simple methods are:
1. On-off keying
2. Frequency shift
a. RF {FSK)
b. Audio {AFSK]

The first method listed is the most
gbvious, especially when one is fa-
miliar with CW and the analogy be-
tween CW and RTTY that was described
previously., In a simple telegraph
loop, the signal is sent by opening
and closing the keybeard contacts;
because the keyhoard contacts just
open and close, it should be possible
to substitute the hkeyboard contacts
for a telegraph key on a CH transmit-
ter and have "instant" RITY,

This scheme will work and has been
employed, but, although it represents
the wultimate in simpplicity for the
"sender?, the Ureceiver may be Faced
with a serious problem. With this
simple scheme, a mark iz something
and a space is nothing. What happens,
when a burst of static somes aleng?
A burst of static is something, Ehere
fore the receiving equipment mistakes
the static fur a mark and prints an
error; the simple on-off scheme is
prone to errers. (One might argue
that CW is amazingly free of such
problems, and on-off RTTY should be
also. However, when employing CW,
there is one additional item that is
not employed in RTTY, It is a mass
of grey matter located between a pair
of ears. It 1is capable of doing
things that neo electronic cireuitry
can come close to matching.)

FREQUENCY SHIFT KEYING

For the time being, we will ignere
the differences between audie fre-
quency shift keying (AFSK) and car-
rier frequency shift keying (FSK) and
discuss their common Features,

In a frequency shifting schenme,
something is always being trans-
mitted; i.e., the transmitter is al-
ways sending RF into the antenna. For
example, whenever a mark is to he
sent, the cutput from the sending end
is a particular fregquency, and, when
a space 1s to he transmitted, a dif-
ferent frequency is sent. Because
there is always 2 mark or a space
being sent, the receiving equipment
has a much easier time deciphering
the signal.

This will be explained fully later,
but a brief explanation follows:

The receiving end can copy from
mark only because a knowledge of the
marks implies that there are spaces
between the marks. If only spaces are
received, marks must be in the Ygaps"
between the spaces. Therefore, if
both marks and spaces are sent, the
receiver can use either one and ob-
tain all the infgrmation sent. IFf
bursts of noise are present, the re-
ceiver can employ a simple scheme
where it uses both marks and spaces
in such a manner teo reduce its sensi-

tivity te interference.
FSK

Carrier Frequency shift keying
(FSK) is commonly employed on the
WF bands. FSK is called F1 modula-
tion.

One method of carrier fregquency
shift generation is te place 2 snall
capacitor across the escillator tank
circuit. The capacitor is then con-
nected and disconnected by the key-
board contacks.

Because of the wunsuitability of
conducting RF intu the keyboard con-
tacts, a few simple components are
placed between the keyboard contacts
and the frequency-shifting capacitor.
These componenks are typically a ca-
pacitor, 2 diode, and RF choke, and
a few resistors, The dicde is wused
as a switch to connect and disconnect
the shifting capaciter. The other ca-
pacitor and the RF are used as a sim-
ple low-pass filter to block RF from
the contacts.

Again, an FSK signal can be genera-
ted by cennecting and disconnecting
a small capacitor across the oscilla-
tor tank in a transmitter in response
te the opening and closing of the
keyboard tontacts in the teleprinter.

Hormally, the mark frequency is
lower than the space freguency.

With the advent of highly stable
transmitters and receivers, the space
tone is usually 170 Hertz lower than
the mark freguency. Freguency shifts
up to B850 Hertz are octasionally en-
countered on the Amateur frequencies.

Typically, space is B850 Hz lewer
in frequency than mark. (By law it
must be less than 900 Hz). Some ama-
teurs are using a shift of 170 Hz;
this is called "narrow shift". Narrow
shift has many advantages compared

. .‘ ¥ .'
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to 850-shift, and only one disadvan-
tage; the disadvantage is that beth
the transmitter and receiver nmust be
stable (free Ffrom frequency drift
problems).

AFSK

On B meters and above, audio fre-
quency shift keying is permissable.
{FSK is alsc permissible).

AFSK is wsually obtained in the
same general nmanner as F3K, but the
frequency of an audio oscillater is
shifted, The output from the oscilla-
tor is fed inte the audio inmput of
a transmitter,

The most common method used to ob-
tain AFSK is to build an audio oscil-
later whose output frequency is as
high as possible within legal limits.
Usually 2295 Hz is used. A capaciter
can be placed in series with the key-
board contacts and the combination
is placed across the ascillater tuned
¢irguit. When the contacts” are apen
(space), the output of the oscillator
is 2295 Hz. When the contacts are
closed (mark), the resonant frequency
of the c¢ircuit is lowered because of
the additional capacitanmce and the
output freguency is lower. The most
common fregquency for mark is 2125 Hz
{170 Hz lower than than space}. (NOIE
that Mark 2125 Hz. is the lower fre-
quency and Space 2295Hz is the higher
Frequency for normal 170 Hz shift.)

The oscillater ceontaining  the
shifting capacitor and usually a few
other compenents including a dicde
to do the actual switching in order
to keep the audio out of the keyboard
contacts is called a keyer, The kay-
board contacts are connected to the
input of the keyer and the output of
the keyer is connected to the audio
input (microphone input) of an AW or
FM transmitter,

When an AM tansmitter is used, the
modulation is called A2. When an FHM
transmitter i3 used, the modulation
_is called F2. When a S5B tansmitter
is used, nodulation results in an
cutput similar to FSK and is called
Fl.

(Note that an AFSK keyer into a §3B
transmitter results in an output that
loocks like carriar frequency shift
keying sc long as the keyer is well

designed and the 558 trapsmitter is
_adjusted properly.}

" For specific circuits of AFSK key-
ers see: 1. THE NEW RTTY HANDBOOK,
Byron Kretzman, pp. 102-2;Z, "Audie
Frequency-Shift Keying for RTTY", Irv
Hoff, QST, 1965 June, p. 32ff; 3. "An
AFSK  Xeyer", R.E. Guentzler, RITY
Journal, 1967 July-Aug., p. B9fF;
4. SEE AN AFSK KEYER.

SUNHARY

Because RTTY is sent over a local
loop by simply opening and elosing
contacts, we will not attempt to dis-
cuss a specific FSK circuit at this
point because the actual circuit to
be used depends upon how the woltage
used to operate it is obtained. This
Wwill be covered in detail later,

This method, called "Indirect FSK,M
will he covered later also,

It is possible to substitute the
keyboard contacts for a telegraph key
on a CW transmitter. This means of
transmission is very difficult to re-
ceive except under very Ffavorable
conditions, A better method known as
frequency shift keying requires the
transpitter to be on continugusly
whether a mark or space is being
sent. The carrier frequency can be
shifted between tuo freguencies, one
for space anmd lower frequency for
mark {(FSK or Fl}, On 6 meters and
above a voice transmitter can be used
and the freguency of an audio modu-
lating signal can be shifted (AFSK,
F2 or A2). With either FSK or AFSK
the frequency can be shifted by plac-
ing 2 capacitor acress the tuned cir-
tuit in the oscillaters.

AN AFSK KEYER

We described the twe principal
methods used to transmit a RTTY sig-
nal: 1) Frequency shift keying {FSK].
and 2} Audio Frequency Shift Keying
{AFSK). It was shown that they are
in some ways quite similar in that
the frequency of an oscillater is
shifted between two different fre-
quencias as the contacts on the key-
beard of a teleprinter open and
tlose, In the case of frequency shift

keying, the Ffrequency of the oscil-’

lator within the transmitter is shif-

ted. This is usually accomplished by
slightly medifying the woscillatsr
circuit within the transmitter.

In the case of audio Frequency
shift keying, the frequency of an
audie oscillater is varied between
two different frequencies as the key-
board contacts open and clese. The
output of the audio frequency shift
keyer is connected to the microphone
input of a voice transmitter (AN or
FH}. Because the AFSK keyer is not
built inte the transmitter, essenti-
ally any AFSK keyer can be used with
any veoice transmitter. (0f course,
the input impedance of and level re-
quired by the tansmitter will have
some effect upon the specific re-
quirsments of the AFSK keyer, but the
restriction can be considered miner.)

THE AFSK KEYER

Although an AFSK keyer tan be built
with a single oscillator and a capa-
citor placed across its tuned circuit
to shift the frequency, more versati-
lity and reduced keying transients
can be ohtained by using twe sepa-
rate continuously-running esc¢illators
whose outputs are I''gated" by the
opening and closing of the keyboard.
The two major advantages of separate
oscillators {one for mark and cne for
space) are:

1) The frequency of each oscilla-
tor can be adjusted indepen-
dently of the other, and

2) The levels of mark and space
tones can be independently
adjusted.

The circuit will be described

briefly and then various portions of
the circuit will He¢ described in some
detail.

The oscillators use the familiar
Hartley cireuit consisting of an 88
nH  toroid shunted by the proper
amount of capacitance to give the re-
quired 2125 and 2975 Hz. {nide shift)
resonant frequency. The values shown
for €3 and T4 are the approximate
values required, The exact wvalues
should be determined by measuring the
output frequency and adjusting the
capaciters until the freguency 1is
proper, The capacitors ¢an be "var-
ied" by shunting small mica capaci-
tors across C3 and Ca.
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The oscillator transmitors are TI
2N3819's, These are HN-thannel junc-
tion field effect transistors. The
resisters A1 and R2 and the capaci-
tors ' Cl, C2, and C5 are for decoup-
ling. R1 and R2 ¢an be used to mea-
sure the drain current on the tran-
sistors. It should be from &4 to 8 mA,

The keyboard is connected into a
Meop! composed of R6, R7, and RE;
the loop is fed from 130 ¥ or higher.
R6 is adjusted to give a loop current
of 60mA. {Actually, R6 is not really
necessary and the leop current does
not have to be set to B0 mA unless
a selector is also put into the loop.
The selector is undesirable for rea-
sans described later, but "force of
habit" or good telegraph practice in-
dicate that BD mA is desirable.)

hssuming that R6 is present and it
has been adjusted to give 60 nhA loop
current, during marking <conditien
from the keyboard (contacts closed
and 60 mA Fflowing in the loop) the
potential at point "AM is  approxi-
mately plus 48 vaolts; during the

ALESH Rerex
AN Covana &1 VEAS O~
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spacing cendition (ne loop current},
the potential at point "A"M is ap-
proximately 0 volts. This wariable
potential is coupled inte the digdes
D1 and D2 thru a delay network com-
posed of R9, CB6, and R1G. The wary-
ing potential at point A" causes one
or the other of the dicdes to con-
duct. For example, during a mark the
potential at point "A' is 48 volts;
this voltage causes diode 02 to con-
duct or gate the output from the mark
oscillstor into the output  ampli-
fier Q3. The output from the space

oscillator will be blocked frem 03
because D1 is reverse blased.

During a space, the woltage at
point “A" is approximately 0 wvolts

causing D1 to conduct and D2 to open.
Therefore, during a space the output
from the space coscillator is connec-
ted to Q3 via 01 and the output from
the mark oscillator is blocked from
93 by non-conducting diede D2,

R4 and RS control, independently,
the levels from the two escillatars
while R11 contrals both levels simul-
taneously.

The network composed of R12, L3,
and €7 is essentially a "simple-
minded" band pass filter. The output
stage is & amplifier
transformer coupled to the transmit-
ter audio input circuit.

Capaciters Cl and C2 can be any
value “Jreater than 1 uF. €5 should
be as large as possible.

It was found that the frequency of
the ose¢illators changed less than 1
Hz when the supply voltage was varied
from 18 to 26 volts., With stability
that goed, no regulation is required.

The dicdes should be silicon june-
tion diodes. This is desirsble in or-
der to get 2 good forward te bzckward
resistance ratio with the magnitudes
of escillater and switthing voltages
available. We used the 18482,

The switching delay network c¢om-
posed of RO, B, and RI1D can be
changed if more diode cturrent is re-
quired or if the time constant is
considered too long. In the circuit
shown, the total switching time is
approximately 8 cycles at 2125 Hz or
about 4ms. If the IN4B2 is used, the
network 1s optimum,

The "filter" network coanposed of
Ri2, L3, C7, and RI1l is tuned ko re-
sonate at approximately 2550 Hz, The
best tuning procedure is te adjust
the size of C7 so that the mark and
space appear at tha output at
equal levels when R4 and RS are wide
open. The § of the L3-C7 circuit is
kept low by using the 50K potentio-
meter (R11) and the coupling resistor
R12. This filter serves several pur-

common-source

tones

poses: 1) It cleans up any harmonics
From the oscillators, 2) It removes
the harmonics generated by the diodes
during the switching interval when
the diedes are partially-conducting,
and 3} It helps remove the low Fre-
quency transients caused by the DC
used to switch the diades.

The 24 ¥ power supply should be
"stiff" so that the loop keying does
not affect the keyer in a
ether than the desired one.

When wiring the unit, it is advis-
able to separate the wiring in the
loop circuit from the remainder of
the unit. This is desirable because
"epikes" may be present in the loop
due teo bouncing contacts, etc., and

manner

11



these Mspikes" could get into the
eutput and into the transmitter,

One note of caution: As is the usu-
al case, too many selector magnets
in the loop will cause spacing bias
an the transmitted signal. The spac-
ing bias can be reduced by decreasing
the size of R8. The best way to
eliminate the bias is tof prevent it:
i.e., don't put selector magnets in
the keyboard loop?

CONCLUSIOR

We have just described a good AFSK
keyer. It is slightly different fronm
most others described elsewhere in
that it uses two separate oscillators
and the output from these oscillatars
is gated by means of two diodes.

We have had one of these units run-
ning 24 hours/day for over b years
now and there has been no sign of de-

terioratien in performance. (About
50,000 hours of continuous oper—
ation!}

RECEIVING RTIY SIGNALS

We described how an RTTY signal is
transmitted, This was done before
describing how to receive a signal
because it was felt that it is easier
to understand how to receive some-
thing if one knows what that Msome-
thing" is. We will review the trans-
nitting process and then des¢ribe the
receiving process,

There are two asethods used to
transmit an RTTY signal. Both invelve
frequency shifting a signal. One
nethod employs frequency shifting the

carrier from a CW transmitter, The
other  method invelves frequency
shifting an audio tone which is
applied te the nmicrophene input of

a volce transmitter (FH or DSB AM}.
The former method is called FSK and

the latter method is called AFSK.
¥hich method is wused is dependent
upon legal restrictiens andfor tech-

nical problems, Generally, FSK is
used on 10 meters and below, and AFSK
is used on & meters and the above,
FSK is obtained by connecting the
keyboard contacts to the escillator
circuit in a CW tansmitter, The con-
nection 1z made thru a simple circuit

consisting of a diede, an RFC, and
a few resistors and capaciters. This
shifting circuit is placed physically
close to the oscillatar in  the
transmitter. A signal conditioning
c¢irguit should be used so that when
the keyboard contacts are closed
(mark), the output fFrequency from the
transmitter is shifted downward 170
Hz. from the space frequency.

It should be emphasized that some-

thing is always being transmitted;
i.e., regardless of whether a mark
or space is being sent, the transmit-
ter is Mon the air" and RF is being
fed into the antenna. The only dif-
farence between Merk and Space is
that the output or tansmitted Ffre-
guency is slightly different.
AFSK is obtained by building (or buy-
ing) an audio oscillater that con-
tains a shifting circuit similar to
the one that was wused in the FSK
transmitter oscillator circuit. When
a Mark is to be sent, the output from
the audio eoscillator is a given fre-
quency (typically 2125 Hz). When a
spate is to he sent, the output from
the audio oscillater is shifted up-
ward in frequency. Usually, a shift
of 170 Hz is used; therefore, if the
Mark frequency is 2125 Hz, the Space
frequency is 2295 Hz. The audio os-
cillator and its shifting circuit are
called, collectively, an MAFSK Keyer"
and this keyer is housed in a box
that is physically separate from the
transmitter. {That into the transmit-
ter, while with AFSK the shifter and
its oscillator are located external
to the terminal.) The ocutput from the
AFSK keyer is connected to the audic
input of an FM, AN or S8B transmit-
ter (lower sideband).

THE BASIC RECEIVING PROCESS

Whether the signal to be received
is FSK or AF3K, there are certain si-
milarities in the receiving process.
In the case of AFSK there are essen-
tially two steps and with FSK there

is an additional step. We will de-
scribe the &FSK situation first.

The two steps to receiving an AFSK
signal are: 1) Tune the receiver so
that the AFSK tenes are heard in the
loud speaker, and 2} Apply the tones
coming from the receiver to a "kermi-
nal unit™ {TU), ar a "'recelving con-
verter", or a “decoder", whichever
you prefer to call it, and connect
the output of the TU to the selector
magnets in the printer.

The receiver tuning process For
AFSK is quite simple, Because the
signal being transmitted was generat-
ed by applying audio-frequancy tones
to the microphene imput in exactly
the same manner as it would be for
a voice signal,

The TU and the process within it
will be described briefly in order
to present the basis processes taking
place within it. A more detailed des-
cription will be given later.

As mentioned above, the audio gut-
put from the receiver is fed into the
TU. This audio signal is composed of
a Mark tone at 2125 and 2295 Kz faor
a Space. Only one tone is present at
any one time. Inside the TU is a pair
of tuned ecircuits; one circuit is
tuned to the Mark audie¢ frequency and
the other to the Space audio fre-
guency. When a Mark tone is received
there is an output from the Mark
tuned circuit and nome {ar very lit-
tle) from the Space tuned circuit.
When a Space tons is raceived, there
is an output from the S$pace tuned
circuit and none from the Mark tuned
circuit. The eutput from these tuned
circuits is an audio frequency velt-
age (AC). These AC voltages are rec-
tified {converted to DC) by a circuit
similar to that used in a power sup-
ply. There is one rectified circuit
connected to each tuned circuit. The
diedes in one of the rectifier cir-
cuits are reversed from the way those
in the other circuit are connected,
Therefore, for example, when a Mark
tone is received a positive 0C wvol-
tage results whereas when a Space
tone is received a negative voltage
is produced, This DC voltage is too
weak to directly operate selectoer
magrets and is amplified. The ampli-
fication can be accomplished by means
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of a polar relay, a vacuum tube, or
2 transistor. The amplified voltage
is applied to the selctor magnets.

To summarize the AM or FH AF3K re-
ceiving precess: The tones are re-
ceived on an "ordinary-type" AM or
FM voice receiver as would a voice
signal. The tones coming from the re-
ceiver are fed into a terminal unit
{T1U}. The TU separates the two tones,
converts them to DC, and then turns
on and off a DC leop connected to the
selector magnets. The DC leop 1is
turned on when a Mark tone is re-
ceived and off when a Space tone is
received.

RECEIVING FSK

The FSK receiving process involves
three steps: 1) Tuning in the FSK
signal, 2) Converting the FSK signal
into an AFSK signal, and 3) Convert-
ing the AFSX signal inte a DC loop
signal by means of a TU.

The last step will be considered
first hecause we have already dis-
cussed it, The TU used for FS5K can
be the sane one used for AFSK so long
as the tones applied to it are AFSK
tones of the proper frequencies.

How d¢ yau get AFSK tones from a
receiver tuned to an F3K signal? The
answer is the same as the answer to
the question: How do you get a tone
from a receiver when receiving a
hand-keyed CW signal? The answer is:
Use the 8FD in the receiver. When re-
ceiving a hand-keyed CW signal you
are trying to listen to a single car-
rier or RF signal that is simply go-
ing on and off. By means of the BFOD
you {or, rather, the receiver} con-
verts that single carrier frequeney
te an audio frequency. The piteh {or
frequency) coming from the receiver
is dependent upon the difference be-
tween the *ransmitted frequency and
the fregquency of the BF oscillator
within the receiver, if the carrier
freguency of the received signal va-
ries, the pitch of the tome from the
receiver vyaries. If you tunme in an
FSK RTTY signal, the tone coming from
the receiver will change s the
transpmitted signal changes frequency.
Therefore, the first two steps in-
wolved in receiving an F5K sigral are

more-or-less accomplished simulta-
necusly.

Now come some problems that ocour
with F3K that do not occur with AFSK,
In order to describe and understand
these FSK problems, let's look at
AF3K again. When a person is trans-
mitting voice or AFSK on an F¥ or DSB
AM transmitter, the audic frequencies
he sends are determined by him. When
you tune your receiver to hear his
signal, you tume for maximum signal
or least noise but in the tuning pro-
cess you do not change the Frequen-
cies being heard. You merely optimize
what you are hearing. In the TU the
tuned circuits are tuned so that one
gives maximum response to Mark tone
and the other to Space tone. In order
to greatly simplify what could become
a messy tuning problem, certain stan-
dards have been set up for AFSK RTUY
and gne of them is that when usinag
1170-shift" the Mark tone is always
2125 Hz and the Space tone is always
2295 Hz. Therefore, once you have
built your TU you should not have to
retune it everytime you receive an
AFSK signal because "everyone" uses
2125 Hz. tor Mark and 2295 Hz. for
Space.

When you tune a CM signal, you tune
For a combination of things including
maximum signal and least noise, When
tuning you also change the pitch of
the signal. This pitch is net par-
ticularly inmportant because your head
contains a rather breadly-tuned cir-
cuit that will accept almest any
pitch. When you tune an S3B signal
you have a slightly tougher situation
than with CHW because you have to tune
to get the voice frequency components
in approximately their proper range
in arder to understand what the per-
son is saying, but there is still
some reom for error and your head
will compensate for it. However, the
tuning is more critical than it is
with CW.

Now back to FS5K. When you tune in
an FSK signal, your tuning determines
the pitch of the received tones. IF
his transmitter or your receiver
drifts, the pitch of the received
signal changes as it does with CW or
5SB. However, bhecause the TU contains
rather sharply-tumes circuits, the

audio tomes presented to the TU must
natch rather closely the frequencies
to which the circuits are tuned.
Therefore, when you receive an FSK
signal you must tune for the proper
pitch of tones and a slight drift in
Frqu ncy at the transmitter or re-
teiver may alter the frequeney of the
received tones enough to cause errors
in the printed copy or prohibit copy.

For example, if either end drifts
by 100Hz, the tones will change by
100 Hz, and this may be enocugh to
prohibit copy. A change of 100 Hz at
a frequency of 3,600 MHz is a change
of one part in 36 thousand or ap-
proximately 0.003%. At fen meters a
change of 100 Hz is approximately
0.0003%. This represents a pretty
tight frequency tolerance.

Again, a problem with FSK reception
is that the person receiving deter-
mines by his tuning what audic tones
will appear from the receiver. This
means that the tuming process is more
difficult than with AFSK. Alse, any
drift in frequency at either end will
directly result in an error in the

tone output frequency from the re-
ceiver. With AFSK a tuning error is
gither totally wunnoticed, or, at
worst, may result in a change in

noise level from the receiver.

Another problem with FSK. Also, any
not as seriouws, is that by improper
tuning you may end up with an "up-
side-down" signal. This is analogous
te what happens when an 58B signal
is tuned on the "wrong" side {trying
to receive with the mode switch in
"LSB" when it should be in MUSBM).
You might tume in the signal se that
one tone is exactly 2125 Hz and the
other is 2295 Hz. but get nothing but
"garbage" from the printer. The prab-
lem is that Space 1s 2125 Hz and Mark
2295 Hz! (Incidentally, this could
also be the fault of the transmitting
station.} A simple remedy for this
situatien is to 1incorporate within
the TU a "reversing" switch that per-
mits the interchange of Mark and
Space signals.

SUMMARY

We have briefly reviewed the two
methods of tansmitting RTTY signals.
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It was pointed out that when AFSK is
received a voice type receiver is
used and the tones being transmitted
are heard in the loudspeaker. Tuning
the receiver optimizes reception of
the tones but does not change their
pitch of frequency. The tanes zre fed
from the receiver into a terminal
unit (TU). The TU separates the tones
by means of two filters or«tumed cir-
cuits, converts the outputs of these
filters inte 0BG, and applys the DC
to 2 loop keyer which operates the
selector magnets in the printer. The
loop keyer may be a polar relay, a
vacuum tube, or a transister.

When FS¥ is to be received, the re-
ceiver must receive the signal (ob-
viously) and convert the FSK signal
to audio tones or AFSK. (The conver-
sion to AFSK is the same process used
to receive CW or 58B.) Once the AFSK
signal has been generated within the
recelver a TU is connected to the
output of the receiver as it was for
a pure AFSK situation. The prime dif-
ficulty with receiving FSK is that
the frequency of the tones appearing
at the receiver output is dependent
upan the tuning of the receiver, and
precise tuning is required compared
with the rather sloppy tuning re-
quired with AFSK. Also, any drift of
the receiver or transmitter when
using F35K will result in a shift of
the frequency of the tones coming
from the receiver, and even a rela-
tively miner drift (when compared
with AFSK or DSB AM woice) will be
described in more detail next.

A SIAPLE TV

When an AFSK signal is received,
the receiver {AM or FM} is tuned te
the signal and the tones being sent
are heard in the loudspeaker. The
frequency of the tenes is not affec-
ted by tuning the receiveri tuning
merely optimizes for pinimum relse.
When a FSK signal is received, the
receiver 1s operated as 1t would be
for a CW signal {or more accurately,
as it would be for an S3B signal).
When the receiver is tumed, the F3K
signal appears as tones coming from
the loudspeaker. The tuning of the
receiver affects the Frequency or
pitch of the tones as well as the re-

lative amount of interference and
noise. Therefore, the receiver must
be tuned so that the FSK signal has
exactly the right piteh.

In either case [AFSK or FSK}, the
tones coming from the receiver audie
output are applied to the input of
a TU. The TU has the job of distin-
guishing the Mark and Space tones,
and, ultimately, opening 2 locop when
a Space is received and closing a
loop when a Mark is received., The
loop 15 connected to the selector
magnets in a teleprinter.

We are going to describe 2 simple
U in order to show how a TU converts
the audio tones into the opeming and
¢closing of a loop. We have selected
the Twin City TU for two reasons: 1}
1t uses vacuum tubes and will there-
fore be understandable to the maximum
nunber of readers, and 2} it contains
all of the absoclutely necessary cir-

cuitry, but at the same time is sim-

ple enough to be easily understamd-
able.

When looking at the circuit dia-
gran it will be noticed that no com-
ponent values are given. We did this
because we are trying to remain neu-
tral in the area of which TU is the
best for a particular application.
Anyone interested 1in building the
Twin City TY can find it in: THE NEW
RTTY HANDBOOK, Byrom H. Kretzman,
W2JTP, Cowan Publishing Co., 1962.

The circuit can be divided into se-
veral separate and essentially inde-
pendent portions as follows: 1) input
"amplifier" and isclation {11, R1).
2) Limiter {C3,R2, Y1, R3, R4) 3] fim-
plifier {C&, RS, RG, V2, R7),4) Space
and Mark filters (C5, RS, L1, Cl, L2,
£2), 5) Space voltage doubler reacti-
fier (C&, CR3, CR4, CB), &) Mark
Voltage doubler rectifier {C7, CRS,
CRG, €8), 7) OC amplifier (R9, RIO,
Ril, ¥3, R12),and 8) Loop keyer {K1).

1} The input “Amplifier" and isola-
tion is obtained by means of trans-
former T1. The AFSK signal obtained
from the loudspeaker terminals of the
receiver is relatively weak, By run-
ning it thru a transformer the signal
voltage can be increased many times.
Also, the input transformer provides
isclation thus preventing possible
introduction of noise due to "Ground
loopsh,

2) The purpose of the limiter is
to provide to the rast of the unit,
especially the DC amplifiers, a sig-
nal relatively independent of the
strength of the tones coming from the
receiver.

3) The amplifier composed of ¥2 and
its associated components is needed
to increase the constant but rela-
tively weak signal coming froem the
limiter to a magnitude large encugh
to insure that the DC amplifiers have
adequate signal. The output from the
anplifier V¥2 consists of the same
audio tones that came from the re-
ceiver output; the processing of the
signal to this point simply amplifies
the tones to a constant level.

&) The signal from the amplifier
is delivered te the Space and Mark
filters thru R8. RS serves the pur-
poses of effectively isclating the
filters from each other, and because
it is variable, permits compensation
for differences within the twe fil-
ters. The Space filter composed of
L1 and C1 is a simple parallel reso-
nant ¢ircuit tuned to the Space fre—
quency of 2295 Hz. At resonance it
has a relatively high impedance, but
off resonance the impedance is rela-
tively low. If a constant-amplitude,
variable-frequency signal is fed fren
¥2 to the L1-Cl filter, the voltage
across the filter will be maxioum
at its resonant frequency and smaller
at other freqencies. For example,
when a 2295 Hz. tone is fed from the
plate of ¥2, the audio voltage across
L1-C1 may be about 10 ¥V, but when a
2125 Hz voltage of the same value is
fed from the plate of VY2 only about
1/2 wvolt will appear across LI-Cl,
This is similar to the action of any
tuned circuit. The Mark filter com-
posed of L2-C2 acts in exactly the
same manner except its voltage s
maximum when a 2125 Hz tone is pre-
sent and quite small when a 2295 Hz.
tone is present.

Before continuing, we will sum-
marize operation up to the filter
outputs. The awudie signals from the
receiver are arplified, then limited,
then amplified again, Therefore, re-
gardless of the frequency of the tone
the wvoltage appearing at the plate
of ¥2 is the same, The signal from
the plate of V2 is split by nmeans of
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R8 and is applied simultaneously to
the twe tuned circuits compesed of
L1-Cl and L2-C2., LI-C1 is tuned teo
the Spate frequency, 2295 Hz., and,
L2-C2 is tuned to the Wark frequency,
2125 Hz. Therefore, when a Space tone
is received the voltage across L1-Cl
is relatively large {10 ¥)] and the

voltage across L2-C2 is relatively
small {(1/2 ¥). When a Mark tone is
received, the wvoltage across L1-C1

is relatively small (1/2 ¥} and the
veltage across L2-C2 is relatively
large (10V}. Because of its similari-
ties within the circuit, the voltages
may not be exactly as stated. This
can be partially compensated by ad-
justing RE.

5) The space voltage doubler recti-
fier circuit (C&, CR3, CR4, CB) con-
verts the audic frequency wvoltage
appearing across the Space filter in-
to a positive OC voltage which is ap-
proximately proportional to the audio
voltage appearing the Spate
Filter.

6) The Mark voltage doubler recti-
fier rectifies the audic voltage
appearing across the Mark Filter and
delivers a positive DC voltage ap-
proximately proportional to the audie

across

To Rcv

the

voltage appearing Mark
tuned circuit.

7} One portion of the DL amplifier
{¥3&) amplifies the positive DC wvol-
tage appearing from the Space voltage
daubler rectifier and the other half
{v3B} amplifiers the DC wvoltage from
the Mark voltage doubler rectifier,
The common cathede resistor RIL
serves the purpose of making one of
the DC  amplifiers  discriminate
against the other one. For example,
a Space tone is received, the
voltage appearing on the grid of V3A
may be about 20 wolts and the voltage
appearing on the grid of ¥3B may be
only % volt. {These voltages
neasured to ground}. Because the grid
en the Y3A is being driven rather
hard, the plate current on V3R will
increase significantly and this will
increase the voltage across R11 mak-
ing beth cathodes mare positive with
respect to ground than they were with
ng signal. The Space tone resulted
in about 1/2 ¥ appearing from the
Mark circuit on the grid of the Mark
triode (V3B). However, the cathode
valtage on ¥3B has increased thereby
cancelling the effect of the snall
Space wvoltage appearing on the Mark

across

when

are

a Mark tone is received,

triode V3B receives
the larger voltage and it (V¥3B) dis-
criminates against V3A. The net re-
sult is that the plate current in the
triode receiving the signal will be
about 10 md and the plate current in
the other triode will be about zero
mA.

B} The combination of R12 and %1
translate the varying plate current
from the two halves of ¥3 into loop
openings and closures. X1 is 2 polar-
ized (polar} relay such as the 255-
A. When current flows thry the wind-
ings in one direction, the armature
operates in one direction and when
current Flows thru the windings in
the other direction the armature
moves in the oppaesite direction. For
example, when a Space tane
ceived, current flows from B positive
thru the top half of the R12 inte the
plate of ¥3A and from 8 positive thru-
the bottom half of R12, up thru the
relay windings, and inte the plate
of V3A. This operates the armature
in one direction. When a Mark is re-
celved, the current flows From B po-
sitive down thru the bottem half of
R12 and into the plate of V3B; it al-
so flows from B positive up thru the
tophalf of R12, dewn thru the wind-
ings of K1, and inte the plate of
V3A. Begause the current is now flow-
ing down thru K1, the armature noves
in the opposite direction closing the
opposite contact. The armature of X1
and only one contact ara inserted in-
te the local loop. Therefore, when
the armature of K! is operated in one
direction the loop is closed,
when operated in the other direction
the loop is open. By operating switch
31, either relay contact cam be used
te close the loop. This permits in-
terchanging Mark and Space in case
the signal being received is Yupside-
down",

grid. When
the  Mark

is re-

and

SOLID STATE Tis

An inconsistency exists, we said
that the diodes used to rectify the
outputs from the tone filters were
reversed in one of the circuits; thus
a positive voltage was present when
a Mark tone was received and & nega-
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ative voltage was generated when a
Space tome was received, In the cir-
cuit discussed, both tumed circuits
fed dicdes which were tonnected to
give positive output voltages. Why
the apparent discrepancy?

The answer goes something like
this: It is desired to have the loop
closed when a Mark is received and
to have it open when a Space is re-
ceived. When a pelar relay is used,
its direction of operation is sensi-
tive to the direction of the current
thru its windings. Therefore, if a
positive voltage (or current) is ap-
plied to one end of the coil, the re-
lay will close its contacts. If a
positive voltage (or current) is ap-
plied te the other end of the relay
¢oil, it will open its contacts. In
the circuit described as the Twin
City TU, the positive voltage fron
the Mark circuit is applied [after
amplification by V3A) to one end of
the relay coil. The positive voltage
from the Space circuit (after ampli-
cation theu V3B) is applied to the
other end of the relay coil. Thus the
Mark and Space signals are effective-
ly subtracted within the polar relay,
{Some subtraction occurs in the come
mon cathoede circuit of ¥3, but the
bulk of it is done in the relay).

If an MPN transistor is used to key
the output loop, it requires a posi-
tive wvoltage to turn it on and a
negative wvoltage to turn it off,
Therefore, the signal applied to the
base of the transistor must ba alter-
nating plus and minus. This can
be accomplished by sinply taking the
DC outputs from the Mark and Space
tuned circuits and subtracting thes.
The subtraction can be most easily
accomplished by reversing the diodes
connected to are of the tuned
cuits, and then simply adding the DC
signals. (Adding numbers of opposite
sign is the same as subtracting two
numbers of the same sign.)

Because silicen transistors will
turn off with no bias, the Mark sig-
nal alone could be used to operate
the loop keying transistor. However,
the transistor operation is better
if it is purposely turned offF, and,
especially if noise or fading are
present, it is better to use the dif-
ference between Mark and Space to

cir-

operate the output loop, rather than
either one alane.

A third way to develop the plus and
minus voltages is by means of a phase
locked loop {PLLY. The PLL iracks!
the incoming audio tonmes, and, while
doing so, it imternally develops 2
DC voltage whase polarity is depen-
dent upen the frequency of the tones—
this is done without dipdes.

The loop keyed by the TU must be
either on or off - no intermediate
state is permitted. With a polar re-
lay, the contacts are either open or
clased, so no problem exists. However
a transistor can exist in a partially
conducting state: thus a circuit
shuuld be interposed between the dio-
des or the output of the PLL and the
loop keying transistor to mzke a firm
decision as to whether a Mark or
Space is present so that the loep
keying transistor will either be on
or off. Such a "decision-making" cir-
cuit is called a comparator, Schmitt
trigger, ar "slicer."

Three TlUs are representative of
various degrees of complexity. Harry
Legler, WAPB, presented the F2 TU in
QST, 1973 January  25ff. It contains
only one transistor; the "diodes"
(bridge rectifiers) are oppositely
peled to give the subtracting action.
The 5T7-8 Irv Hoff, WEFFC {found else-
in this handbook, under the
title of Mainline article), uses op-
pesitely-poled diodes to subtract the
Mark-Space signals which are then run
thru a M"slicert.

Solid-state TU circuits complete
with parts values are given at the
end of this handbock,

SUNHARY

where

We have just described the spera-
tion of a simple TU and variations
required when a transistor is used
to key the loop in place of a polar
relay. Next we will describe some ad-
ditional circuitry which is desirable
when receiving signals that contain
QRN, ORM and QS8,

DESIRABLE COMPLEXITIES

The Twin Gity TU was described be-
cause its basic principals of opera-
tion are similar to those of more
complex units; i.e., the Twin LCity
TU contains the fundamental or "ab-

solutely” necessary circuits found
in any TU. It is a unit that can be
used with FSK or AFSK. It is a rela-
tively simple unit that will give ex-
cellent performance on reascnably
geod signals, but is net the best
performer when the going gets rough
(QRM, QRN, QSB).

We are not going to describe the
specific circuit medifications that
can be made to the Twin City TU, But,
instead, we are going te point out
some of the reasons why a basic unit
such as this may not perform well un-
der poor conditions, The possible so-
lutions to be described have been in-
corporated into many other units.

THE LIMITER

We discussed the limiter and indicat-
ed that its purpose is to present a
signal of constant ctrength to the
remainder of the unit essentially in-
dependent of the audio signal being
supplied to the TU by the receiver.
This is a desirable situation because
at some point within the TU a deci-
sion must be made as to whether a
Mark or Space is being received so
that the loop being contralled by the
TU can be closed or opened, respecti-
vely. The decision-making process is
unifern when a signal of uniform
strength is presented, The limiter
not only presents a wniform strength
audio signal independent of "volume
cantrol" setting on the receiver, but
it also corrects for one tone being
lauder than the other; this can re-
sult from many causes including the

frequency respense characteristics
of the receiver,
Se far, the limiter does nothing

but good; however, what happens when
a noisy signal is being received?

In order to gain some insight into
the answer to this gquestion, digress
for a moment. Frequency-shift keying,
be it carrier frequency shift keying
(FSK) or audio frequency shift keying
(AFSK) is a form of frequency modula-
tion. The "better" FH receivers nor-
mally use two or more limiters before
the detector stage. With FM recei-
vers, when tWwo signals are prasent
simultaneously, the louder or strang-
er of the two signals "captures" the
receiver and will almest totally sup-
press the weaker signal unless the
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two signals are very nearly the sape
strength, If a signal and noise are
present simultanecusly, they can beth
be thought of as signals and which-
aver 1is stronger will capture the
other, The net result is that when
working with FM signals (RTTY, voice,
or music) the desired signal is ei-
ther there and of good quality or not
there at all, This is because when
the signal 1is stronger than the
neise, the limiters tend to suppress
the noisejwhen the neise is stronger,
the Llimiters tend to suppress the
signal. (The seo-called "noise-free!
characteristics of FK have led to two
conmon fallacies: 1) FH is noise free
and 2) FM is better than AN. Actual-
ly: 1) When an FM signal is strong
it swings, and 2) When the going is
rough, AW is better than FM,)

How back to the TU. S0 long as the
noise is less than the signal, the
limiters do their job of equalizing
levels, and in addition, tend to sup-
press noise, However, when a signal
gets noisy, the limiters tend to sup-
press the signal irm favor of the
noise! The obviocus seolution appears
to be that the limiters should be
dispensed with, In general,this isg
net the answer, although it does,
upon occasion, have benefits; i.e.,
"linmiterless" or "AM" gperation of
the TT/L-2.

& large improvement can be gained
by reducing the noise before it gets
to the limiters, This can be acconm-
plished by using a bandpass Filter
before the limiters, -

The information in a RITY signal
is contained in a small band of fre-
quencies centered arcund the Mark and
Space frequenties. The interfering
noise is spread over the whole band-
pass of the receiver. (The actual
spectrun of noise is dependent upon
its source, the type of detector in
the receiver, and the audio bandpass
of the receiver.) For example, assume
a typical "wide-shift" RTTY signal
is being received in the presence of
"white noise." The RITY signal as it
appears from the receiver will occupy
approximately, a bandwidth from 2125
to 2975 Hz (a2 bit wider because of
keying rate and waveshape}. The naise
will occupy the Freguency spectrum
from, perhaps, 300 y,, to 3300 Hz.

If a bandpass Filter is placed be-
tween the receiver and the TU, and
its bandwidth is adjusted to be just
wide enough to pass the RTTY signal,
the noise getting into the TU will
be reduced by a factor of four times!
Generally, the inmprovement is even
better because the noise coming from
the receiver tends to be very strong
at the lower audic frequencies and
relatively weak at the higher fre-
yuencies where the RTTY tenes are lo-
cated, The limiter is not frequency
dependent. Therefore, by eliminating
the wvery strong low frequency noise
components a great increase in re-
ceiving performance is gained. Inci-
dentally, a major argument in faver
of "narrow-shift" has just been made!

LOW PASS FILTER

The signal in the receiving loop
is supposed to consist of on and off
pulses of 22 millisecond duratien,
minimum, When noise is present, the
loop may open and close erratically
at intervals of less than 22 ms; this
can "junk" copy. The effect of noise
can be reduced by somehow restricting
the speed at which the loop can open
and clese {change from M to § to M}.
This can be accomplished by placing
a low pass filter between the dstec—
tor {in the TU) and the loap keyer.
In the case of the Twin City TU des-
cribed, it would go somewhere between
the wutputs of the voltage doubler
rectifiers and the polarized relay.

LOOP KEYER

The output loop should be either
open or closed [S or M} and nothing
in between. When it is opened, the
current in the loop should decay
rapidly, and when 1t is c¢losed, the
current should build up very rapidly.
{Preferably 1 ms or less). This prob-
lem will be discussed later.

The Twin City TU contains a pola-
rized relay that keys the output
loop. The relay contacts are either
open or clesed, thus meeting the ¢ri-
terion that no Mhalf-way" state
exist. So long as the power supply
feeding the loep is at least 130
voelts and so leng as there are not
too many selectors in the laop (2 is
enough}, the current rise time will

be satisfactory. Therefore, the out-
put loop is indeed theoretically very
good. MHowever, it does have three
drawbacks: 1)The polarized relay is
a2 precision device and must be care-
fully amd accurately adjusted (An I-
193C test set will de this), 2) The
contacts on the relay may generate
neise that is difficult to eliminate,
and 3)Some people just hate polar
relays {prejudice}.

The relay can be replaced with de-
vices such as vacuum tubes or tran-
sistors, but when this is dene twe
criteria must be met: 1. Only two
states must exist in the output loop,
on and off, and 2. The current rise
and fall times must be short: 1.e.,1
ms or less.

The second criterion is easy to
meet. One method is to use at least
a 130 velt loep power supply (and a
transistor that is capable of working
at 130 V or higher]. A better, but
mare complex, solution is teo use a
"constant current mode" device or de-
vices to key the loop,

The first criterion has to be con-
sidered because wvacuum tubes or
transistors can operate in a partial-
ly conducting state. A relatively
simple Way te meet this criterion is
to place an glectronic "switch" im-
nediately preceding the output de-
vice. lsually, a Schmitt trigger is
used, It is a circuit whose output
is either "on" or M"off" although the
signal applied to its input may hawve
any value.

SUNNARY

Three basic improvements can be
made Lo the TU described.
They are, in order of decreasing im-
portance: 1, A bandpass Filter placed
befere the limiter in order to reduce
the amount of neise appearing at the
limiter. 2. A low pass filter placed
after the detector and before the out
put keyer; the filter reduces rapid
opening and closing of the loop when
noise is present, and 3.} An electro-
nic loop keyer to replace the pola-
rized relay; ths keyer must include
a switch before it and the keyer must
have the right time constants.

"basigh
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EQUIPNENT INTER CONNECTION

In order to discuss FSK generation
and FSK keyers, it is necessary to
give the basic station operating de-
tails and the method of interconmec—
tion of the various pieces af station
gear.

OPERATING ARRAGNEMENTS

There are twoe basic ways to inter-
connect the equipment and to operate
a statien: 1} Connect the output of
the receiver to a terminal unit (TU)

and connect the ocutput of the TU to
the printer. Cennect the keyboard to
a keyer and connect the output of the
keyer to the transmitter, 2) Conpect
the owtput of the receiver to the in-
put of the TU and connect the putput
of the TU to the printer and the key-
board. Cennect the keyer input inte
the loop centaining the keyboard, the
TU, znd the printer, and connect the
keyer output to the transmitter.

In arrangement #1, the messaqe
being sent is printed locally by
leaving the receiver on and tuning
it to the transmitter. This arcrange-

ideal when running AFSK on
VHF FH becawse FM receivers are nor-
mally not muted while transmitting
and the receiver doesn't overload.
The "local™ copy is obtained "of f the
air" and thus serves as a good check
that something is really being sent.
The arrangement might create problens
with VYHF &M because the receiver
might get unhappy with the strang
signal. Also, if the transmitter and
two different fre-
re-tuning the

ment is

receiver are aon
quencies, it requires
receiver,

In arrangement #2, the receiver is
muted while transmitting. Lecal copy
is obtained directly from the key-
board because the keyboard and
grinter are in the sape loop. The re-
ceiver does nothing but receive the
other station, so0 it can be left
tuned to the frequency. The major ob-
jection to this arrangement is that
since copy is fram the transmitting
loop and not from "off the air", you
have no really good check that the
transmitted signal is really being
transmitted. (We have many times
copied ten minutes of steady MWark be-
cause someche was making local loop
copy, but never connected the local
loop inta the transmitter!)

RECEIVING EQUIPNENT IMTERCONNECTIOM

Next, let's look at the actual in-
terconnection of the station equip-
ment. For either arrangement #1 or
#2, the audie output of the receiver
is connected to the input of the TU;
this interconnection merely feeds the
audic tomes coming out of the re-
ceiver into the TU. The receiver out-
put can be cohtained from the loud-
speaker terminals or from 2 headphane
jack. It is nice to have the loud-
speaker operating because listening
to the tones can signal (to the oper-
ater) when something has gone wrong
{like QRM). However, the constant
audio tones car sometimes make one
ready fer the "funny fara" after an
hour or so of listening (XYLs are

especiaily annoyed by the tones).
Also, the loudspeaker tends to act
as (like)} a microphene and it ecan

pick up enough noise from the printer
to "junk®™ copy.
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For either arrangement #1 or #2,
the output of the TU is connected
inte a series loop composed of a 130-
volt {or higher} dc power supply, a
variable resistor, and the selector
nagnets, The TU opens and closes the
Yoop. Some TUs built in {TT/L-2, ST-
5, $T-6) and others require a sepa-
rate loop supply {C¥-89}, Obviously,
if the d¢ loop supply is built inte
the TU, you merely connect the selec-
tor magnets to the TU. For most tele-
printers, the selector magnets
quire B0 mA during a steady Mark. The
current can be adjusted by means of
a series rheostat (2 to &K, 25M) or
by wvarying the screen voltage on the
sutput tubes. If arrangemznt #2 is
used, the keyboard contacts are also
included in the loop [in series with
the printer, TU, and power supplyl,
and the keyer must somehow be connec-
ted into the loop. (Units like the
TT/L-2, ST-5, and S5T-5 have a jack
for extracting a voltage for eper-
ating the keyer.)

With the arrangements described,
it should be possible to copy signals
regardless of whether you can or want
Also, the arrangements
independent of whether you want
to receive AFSK or FSK., In either
case, the receiver nust provide at
its output an AFEK signal having the
frequencies required by the TU,

reg=

to transmit,
are

TRANSHITTING EQUIPHENY
INTERCONNECTION

For transmittingsthe options bacome
nunerous depending upon whether you
want to transmit AFSK, indirect FSK
{AFSK inte an SSB transmitter), or
direct FS5K and depending upon whether
the keyer is te be operated directly
from a keyboard [arrangement #l) or
indirectly from a TU{arrangement #2).

Taeke the latter pair of options
first. With arrangenent #1, the keyer
is operated directly from a keyboard;
that 1is, the keyboard is connected
directly to the keyer input and no-
where else, Arrangement #2 requires
that the keyer get its input signal
From the TU {a terminal or jack must
te available within the TU to provide
the necessary keying wvoltage), The
input cireuit of the keyer [be it

AFSK or F5K} 1s ditterent depending
upen whether it was designed for di-
rect operation from a keyboard or in-
direct operation from a TH.

fssume that you want to transmit
AFSK. Connect the cutput aof the key-
er to the audio input {microphone in-
put) of the FM o~ DSB AM transmitter.
When something is "typed" on the key-
board, the keyer output will contain

an audio signal with a warbling
{tweedling), characteristic. When
nothing is being '"typed", a steady

audio tone should appear at the keyer
output,

If indirect FSK is to be transmit-
ted, connect the audio cutput of an
AFSK keyer to the microphone input
of 2 single sideband transmitter. You
must be careful to make sure that the
SSE transmitter has adequate carrier
and unwanted sideband suppression.
The keyer must not overdrive the 53B
transmitter. The keyer must have an
audie output free~harmonigs, Don't
burn up the transmitter {or its power
supply); you constant
audio into the transmitter.

If indirect FSK is to be obtained
by applying AFSK to an S53B trans-
ceiver, the comments applying te an
SSB transmitter also apply. Only
arrangement #2 can be used. In addi-
tion, a frequency offset might give
troubles.

are running

R

"True Transceive FSK operating with
the $B102 (and other 558 rigs)

Ken Ridout, WHSFHF

The main problem in using FSK with
a sideband transceiver is that you
cannot  vary the transmitting fre-
quency without also wvarying the re-
teiving frequency. Whenever you re-
tune the transceiver to obtain proper
mark and space tones for reception,
you are also meving the transmitting
frequency. The station that you are
in Q30 with has to retune his rig in
order to receive your transmission.

This has been called M"leap-Frogging".

The solution te this problem is to
vary the transgeivers output Ffre-
quency while the recelver
portion statienary. A person can use

leaving

one of the AFSK units and do slight
modification to his rig to allow
these standard tones to pass, There

is a iimpler way to do this without
any moedifications to the rig.

My rig is the Heathkit "S$B102". The
LMO{VFO) of this rig has one terminal
on it, that, whenm grounded gives a
shift of approximately 1000 Hz. The
amount of the shift may be varied by
adding resistance between terminal
and ground. 1 wuse a mercury wetted
relay te key this connection. The
toil of the relay is connected to the
common and normally open contacts of
the keyboard, and voltage is supplied
by a six velt battery.

Now all you is a carrier to
shift. To get this carrier 1 use a
small audio generator [model TS 382).
Connect the generator output
through a small natching transformer

need

audio

to the mike jack of the transceiver,
By varying the audic input frequency,
the transceiver's output carrier fre-
quency is varied.

By using ancother receiver, you can
tume in a station om it and the
transceiver, key the transceiver in
upper side band into a dummy load,
and adjust the frequency of the audio
generater until your rig matches the
other stations mark tone.

After adjustment of the
audic oscillater, whenever you tune
in a F3K signal with the transceiver,
your transmitted signal will match
the other stations frequency. The re-
sult i1s true transceive operation.

To transmit, I move the function
switch from P_T.T. to Yox. Then the
audie tone keys the rig.

To get FSK operation, key the 3B-
102 L.M.0. as described. With other
transceivers, you can use une of the
apglicable ¥FO keying circuits.

initial

e ek

If direct FSK is to be employed,
an FSK keyer must be built inte the
transmitter. {Some come with the key-
er built in.) The FSK keyer is con-
nected to the oscillater circult inm
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the transmitter or VFO. Two different
{although similar) circuits are used
depending upon whether the keyer is
to be operated directly by the key-
board {arrangement #1) or indirectly
from the keyboard via the TU(arrange-
ment #2).

SUMMARY

There are two basic ways to operate
a RTTY station. Arrangement #1 makes
local copy by actually copying the
signal transmitted, The receiver is
not muted while transmitting. The re-
ceiver is connected to the TU which
is connected to the printer. The
teleprinter 1s 'Ysplit", The keyboard
is connected to the keyer which is
tennected to the transmitter.Arrange-
ment #2 makes local copy by cepying
directly from the keyboard. The re-
ceiver is nmuted during transmission.
The receiver is connected to the TU.
The keyboard, printer, and keyer are
connected to the TU output. The keyer
is connected to the transmitter. The
input circuit of the keyer [and to
some extent, the keyer itself) is
different depending upon whether
arrangement #1 of #2 is to be used,
For AFSK, an external AFSK keyer is
used with an FM or DSB AM transmit-
ter. For indirect FSK an external
AFSK keyer is used with an 588 trans-
mitter. For direct FSK, an FSK keyer
is built into the tranmsmitter.

GENERATING AN FSK SIGHAL

We have described the basic equip-
ment necessary for
transmitting a RTTY signal. Now, we
will go into the details of how an
F3K signal is generated.

There are two ways to generate an
FSK signal;

&) Indirect FSK is obtained by
applying an AFSK sigmal to the
audie input of an 55B tramsmit-
ter,

B) Direct FSK is generated by
modifying the oscillater cir-
cuit of a tramsmitter or VFO
so that its frequency can be
shifted by the signal from a
keyboard.

interconnection

A. Indirect FSK

An AFSK signal consists of cone of
two audie tones; e.g. a 2125 Hz tene
exists when a Mark 1s sent and a 2295
Hz tone exists when a Space tone is
sent. If the Mark tone (2125 Hz) were
applied to 2z DSB AM transmitter, the

output from the transmitter would
consist of three frequencies, the
carrier, the carrier plus 2125 Hx

{the upper side frequency), and the
carrier minus 2125 Hz {the lower side
frequency). If the Space tone {2295
Hz) were applied to the tramsmitter
audio input, the output would consist
of the carrier, the carrier plus 2295
Hz {the wupper side frequency), and
the carrier ainus 2205 Hz {the lower
side frequency}. IF the tones were
applied alternately (a Teletype sig-
nal}, the transmitter output would
contain the carrier, an upper side-
band (carrier plus 2125 Hz and car-
rier plus 2295 Hz,},and a lower side-
sideband {carrier minus 2125 Hz and
carcier minus 2295 Hz). If the car-
rier and the upper sideband were
somehow deleted (LSB,588)}, the only
signal left would be twe frequencies
- the carrier minus 2125 Hz and the

carrier minus 2295 Hz - this is an
FSK signal {including the proper
Usepse'),

B. Direct FSK

The output from a CW transmitter
consists of a single frequercy. The
cutput frequency can be shifted down-
ward by applying 2 small capacitance
{ 3 pF) across the tuned circuit
in the oscillator {usually from the
oscillator tube cathode to ground}.
If the small capacitor can be con-
nected and disconnected according to
the Spaces and Marks, respectively,
in a RTTY signal, then an F3K signal
is generated. The most difficult pro-
blem with direct FSK generatien 1is
the requirement to shift a small! ca-
pacitance in and out of a radio fre-
quency circuit, Although it would ap-
pear that the small capacitor could
be simply placed in series. with the
keyboard contacts and the combination
placed from cathode to ground in the
oscillator cirguit, this arrangement
would not work because the capaci-

tance assoclated with the keybeoard
contacts and the leads from the key-
board to the oscillatar would contain
far too much capacitance. Alss, the
RF in the leads to the keyboard would
cause problems. In additien, the key-
ing would be "upside down" because
the capacitor is to be added when the
contacts are open (Spacel.
therefore, the capacitor
switched by "remote controel,
were, The actual circuit used depends
upon whether 1} The F5K signal is to
be actuated directiy from a keyboard
or 2) From a voltage developed in a
loop associated with a Tu. {Preceed-
ing this, these were refarred to as
arrangements #1 and #2,respactively,)

must he
as it

DIRECT FSK FROM A KEYBOARD

In Figure 1 is shown the circuit
ko be added inside the YFQ or the
transmitter. The basic theory of op-
eration it that when the diede is not
conducting {Mark), the entire circuit
is assumed to not be present and the
oscillator operates at its nominal
frequency, When the diode is conduct-
ing (Space), the series cambinatien
of C1 and €2 is placed across the os-
cillator circuit and the frequency
of oscillation is shifted downward.
The radio frequency chokes (RFC1 and
RFC2) isolate the diode D biasing
nefwaork from the diede and its capa-
citors {C1 and £2}.

When the keyboard contacts are
closed (Mark), the top end of the di-
ode is DC grounded and the lower end
of the diede has approximately plus
8 volts on it due to the dividing
action of RZ and R3. Therefore, the
diode is reverse biased and does not
conductythus effectively removing the
capaciters (C1 and (2} from the cir-
cuit.

When the keyboard contacts are open
(Space), plus 105 volts DG is applied
ta the upper end of the diode via R1
and plus 8§ volts is applied to the
lower end of the diode due to the
dividing action of R2Z and R3. Thus
the diede conducts and effectively
connects C1 and C2 to the oscillater,
lowering its frequency. The amount
of shift is determined by the setting
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of C2.

There are several netes of caution
that should be observed with the di-
rect FSK
these cautions also apply to the cir-
cuit te be described later, The cir-
tuit contains radio frequency energy.
Therefore, the actual parts and their
placement are important., Cl and 2,
and the diode should be mounted as
close to

cirguit  just described;

the oscillator cathode as
8oth RFC! and RFC2
have low internal capacitance and low
capacitance to surrounding objects.
RFCZ shunts C2, and if the capaci-
tance from RFC2 is too high it will
result in a shift that is toe wide
and €2 will The
resistors should be mounted away from
the diede and ! and C2, RFC1 and
RFC2 are to be physically located be-
tween the two portions of the circuit
and as far from the chassis and chas-
sis bottom plate as pessible. The by-
pass capaciter, €3, is used to keep
the oscillater RF out of the key-
board and any RF from the transmitter
output from getting back inte the VFO
via the keyboard leads. C3 should be
mounted at the point where the lead
the keyboard enters the WFQ/
transmitter  ehassis/cabinet. For
example, if a jack is mounted on the
chassis (to permit disconnecting the
keyboard from the YFQ/transmitter),
the 0.001 UF bypass (C3) should be
mounted an the jack. Also, there
should be nothing within the tele-
printer cannected across the keyboard
contacts: all filters, capacitors,
etc,, must be removed. The only thing
connected across the kevyboard con-
tacts is to be 03, and that 1s to be
located as indicated above.

possible. must

become ineffective.

from

DIREET FSK FROM A TU

In terminal units such as the TT/
L-2, ST-5, and 5T-6, a keying voltage
is provided. {Remember that we are

now talking about arrangement #2
where the printer and keyboard are
in the same loop along with the TU

and the loop power supply. Local copy
is made directly from that loop. The
received is disabled during transmis-
sion.] Within the TU's a circuit is
provided that
rent; when a Space is present, a po-
voltage of about &0 volts

samples the laop cur-

sitive

on the FSX terminal; when a
Wark is present, a negative valtage
of about 40 volts {The
method for obtaining the voltage will
be given later. '

Figure Z shows a typical direct FSK
circuit for use with a TU providing
a keying voltage, When the TU loop
is in Mark, the voltage applied to
the keyer 1is wminus 40 volts, the
diode is reversed biased, and C2 is
disconnected from the oscillater cat-

appears

15 present.

hede circuit, thus giving the normal
carrier frequency. When the YU loop
is in Space, the voltage applied to
the kever is plus &0 wolts, the diode
conducts, thus connecting the vapaci-
tor G2 across the oscillater circuit
and lowering the frequency.

The comments made previously about
care in mounting the components with-
in the VYFO/transmitter apply equally
well to the circuit in Figure 2. Make
sure that €3 is across the lead com-
ing from the TU at the peoint where
the lead enters the VFO/transmitter
chassis. (Mote: an inverting circuit
must also be used with the circuit
in figure 2 to give normal space high,
mark low cperation).

ADDITIONAL DIRECT FSK NGTES

In both circuits given, the amount
of shift is dependent upen the capa-
citance switched in and out by the

< REC,
pro i
O,g:uulrmté I
Carwons
£
IVEVO

dicde. Some capacitance is added just

adding the components.
if the WFO was precisely
calibrated before the FSK circuit was
added, 1its calibratien will row be
of £, The width of the shift is depen-
dent upon the capacitors added as
well as by the strays added. The
shift can be varied by wvarying the
variable capaciter, C2. If only one
shift is to be used and only on
band, C2 can be set once and forgot-
ten. If variable shift is desired,
C2 will have to be changed.

If the ¥FOQ is followed by a multi-
plier on some bands, the shift will
change with the multiplication. This
will necessitate readjusting C2.

If many different shifts are de-
sired or required, they can be ob-
tained by placimg a potentiometer in
the shifting circuit to contrel the
amount of dc in the diode during
Space, thus controlling the conduc-
tivity of the diede. The dicde does

simply by
Therefare,

ane

net fully coenduct when a Space is
sent, the amount of capacitance
suitched in is not the full amount
available and thus the frequency
shift is less than the maximun
amount. Alse, by wusing a rotary
switch, and several pots, each pot

can be set fer the desired amount of

ESA VorrAeL
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shift for a given band, etec., and
just the switch is aperated to select
the shift desired.

The circuits given in Figures 1 and
2 turn the dicde fully on and off -
a method that appears te be much less
eritical of diode characteristics and
temperature than does the partially-
conducting shift pot.method.

Because the FSK circuit (Figures
1 er 2) is to be added inside a
transmitter/VFO, the components might
not be the exact values required. The
following bibliography lists inferm-
appearing in the RYIY Journal
For specific transmitters.

ation

Transoitter FSK Inforpatiom Appearing

in the RITY Journal from 1946 thru
1974:
Central Electronics 100¥, 200V: 1968

FEB p. 3-5,
JAN p. 14,
Colling 32¥: 1964 SEP p. 10-11, 1966

JUN p. 2-8, 1969 MAY p. 5-G.
KWwH-2: 1867 OCT p. 3-7.
KWs-t: 1972 FEB p. 13.
§ line/KWM-2: 1965 JUN p. 8.

1968 MAR p. 2, 1969

32-S1 & KWH-2: 1965 AUG p. 6-7, 1965
DEC p. 13.
Drake T&X: 1868 MAY ¢. 3, 1970 OCT

p. 2, 48, 1970 DEC p. 9, 1971 APR p.9

Hallicrafters HT32A: 1965 FEB p. B-
10, 1666 JAN p. 12-13, JUN p. 2-
8.

MT 44: 1966 FEB p. 2-3.

Heath DX-60A: 1968 NOV p. 7 (reprint

1972 NOY p. 9, 16), 1971 MAY .
13-14 DX 80 B
HW-16: 1967 DEC p. 2-3.
Harauder: 1970 JUN o. 13-14.
SB series:; 1972 OCT p. 2-3, 1973 DEC
p. 17.
SB-101: 1972 OCT 1. 4-9.
58-200, SB 10Z: 196G APR p. 8.
SB-400: 1964 DEC .p, 12-13, 19565 MAY

p. 13, 1966 JUN p. 2-8.
$B-401; 1970 FE8 p. 7, l&.
Johnson Invader 200: 1972 APR p. 15-
16.
Ranger, Navigator, Valiant:
p. 4=-7. Kenwood
Wilitary ART-13: 1965 JUN p. &-6.
BG-221 §: 1966 JUW p. 3.

1468 JAN

Swan 240 - 350: 1968 APR p. 7, 1968
OCT p. 1B, 1969 JAN p. &, 1971 MR
pp. 2, 13.

General Information: 1964 NOV p. 7,
1965 FEB p. 8-10, 1965 OCY p. 8-
11, 1967 FEB p., 3-4, 1967 SEP p.

12, 1961 DEC p. 4&-7, 14, 16, 1968

FEB p. 6-7, 20, 1968 APR p. 13,
KAY p. 13-14.

Central Electranics 100¥ & 200%: 1973
JuL-aug p. 7.

Drake 4B: 1974 NOV p. 20,

Heath DXG0B: 1873 SEP p. 3-5.

Heath S$B-102: 1973 HAR p. 12, 1973

APR p. 10, 1973 SEP p. G, 1973 DEC
p. 1%,

Kerwood R-599: 1973 SEP p. 7. 13,
1974 MAR p. 5-6.

15-900: 1974 NOV p. 15,
LOOP SUPPLIES AHD KEYING VOLTAGES

In the last two parts we have been
discussing methods of keying a trans-

mitter. ln what was called arrange-
ment #2, it was necessary to obtain
from a loop the wvoltages used to

operate the keyer {FSK or AFSK), Now,
we Will discuss the circuit used in
such units as the TT/L-2, ST-5, and
5T-6 to obtain {or provide) the
necessary keying voltages. We will
also discuss loop power supplies in

general in order to define the re-
quirements for 2 loop supply and we
will give a typical circuit for a

loop supply.
LOOP SUPPLIES

requirement for a loop
130 to 260 wvolts de. It
must be capable of centinuously sup-
plying that veltage at 60 mA. There
is no real upper or lower limikt to
the supply veltage. Below 130 V, time
constants in the loop might become
troublesome, Above 260 ¥, the wvolt-
ages start becoming rather hazardous.
(Even 130 volts can be lethal, but
the danger

The basic
supply is

increases as the voltage
increases.) YReal" telegraph
usually work at 280 volts.

The reason that the woltage, per
se, s not too important is that the
loop is made to operate at a specific
usually BOmA. Therefore,
supply is built and
ating, you place resistance in series
with the loop to set the current at

loops

current,

ance the oper-—

loops at

the desired level. The higher the
voltage, the higher the resistance
required and the more power “wasted"
in the series However,
because of time constant preblems,
the more power waskted in the resis-
tance, the better the loop character-
istics!

If you have more than one leep, you
can use two different approaches to
supplying thenm.

1] Build a separate power supply for
each loop, or 2)
that

resistance.

Build one supply
is large enough te handle all
oence. The advantage to
several "small" loop supplies is that
they can be "fleated" {isolated or
not grounded) and this can be used
te advantage for keying other loaps,
etc. {to De described later). The
approach used here was to build one
big supply {130 ¥, 1 A}, ground the
negative terminal, and run whatever
is cdesired from it.

If you intend to build a TU such
as the S$T-5 or S$T-6, you can buy the

power supply components for it now
and build a loop supply. Later, you
can cannibalize it and reuse the
parts in the complete TU, This is a
very economical approach. See; "Main-
line ST-5" article by Irvin Hoff,
WBFFC,

Aiac X
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If you want te build one from
scratch, you might try the cireuit
shown in Figure 1. Basically, it is
a simple full-wave bridge rectified
input filter-
simple

supply with capacitor
ing. The
isolatignn advan—
tage of using am isolation transform-
er 1s that it can always be used for
its original purpese if you no langer
Want it for a loop supply. Suitable
type numbers are: Allied BK112HF,
6K3IBVCP;  Essex  (Stancor) P-6410;
TriadN-51X, MN-68X. These are all 35
or 50 VA transformers. Many are
available in higher power (VA) rat-
ings.

For the rectifiers, the old standby
INAGOS is an excellent choice. If you
want a bridge assembly (ail four di-
odes in one blob), try the Moterola
HEP177 (280 Vrms, IA), Mallory FH-600
(600 PRY, 28), or the International
Rectifier 180B4A (282 VYrms, 1.8R).

transformer is a
transformer. The

If you use one of the transformers
listed {or a higher YA rating trans-
former), you should use capacitor-
input filtering as shown. For the in-
put capaciter, Cl1, try 20 uF or
higher at 200 or 250 Vdc. The capaci-
tor size will control the outpat
voltage. For the output filter, C2,
use something in the 300 uF range,
or higher. We have used the Mallory
HC20005 (500 wF, 200 V). The Sprague
142F2008C {1400 oF, 200 V) will work
nicely.

For L1, a 2H choke rated at 60 nd
ot higher should be used. The Allied
BX19HF, Essex (Stancor) (2325, or the
Triad C-21% should be adequate; they
are rated at 200 mA dc or higher.

You can try using an old TY set
power transformer, Unfortunately,they
are usually rated at voltages a
little higher than really desired.
By using one in a conventional full-
wave, centertapped circuit with a
choke input filter, it might be pos—
sible to get the voltage low enough
to be suitable. If you use z choke-
input filter, make sure that there
is a load across the output at all
times {a bleeder) because the output
voltage tends to get quite high under
no load, A simple wire wound resistor

drawing 10 te 20 mA should be suit-

able.
KEYIRG VOLTAGE FRON A& LOOP

In the twe previous installments
of this series we described two dif-

ferent  operating philosophies or
equipment arrangements. In arrange-
ment #2, the output of the TU was

placed in a loop containing the key-
board, the selector magnets, the loop
supply, and a current limiting or
adjusting resistor.When transmitting,
the receiver is muted. When "typing"
on the keyboard, the printer gives
copy "direct" from the keyboard. The
keyer [FSK aor AFSK) is operated from
this loop.

The means of obtaining the keying
voltage from the loop is shown in
Figure 2. A 170 volt dc power supply
is connected in series with the key-
board, the selector magnets, the out-
put device in the TU {indicated by
an X}, and a current limiting resis-
tor {2750 chms). When the loop is
closed (Mark), point C is nearly at
ground potential and peint & is at
about - 170 wolts. The nmidpsint of
the two 15K resistors, point B, is
at abeut - 60 volts, and point D is
at about - 40 volts. When the losop
is opened {Space) by either opening
the keybeard contacts or by the Tu,
point A is at nearly ground potential
and poeint C is at about plus 170
volts, Therefare, point B is at plus
60 volts, and point D is at about
plus 40 volts,

The - 40 wolts at peint 0 during
Hark and the plus 40 volts at point
D during a Space is supplied to the
keyer (For example, in FSK keyer giv-
en in Figure 2} and the keyer thus
keys accarding to the Marks and
Spaces in the loop.

GEARS AND THINGS

Unlike the cods used for hand-keyed
telegraphy with its wvariable-length
characters, the Murray code used with
amateur printing telegraphy(Teletype)
has a fixed-length format; i.e., all
characters be they the letter E ar
the letter Y, are of the same length.
This fixed-length format is related
to operating
chines.

speeds within the ma-

Teleprinters, when arranged to com-
nunicate with each other, are con-
nected in a series circuit called a
loop. That is, the keyboard contacts
and the selector magnets are in se-
ries. Power is supplied to this se-
ries circuit by means of a dc power
supply of at least 130 volts. A re-
sistor is inserted into the loop to
limit the current to 60 nb.

A character is sent by depressing
a key on the keyboard. When the key
is depressed, contacts within the ma-
chine open and close im a predeter-
mined pattern at a fixed rate.

The actual
of five time
the circuit is either open or closed.
The condition when no current is
flowing ({contacts open) is referced
to as a Space (5}, When current is
flewing, it is called a Mark [M}.
Each M er S is approximately 22 mil-

character is composed

intervals during which

liseconds (ms) long. Each character
is preceded by a Space, called the
Start pulse. Each character is fol-
lowed by a Mark, called the Stop
pulse.

With Bell System machines running
at so called "860 Speed", the Stop

pulse is 31 ms long. The Start pulse
and the five character elements are
22 ms long. Therefore, it takes 163
ms for =zvery character. & "word" is
defined as % characters and a charac-
ter space. Therefore, it takes &
times 163 ms or 978 ms(D.978 seconds}
for ane word. The number of words per
minute is B0 (1 minute equals 60
seconds) divided by 0.978 which
equals approximately 61.3 words per
minute (WPM). Therefore, a Bell Sys-
tem teleprinter operating akt its
maximum speed will print 61.3 words
per minute; this is called "§0 Speed"
operation,

With Western Union machines, the
code is the same as For Bell System
nachines (the only difference being
that the apostrophe and bell are
interchanged}. However, the Stop
pulse is only 22 ms long with a Wes-
tern Union machine {(vs. 31 ms with
a Bell System machine). Therefore,
a W.U. machine character takes 7
times 22 ns equals 154 ms. A word
takes B times 154 ms equals 924 ns
or 0.924 seconds. Dividing B0 [sec-
onds per minute) by 0.924 gives 65
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words per ninute.

In spite of the different operating
speeds in words per minute, the two
machines are perfectly compatible.

The mext item to consider is the
speed at which various things within
a teleprinter operate.

. In the U.S., commercial ac power
is generated at exactly 60 Hz. There-

fore, an 1800 RPM synchroncus motor
will operate at exactly 1800 RPH.
Ditte fer a 3600 RPM synchronous
notor,

Recause the transmitting shaft (the
keyboard shaft}, the receiving shaft
(the selector shaft}, and the metor
are geared, they must always revolve
at constant relative speeds. S¢ long
as a synchronous motor is used, they
also rotate at constant absclute
speeds. Because gears nmust have an
integral (whole} number of teeth,
only certain speed ratios are al-
lowed. One revolution on the trans-
nitting (keyboard) shaft corresponds
to one character. If you 1ift the
lock loop on the transmitting shaft
or depress the repeat key, the ma-
chine will continuously transmit a
character at machine speed. On 2 8ell
System machine, one character takes
approximately 0,163 seconds; there-
fore, the transmitting shaft should
rotate at 170,163 revolutians per
second or 60/0.163 RPM which equals
368.1 RPM. Assuming that the motor
is a synchronous motor operating at
1800 RPM, the gear ratio from the mo-
tor to the transmitting shaft must
be close to 1800/36B.1. The closest
integral ratio is 1800/367.5 which
is 30/7 times 24f21; 367.5 RPM is
367.5 characters/minute which equals
exactly 61.25 WPH. (The reason for
a double ratic such as 30/7 times 24/
21 will be explained later; it is re-
lated te the mechanical poewer train
sequence Within a machine.)

On the Western Unien machines, the
ratio desired is 60/0.15¢ or 389.61
RPH. The closest gear ratio te 1800/
389,61 is 30/7 times 13/12. There-
fore, with a motor speed fixed at
1800 RPH exactly, the transmitting
shaft will revolve at 387.6923077 RPM
which will give a speed of 387.692307
characters/minute or 64.61528 WPM or
Mark and Space time intervals of
22.10884 nms.

When receiving a RITY signal, the
receiving shaft operates comtinu-
ously. However, the "deceding™ mecha-
nism on that shaft does not run until
the Start pulse is received; the
mechanism on the receiving shaft then
rotates until the code elements have
been received. Because the receiving
cam does not have to rotate for the
entire character interval, but only
during the start pulse and the five
intervals that contain the character
code, the receiving shaft can run
faster than the transmitting shaft,

There is a subtlety invalved here.
If the two machines are not running
at exactly the same speed, then the
receiving shafts must run faster than
the transmitting shafts, If they did
not, the receiving machine that was
running slower wWould fall behind.
Machines had to be designed to run
at slightly different speeds because
when the machines were first designed
and built, governor—controlled motors
had to be used because either only
dc power was commercially available
or the commercially available ac
power was not frequency stable. (This
leads into a long, perhaps, inter-
esting, discussion about electric
clecks, synchrenous converters, con-
stant voltage transformers, etc.)
Also, if machines are operating at
exactly the same speeds, and the
transmitting and receiving shafts are
also operating at the same speeds,
and one machine gets out of step with
the other, they can never get back
into step. Howewer, if the receiving
shaft is running faster than the
transmitting shaft and stops at the
end of each tharacter, then if they
get out of step, they can resynchro-
nize within a few characters.

Anyway, the receiving shaft has te
run  faster than the transmitting
shaft. The receiving shafts in both
Western Union and Bell System ma-
chines run at exactly 420 RPM. With
an 1800 RPM synchrengus motor, a gear
{actually a pinion-gear combination)
ratic of 30/7 will give exactly 420
RPH from 1800 RPM. Not only do W.U.
and Bell machine receiving shafts run
at the same speeds, but the selector
mechanisms are identical. Hence, the
machines are perfectly compatible be-
cause their selectors are identical!

One further note on the gear ra-
ties. Within a TTY machine such as
the Model 14 and 15, the motor drives
the receiving shaft, For "60 speed"
(61,25 WPM, Bell; 65 WPN, W.U.), the
receiving shaft must run at 420 RPM.
Therefore a gear ratio of 30/7 is al-
ways used between an 1800 RPM syn-
chrorous motor and the selector
shaft, The transmitting shaft is run
from the receiving shaft, (A& jack
shaft may be used between the receiv-
ing shaft and transmitting shaft.)
The gear ratic between the receiving
shaft and the transmitting shaft is
fixed dependent wupon whether the
transmitting shaft has a 7-unit cam
for W.U. Format or a 7.42 unit cam
for Bell format. The ratio is 39/36
on a W.i. machine and 24/21 on a Bell
machine. With a Model 28 for Bell
System operation, the 3600 RPM motor
has a t4é-tooth pinien driving a 956-
tooth gear on a jack shaft. The jack
shaft has a &B-tooth gear which
drives a 60-tooth gear on the selec-
tor shaft. This combination gives a
§0/7 ratio which results in a selec-
tor shaft speed of exactly 420 RPH
from the 3600 RPM motor. The selector
to keyboard shaft gear ratio is the
same 24/21 as on Hell System Model
14 and 15.

Because the gear ratio between the
receiving shaft and the transmitting
shaft is set according to the cam
format on the transmitting shaft,
these gears should never be changed.
However, if the motor speed or cper-
ating speed is to be chanyed, then
the gear ratio between the motor and
the receiving shaft is to be changed.

When changing speeds, while still
using the Murray code, only the motor
or selector shaft speed is to be in-
creased because the transmitting
shaft speed will change accordingly.
However, a sad fact of life is that
essentially no one except amateurs
are using the Murray code. Commercial
operation is now at 100 or 150 WPH.
You cannot speed up your machine to
100 or 150 WPM operation and expect
to copy the commercial stations be-
cause they use an entirely different
cade! The trouble with the Murray
code is that it contains only 5 coede
elements and that means only 32 cha-
racters are possible without shift-
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ing. The commercial users are using
the ASCII {Americar Standard Cade for
Information Interchange). This code
contains 7 code elements, qiving 128
characters without shifting (and
twice that many with shifting).

The ASCII code and its details can
be found in the ITET Handbook {Refer-
enge Data for Radio Engineers, 5th
ED., Howard Sams). It is a 7-element
code, plus a start pulse, a stop
pulse, and a parity pulse. Fer 100
WPM operation, the stop pulse is two
units long, resulting in 11 units per
tharacter. The units are 9.09 ns
long. The 150 WPM version is the sanme
except the stop pulse is only one
unit long, giving-a 18 unit character
with .66 ns Llong units.

See RTTY, 1969 JUL-AUG p.& Ffor
speed information on the amateur Mur-
ray code and p.ll for motor-selector
shaft gear information,

We would like te acknowledge the
assistance of Clarence Kersker, WAG
4YS, and Dave Goodman, HWABUIT, whe
dug into the innards of machines te
count gear teeth.

RTTY TUNING INDICATORS

The following is not meant to¢ be
an exhaustive discussion of tuning
indicateors, but it will give some
thoughts about ways to indicate the
tuning status when receiving a RTTY
signal.

There are at least three ways to
indicate tuning . of a receiver when
trying to cepy a RITY .signal: 1) &
display on an oscilloscope of the de-
modulated signal versus. time, 2} A
cross as viewed on the face of a cat-
hode ray tube, and 3) A zero indicat-
ing meter.

Befaore discussing how to ceonnect
a tuning indicater, a brief discus-
sion of TUs is in order. The figure
shows the "heart" of most audio-type
TUs.

Basically, the operation is as fol-
lows. The tones caming from the re-
ceiver are run thru z limiter and am-
plifier. The audio output from the
limiterfamplifier is coupled thru the
two resistors, R, into two tuned cir-
cuits.The resistors are made fairly
high in value to preserve the § of

the tuned circuits and to isolate
them as much as possible. One of the

~tuned circuits is tuned to the Mark

frequency and the other te the Space
Frequency.

Because the tuned circuits are
parallel resonant, an audio voltage
appears across only one tuned cirevit
at a time, and only when the frequen-
cy of the sigmal is at or near the
resonant frequency of that tuned cir-
cuit. Thus, when a Mark tone is re-
ceived an audic voltage will appear

across Ehe Mark tuned circuit and
neng [or very little) across the
Space tuned circuit. When a Space

tone is received, just the opposite
will occur,

The voltage appearing atross a
tuned circuit is rectified using the
same type voltage doubler commonly
used in power supplies. The diodes
connected to ome tuned circuit are
reversed from those on the other
tuned ecireubt. In this example, a
Mark tone results in a voltage across
the upper tuned circuit and this
voltage gives a positive dec veoltage
at peint X. A Space tone results in
an audic voltage acress the Space
tuned circuit and this results in a
negative de voltage at peint X.

The voltage at point' X will be a
replica of the signal in the trans-
mitting loop at the sending station
and will be in polar form. The volt-
age at this point is used te key the
output loop thru a dc amplifier
{"keyer? tube or transister) in a
gsimple TU, or it can be processed
thru various circuits such as a low
pass filter, a level decision making
stage, etc., before keying the output
loop. .

1) Perhaps the best tuning indica-
tor from the standpeint of obtaining
the maximum informatien
about the signal being received em-
ploys an oscillescope arranged to
give the demodulated signal as a

ampunt  of

_ function of time. For this yeu will

need a de¢ coupled capability and a
triggered suweep. The signal displayed
will, ideally, be that pictured in
2 handbook showing a RTTY character,
You can ebtain such a display by con-
necting the scope input to point X
in the figure, At this point, the

signal has not been cleaned up by the
circuits within the TU that prepare
it for keying the output loop. There-
fore, all and other Forms of
trouble making wvoltages will appear
on the display. Perhaps the least de-
sirable feature of this method of
tuning is that it will provide a lot
of information about the signal, and
perhaps toe muchl! One of the most
interesting features is that it shows
all the "crud™ generated in the key-

nelse

board contacts of the transmitting
station.
2) An oescilloscope cam be con-

nected to a TU in such a way that a
Mgross" pattern results when a RTTY
signal is received. Adjust the scope
for use with an external herizontal
input. Connect the frame of the scope

_te the "ground" or common point en

the TU, the wvertical imput te peing
U in the diagram, and the herizon-
tal input to point "SM".

Because the internal sweep is dis-
abled, an at voltage applied to the
vertical input will give a vertical
line; an ac voltage connected to the
horizontal input will give a horizen-
tal line. Ideally (for the purpose
of scope display), the Q of the tuned
¢ircuits in the TU should be as high
as possible. When a HMark signal is
received, a vertical line will appear
on the oscilloscope, because an ac
voltage will appear across only the
Mark tuned circuit. When a Space tene
is received, a herizontal line will
appear. [f the oscilloscope is prep-
erly adjusted, the height of the Mark
vertical line will eqgual the length
of the Space horizontal line.

When a RTTY signal is received, the

scope will show the horizontal and
vertical limes alternately, and this
will appear as a c¢ross. Once the

scope is adjusted to give 2 proper
cross on a properly-tuned signal, you
can then use the scope as an ald in
tuning a signal.

Several things can cause the pat-
tern on the scope to be other than
ideal. The Q of the tuned circuits
should be low ensugh to give proper
eperation of the TU. This will mean
that even when a Space tone that is
on frequency is being received, a
small voltage will appear across the
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Mark tuned circuit. Consequently, the
harizontal line will actually appear
as an ellipse; ditto for a Hark (ver-
tically-oriented ellipse).

When a signal is being tuned in,
size, position, and shape of the
ellipses will change. Once you are
fapiliar with such a tuning indicator
the pattern will tell you how well
tuned the signmal is as well as such
things as the shift of the signal
being received in relation to the
shift to which your TU is adjusted,
ete.

3) Because the signal at peint X"
is a pvlar signal, a zero-cenker
meter connected from point "AM to
ground will read approximately zero
when a RTTY signal is received and
properly tuned. This is somewhat ama-
logows to the rero-center tuning in-
dicator used on some FM receivers.
Whan a steady Mark or Space is being
received, the meter will not read
zero, Therefore, this type indicator
is best for use when a steady, ma-
chine spesd (tape) signal is being
tuned in. A VTYN adjusted for center
zero can be used very satisfactorily
in this application, Additional inm-
formation about tuning indicators can
be found in the follewing referances:

RITY FROM A TQ 2, Durward J.Tucker,
¥5VU, Cowan Publishing Co. (CQ),1970,
p.180 {Fig.14.10), pp.194-198,

THE MNEW ®YTY HANDBOOK, Byron M,
Kretzman, WZ2JTP, Cowan Publishing Ce,
(to), 1962, pp.lu5-156.

HAM-RTTY, W2KSD/1 & W&RWM, 73 Inc.,
1963, p.50, pp.76-77.

It should be noted that there are
two types of "cross-indicators™. One
type is as described above, The other

M
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was omitted because it required scae
(although wery little) additional
circuitry. Some of the references
cited show how to build a coaplete
RTTY tuning indicater that is inde-
pendent of the TU. If you de net awn
an oscilloscope, you can build a
special escilloscope just Ffor RTTY

tuning indicatien. Such a scope is
included in some of the cafarences
cited.

Anothar scmewhat curicus note: The
three largest, and best-known amateur
handboaks were checked for tuning in-
dicater circuits - thare were none!

TIME CONSTANTS IN TELEGRAPH LODPS

Tha effects of time constants in
telephraph leops will be discussed
to show hoew they affect selector
aperation,

SERIES R, C CIRCUITS

When a series circuit composed of
a resistamce, R, 3 capacitance, C,
and a OC source, VY, are connscted,
a current I equals V/R flows at the
ingtant of circuit closure, As time
prograsses, the current slowly de-
creases until it reaches 0, The decay
of current is governed by tha product
of R and C, and the current decays
to 36.8% of its initial value in a
peried of time in seconds aequal to
the praduct of A in ches and £ in
farads. The voltage atross the rasis-
tor follows this same pattern; it
starts at ¥ volts at the time of cir-
cuit closure, dacreases to 0.368Y in
AC seconds, and ultimately reaches
0 volts., The veltage across the ca-

pacitor starts at 0 volts, reaches
{1-0.368)V equals 0.632¥ in RC sec-
onds, and finally reaches V volts.

1f, after the capaciter has charged
to V volts, the battery is disconnec-
ted, the «capaciter will remain
charged indefinitely. When the cir-
cuit is closed with the battery re-
maved, the capacitor will discharge
and will reach 0.368Y wvolts in RC
seconds,

SERIES R, L CIRCUITS

In the case of a series R, L cir-
cuit there are some similarities and
some differences from the R, C situ-
akion, For example, consider a simple
series circuit composed of an induc-
tor, L, a resistor, R, & battery of
¥ volts and a switch. Assume that the
circuit is sitting with the switch
open; no current flows and the volt-
age across the resistor and inducter
is zero, Whon the switch is clesed,
the voltage across the inductor inme-
diately becomes V valts, but the cur-
rent is still zero and ths veltage
across the resistor is also zero. The
current slowly increases until it
vltimataly reaches I equal V/R am-
peres. The increase of current is de-
pendent upon the ratic of L to R. The
current reaches €.632V in a period
of time in seconds equal te L/R where
L is in henries and R in ohps. The
voltage acress R follows the same
pattern reaching 0.632¢ in L/R sec—
onds, and the voltage across the in-
ductor decays to D0.36BV in the same
L/R seconds,

A gipilarity between R, L and R,
C circuits is they beth have time
constants; a difference is the R, €
circuit time constant is proportional
to k while the R, L circuit time con-
stant is inversely proporticnal to
R. Another differsnce becomes evident
when the switch is opened. In the R,
C circuit, as noted above, the capa-
¢itor can remaln charged indefinite-
ly: after the switch is opened, the
voltage across the capacitor will re-
main at ¥ volts wuntil something is
done to the circuit, In the R, L cir-
cuit the inductor ¢an  remain
Hcharged” snly so0 long as the current
remains at [ amperes, and this re-
quires that the circuit reeain
closed. As soon as_ the circuit is
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opened, the inducter will "dischargeV
The "discharge" of the inductor, re-
gardless of the circuit configura-
tion, must obey the rule that current
thru the inductor cannot change in-
stantaneously, This leads to two in-
teresting situations:

1} Assume that the circuit is as
described previously: A simple series
combination of an inductor, a resis-
tor, a switch, and a battery. Assume
that the switch has been c¢losed for
awhile and a steady current is flow-
ing. If the switch is opened, gurrent
must cease, but the inductor will not
permit it to cease instantanecusly.
Therefora, as the switch contacts
separate, the inductor will react by
generating a "back enf" of sufficient
magnitude to break down the zir gap
betveen the contacts for a sufficient
period to allow the discharge of the
inductor; the air gap breakdown is
evidenced by a spark, This sparking
will, of course, eventually damage
the contacts. A remedy is to provide
some alternate path for the inductoer
discharge current. A device providing
this path is known as a Contact Pro-
tection (C,P.) network,

2} Assume the circuit is the same
as described previously, but in addi-
tien a C.P. network composed of a
series R,C circuit is placed across
the contacts. (The mathematical a-
nalysis of this arrangement can be-
come a bit mueh unless certzin as-
sumptions regarding conponent sizes
are made; we will assume the appro-
priate values.) Because the C.P. net-
work 1s across the switch contacts,
it will have no effect upen circuit
operation when the switch is clesed;
the closed er mark interval time con-
stant will be L/R, where 8 is the
loop resistance. When the switeh is
open the total resistance of the cir-
¢uit will be the sum of the loop re-
sistance; call this total resistance,
r. Therefore the open-switch or space
interval time constant will be L/r.
The spacing or "turn-off" condition
resistance, r, 1is larger than the
marking or "turn—on™ condition resis-
tance, R; consequently, the current
decay at switch opening will be fast-
er than the current build-up at
switeh closure,

A SELECTOR WAGNET LOOP

Consider the following series cir-
cuit: & 260-volt DC power supply, a
teleprinter selector magnet, a resis-
tor, and a set of metallic contacts
with a C.P. network across them.

The selector magnets have some re-
sistance and an inductance, L. The
resistor is set to such a value that
its resistance plus the resistance
of the selector nagnets is 4330 ohms.
{This value will permit a steady-
state current of 60mA to flow in the
selector magnets.) Call the tetal
loop resistance, R. (R equals 4330
ohms.} The metallic contacts can be
either the keyboard contacts or the
contatts on a polar relay. (We will
consider driver tubes and transistors
later,}

the magnetic pull exerted upon the
armature by the selector magnets
varies with the current flowing in
the magnets.

when the contacts in the loop are
closed the current will slowly build
up and the magnetic pull exerted by
the selector magnets will alse build
up. The rate of build up of magnet
pull is dependent upon the L/R ratio
of the circuit. When the contacts are
opened the current will decrease and
so will the pull of the selector mag-
nets at a rate dependent upon the L/R
ratic of the circuit during the open
contact situation. Since the resiz-
tance of the circuit is higher during

the open interval than during the
¢losed interval, the armature will
release faster than 1t operates;

therefore, spacing bias is introduced
into the printer mechanisa.

The current decay time may be seo
short compared to the build up time
that the decay time can be ignored.
If this is true, the amount of spac-
ing bias introduced into the printer
is determined solely by the L/R ratio
in the selector magnet loop. (It is
assumed that the cantacts are heing
operated by an unbiased source.)

Bias can cause troubles when re-
ceiving, especially when conditions
are less than ideal. The "standard"
landline telegraph loops are 260-
volt, 4330 ohms, 60 mA and 130-volt,
2170 ohms, 50 mA. Therefore, the
manufacturer/designer of teleprinters

designed the machines to give best
performance when the selector magnets
are inserted inte these loops.

LOM-VOLTAGE LOOPS

With the advent of transisters, the
130-yolt or higher loop was consid-
ered a real pain, This is especially
true since 130-volt transistors are
{or were) expensive{or non-existant].
Because the actual wvoltage across
the selector magnets when energized
is typically 12 volts ar less, there
is a temptation to run the selector
nagnets from a 12-volt source in
series with a transistor using non
external resistance., Assuming that
engugh drive 1s available to the
transistor, the selector magnets will
get their required 60 nA current {at
least under static conditions} and
all seems well until trouble is en-
countered while receiving under dif-
ficult conditiens.

An examination of the circuit con-
stants will reveal the following:
With a 260-volt, BO-mA loop, the cir-
cuit time constant is L/4330; with
a 130-volt, 60-mA loop, the circuit
time constant is L-2170; and with a
12-volt, 60-mA locp, the circuit time
constant is L/200. This means the
bias introduced by the leop time con-
stant when using a 12-volt source is
11 times greater than with the 130-
volt loop and 22 times greater than
with the 280-wvelt loop! Mo wonder it
is sometimes difficult to receive.

With a vacuum-tube magnet driver
the situation is inherently better
than with the 'typical" transister

circuit because a higher voltage loop
source is used, A triode or triode-
connected beam power tube will give
performance equal te metallic
tacts for a given supply voltage. &
pentode operated in a "eonstant-cur-
rent! mode will outperform all other
switching devices especially under
the most difficult circumstance of
several selectors in the same loop.

Lon-

CONCLUSION

Selectors were made to be operated
in loops having at least a 130-volt
source. 5o long as the selector mag-
nets are driven from a source of at
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least 130-volt, loop time constants
should not be a problem.

We have omitted from the discussion
certain  details such as  selector
operate and release currents and pro-
diodes used with trapsistor
drivers. The topic will be discussed
in a more thorough and detailed man-
ner later in the text, and it wiil
include some items not covered,

tection

NORE ABOUT TELEGRAPH LOOPS or
THE CARE OF RTTY SIGNALS AHRD THME
FEEDING OF SELECTOR MAGMETS

There is a common misconceptlon
about the method of driving the se-
lector magnets in a teleprinter. Time
constants and generally how they af-
fect teleprinter operation were des-
cribed. Now, we will go inte the sub-
ject in a more detailed manner, des-
cribing some of the common loops and
showing how each affects selector
operation. The conclusion will give
same simple rules for loop design or
evaluation,

Probably the main reason that
selectors are put into unsatisfactery
loops is the close resemblance of se-
lectors and ordinary-type relays. A
run-of-the-mill relay has a coil
voltage rating. Therefore, it |is
logical to expect that the selsctor
magnets in a teleprinter sheuld also
have some voltage rating and so long
as that veltage is applied the tele-
printer will function properly. AB-
SOLUTELY NOT!

Selector nagnets
rating. They should be supplied from
a current source, not a voltage
source. Unfortunately, 2 real, live
current source is non-existent. How-
ever, a currenat source can be simu-
lated by using a relatively high
voltage in series with a resistance.
{The higher the voltage source and
resistance, the closer will be the
sinulation.} The following will show
how to do this and what happens if
it isn't done.

have a current

AN INDUCTANCE-FREE LODP

In order to provide a point of re-
ference, we will consider first a

loap <containing no energy-storage
elements; 1.e., no inductance or ca-
pacitance, Figure 1{a) shows such an
idealized loop composed of some DC
source, E, a resistor, R, and a
switch, §. The voltage source and the
resistor can be any value desired s0
long as their ratio permits a cur-
rent, I equals EfR, of 60 mh to Flow
when the switch is closed. The switch
can be metallic contacts, a vacuum
tube, or a transistor. {Note that at
this point we are net particular
about the total loop resistance or
supply voltage =so long az the locp
current is 60 mh. However, it will
become apparent later that the source
voltage and loop resistance are as
important as the leop current.)

The switch is assumed to be driven
in such a manner that it opens and
closes at even intervals of 22 ns
each, corresponding to the element

. length of a "60-Speed" RTTY signal.

BIAS DISTORTION

Bias distoertion, or, as it is usu-
ally called, bias, is the measure of
the unevenness in length of nark and
space elements., Usually it is ex-
pressed as a percentage, and can be
calculated from the formula: %Bias
equals 100{m - M}/M, where m is the
actual length of a mark interval in
units of time and M is the expected
or normal length of a mark interval
in the same time units.

For example, in Figure 1(b) the
mark interval is supposed to be 22
ms long and it is shown as 22ms long,
therefore the percent bias in Figure
1{b} is-100 {22-22)/22 equals D%.

In all examples to follow, the
fideal" mark will be 22 ns long,
therefore in  all calculaticons M
equals 22 ms.

RECEIVING DEVICES

In a recelving device such as the
selector in a teleprinter, there are
essentially twe conditions or states
that the device can be in, the un-
operated or spacing condition and the
operated or marking condition. When
ne current is flowing in the magnets,
the armature will be unoperated or
spacing, If current is slowly in-

creased, the armature will operate
when the current reaches a certain
value called the operating current
and at that point the armature will
mark a space—to-mark (S-W)tramsitien;
if the current i1s increased after the
armature has operated, no Ffurther
action will take place. IFf the cur-
rent is slowly decreased, the arma-
ture wWwill remain operated until a
tertaln current value is reached, at
which point the armature will release
and a mark-to-space (M-S} transition
will result. Once the armature has
released, an additional decrease in
current will cause no further action.
The value of current at which the
armature called the re-
lease current.

The operate and release currents
are dependent upon the immediate his-
tory of current within the devige and
upon the adjustment of the selector,
especially the spring, if
present, and the ecperated and non-
operated air gap between the armature
and the pole pieces of the magnets.

Because of the adjustment and his-
tory factors, the operate and release
currents may be somewhat nebulous
values. The operate current will al-
ways be more than the release current
and may be several times as great.
However, for 1llustrative purpases
we will initially assume the two cur-
rent values are equal and equal to
30 mA (half the normal loop current),

releases 1is

tension

AN IDEAL SELECTOR IN A SIMPLE LDOP

Assume a selector could be built
having no inductance in the magrets
and having identical operate and re-
lease currents of 30 mA. Place this
"ideal" selecter in the loop shown
in Figure 1{a). Because there is no
inductance in the selector, the cur-
rent would appear as shown in Figure
1{b). The detted line indicates the
"operate-release' currents of this
idealized selector. On a S5-K transi-
tion in current, the selector oper-
ates when the current goes thru 30
mA as indicated by point A. On a cur-
rent M-5 transition, the selector re-
leases when the current goes through
30 mA as indicated by point B. {Point
C will be considered later.}
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Because the distance from point A
to point B is 22 ms, the bias intro-
duced inte the selector is zero. {In
this example m equals 22 ms, the dis-
tance from & to B.)

A SERI-IDEAL SELECTOR

To pregress one step toward a prac-
tical rather than ideal selactor,
assume the selector still has the

L
same operate-release current levels .
of 30 nh, but that it has 4H induc-
tance in the magnets. Insert this A L8 WA

; . . . Y R I N
nagnet into a simple series loop with . T
contact protection as shown in Figure *c '
2(a). Note that the supply is a 130- A _1
i 11 - —%

volt seurce. R is the total loop re PRI N PP
sistance including the selector mag- | 22 960—'uf 22

net resistance. S5 is assumed to be 7 (6)
\ A
mecallic contacts.
The loop current is shown in Figure
2(b}. Because of the magnet induc-

&0

tance, L, it 1s no longer "square, A

In the S-M transitien, the L/R time 3o Y S
constant due to selector magnet in- B /45 tow

ductance shows up and is approximate- As Paisivia) /0

i

ly 1.8 ms. Ln the M-5 transition,

4 P
there is some overshoot resulting (cj FIGURE 3 'I!‘" o'gsz?mg—.-lﬂ—aem,---—ﬂ“a'sa 7
: I

from the contact protection network

b
composed of RCP and CCP. The time for 55‘ 6)
the current to decay frem 60 mA fo
the point where it makes the axis
crossing is approximately 0.66 ms. 30| - .
The operating point, A, is delayed
by about 1.28 ms because of the delay .
in current build-up due to the L/R 0 ‘/,/'
time constant. Due to the L-R-C "time o .
constant", the release point, B, is (@) TI1GURE 4 22ma —™ ’
delayed by approximately. 0.20 ns. 73
Therefore, bias is introduced inte 80
the selector as a result of its own
magnet inductance. In order to calcu-
late the bias, m must be determined; Jo -
o equals 22.00 - 1.28 plus 0.20
equals 20.92 ms. Therefore, the bias 20
is 100 {20.92 - 22.0}/22.0 equals o

B 4

~4.9 or 4,9% spacing bias. This is (aj FIGURE § t‘_”a"é’,.;’* i"ﬁﬂ'az,, l

net a bad value.

If a 26Q-volt source were used, R
would be 4330 ohms and the bias would
be appreximately 2.1% spacing.

A "TRIODE" SWITCH

Metallic contacts may be considered
archait. Therefore, replace the con-
tacts with a triode-like device such
as a vacuum-pentode driven into hard

(o]
ir
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conduction, a bipolar transistor
driven inte saturation, a unipeolar
trapsistor driven into the ohmic re-
gion, or a vacuum-triode. (It s
tacitly assumed that the devices can
be safely turned off rapidly.)

The only difference in current
waveshapes between the "triode" and
metallic contact circuits would be
a vertical drop in current during the
M-5 transition because no C.P. net-
work is used. The blas would be 5.8%
and 2.9% spacing for the 130-volt and
260-volt loops, respectively.

A "PENTODE™ SWITCH

A pentode vacuum-tube operated in
a "eonstant-current” mode as a selec—
tor magnet driven presents a complex
tsituation that requires gquite a2 bit
of reasoning to fully explain. There-
Fore, we will only describe the re-
quiremenfs for best operation and the
resulting waveshapes,(The term Ypen-
tode" is being used generically; it
includes any device having a '"pen-
tode-like" characteristic. Bipelar
and unipalar transistars when oper-
ated in a '"constant-current" mode
qualify but may not be practical be-
cause of their ratings.)

Consider the circuit shown in Fig-
ure 3{a). The Ysyitch" marked P is
a pentode with the bias set to give
60 mA loop current during a steady
mark. The resistance in the loop in-
cluding the selector nagnet resis-
tance and excluding the DC plate re-
sistance of the pentode should be as
low as possible. It may appear that
a low loop resistance is contrary to
what has been said about time cons-
tants; however, in this case it is
indeed desireable. An explanation of
why it is true with pentedes and only
pentodes is lengthy and will be omit-
ted.

During the S5-M transition, the cur-
rent will rise linearly as shown in
Figure 3(b). The rise time {the time
to ge from 0 to 60 mA} is dependent
upon the supply voltage and the in-
ductance, L, and not upen the loop
resistance so long as the resistance
is kept low. fHote that the rise in
current is linear rather than ex-
ponential as in all precesding and
all following examples. The rise time

for a 130-volt source and L-4 H 1is
1.85 ms, placing point A about 0.93
ms delayed, and for a 2860-volt source
the rise time 1is about 0,32 ns,
delaying point & by 0.46 nms.

During the M-$§ transition, the re-
sistance of the tube is mebulous, but
is very high giving a very short time
constant. Therefore point B will ke
undelayed. As a result, the bias will
be 4.2% spacing and 2.1% spacing for
the 130-volt and 260-volt cases, re-
spectively,

LON-VOLTAGE TRANSISTOR DRIVERS

Figure 4{a) shows a loop consisting
of a 12-volt supply and a "switch",

%, which represents the C-E "junc-
tion"® of a bipelar transister. In
this circuit the total loop resis-

tange, R, will probably be composed
of only the winding resistance of the
selector magnets. Becazuse of parame-
ter variation problems the transister
will probably have to be operated in
the saturated mode. Therefore the
transistor will act very much like
a switeh. If this is true, the leop
current waveforms will appear as
shown in Figure 4(b).

The time constant of the circuit,
assuming & H inductance and 200 ohms

resistance, will be about 20 ms.
Therafaore, even if ths steady-state
loop current is set to 60 mA, the

current rises so slowly that it never
reaches steady-state during a typical
mark interval. Mawever, 1f three
marks are sent in succession, the
current will reach 60 mA by the end
of the third mark, This is intoler-
able, but if it is ignored, other
problems will show up. (The situation
in which steady-state current is not
reached when rapid reversals are sent
such as in the letter “"R", but steady-
state is reached during the letter
"M results in characteristic dis-
tortion, a most wndesirable situ-
ation.}

The operating point, A, has been

shifted approximately 14 ms. If the
transistor can be safely turned off

with no protection, the M-5 transi-
tion will be as shown, and the re-
lease point, B, will be in its normal
position, Therefore, m equals 22 -
15-8 ns; the %Bias - 100 (8-22)/22-

-63 or 63% spacing bias!? This is alse
intolerable.

The inductive kick occurring when
the transistor 1is turned off may
damage the transister. This can be
prevented by placing a diode in the
cirguit as shown in Figure 5(a).

If we can assume that the diode
when cenducting has the same charac-
teristics as the transistor when it
is conducting, the waveshapes will
appear as shown in Figure 5{b).Again,
we have the problem of characteristic
resulting from the time
constant being so leng that steady-
state is never reached when alternate
marks and spaces are being sent, but
steady-state is reached when several
marks or spaces are sent in succes-
sien, For this example the bias is
35% spacing.

If the supply voltage is raised to
say, 36 wvolts, the loop resistance
would be 600 ohms and the time cons-
tart would decrease to 6.7 ms, This
is shown in Figure 5. Peint A and
point B are shifted about 4.7 ms.
each so that no bias is present and
the time constant 1is sufficiently
short to allow steady-state conditi-
tions to be established by the end
of each urit. (This curcuit appears
to be satisfactory, but when 2n ac-
tual selector is comsidered, severe
bias will exist.)

distorticon

OPERATE AND RELEASE CURRENTS

As mentioned earlier, the selector
operate current has to be higher than
the release current and may be sev-
eral times as great. Te illustrate
this condition we wWill repeat the
whole discussion{in abbreviated form,
thank goodness!) Let us assume the
operate current is 30 mA, and the re-
lease current is 10 mA. The point of

operation, A, on all the diagrams
will still apply, but the release
point, B, will have te be replaced
by point C.

In the simple contact-operated 130-
volt OC loop shown in Figure 2(a],
the shifting of the release point
from B to C will slightly decrease
the bias because point C is delayed
by about 0.6 ms;the bias will be 3.1%
spacing. Using a 260-volt source give
0.6% spacing bias.
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When wusing the "constant-current!
pentode with a practical selector,
the bias will be the same as it was
with the Usemi-ideal" selector. 4.2%
and ?.1% spacing. Although points B
and & are at different current lev-
els, they are in the same time posi-
tion because of the vertical nature
of the M-$ transition. This haz a
very important consaquence: If the
#-5 and S-M transitions in the cur-
rent supplied to the selector mag-
nets are nearly vertical, i.e., have
very shart time constants or rise
times, the operate and release cur-
rent values will not in themselves
affect selector operation, As a ceo-
rollary, long,
selector operation is very dependent
upen the selector operate and release
current values.

In the case of the 12-volt loop
with a transistor and diode {Figure
5), the selector magnets will never
release the armature! This phenomenon
nay manifest itself inm a subtle man-
ner. Assume a solid-state T{ having
this type output circuit is tested.
With a steady mark at the input the
output loop current is &0 mA, with
a steady space it is 0 nA. When char-
acters are sent the printer will copy
infrequent-transition characters such
az T, M, and 0 but will be unable te¢
cope with frequent-transition char-
agters such as J, R, and Y,

The transistor and diode with a 36—
volt source (Figure &), although
showing no bias previously, will now
show A delayed by &.7 ms and C de-
layed by 12,0 ns; this gives: m-22
- 4.7 plus 12,0 equal 29.3 ms., There-
fore the blas is: 100 {29.3 -22)/22

when rise times are

equal plus 33.1 or 33.1% marking
bias!
HULTIPLE SELECTOR MWAGMETS
If more than one selector is in-

serted inte the loop, as in the case

where a pageprinter and a reperfo-
rator are being operated simultane-
ously, the circuit analysis can be

made with little additional effort.
Essentially, in all the previous
examples the time constants would be
doubled; the bias would also double.

This means that a circuit that is

marginal with one selector in the
loop (say 33% bias) will become in-
operable with two in the circuit [B6%
bias). However, if the bias is enly
1% initially, even four selectors
will only result in 4% bias.

As selector magnets are added, the
loop resistance will increase, lower-
ing the loop current. The normal pro-
cedure for compensation is to employ
a rheostat that is manually adjusted
whenever a machine is added or re-
moved, However, the change in loop
current is smallest when the highest
voltage source is employed. With a
"constant-current” pentode no adjust-
ment should be required.

HIGHER SPEEDS

The time constants of a loop are
not dependent upon the speed of aper-
ation, but the length of a mark {and
space) are shorter making the time
constant a larger fraction of a unit,
This has the effect of ingreasing the
bias as the speed is increased.

MISCELLANEOUS

The voltage appearing across the
selector nmagnets has been totally
ignored; its magnitude is useless ex-
cept as an indirect indication of the
steady-state loop current flowing in
the magnets,

Traditienally, polar
used for many reasons: two reasons
are:r {1) The gperate and release cur-
rents are nearly equal, and (2) The
inductance of the relay winding is
relatively law.

Because of these two characteris-
tics, the relay will approach, close-
ly, the "ideal" selector originally
discussed, and as a result, will give
better performance than a "barefoot!
selector in a poor loep as well as
not additionally "“fouling up" the
leop by adding a lot of inductance.
This is why se many Model 155 come
with a 255-A inside.

The selector within a Model 32 is
driven from a solid-state unit built
within the machine. When inserted
into a leop it dees not reflect the
selector inductance back inte the
loop. The solid-state driver does for

relays were

a Model 32 what the 255-A did for a
Hodel 15,

CONCLUSTON

The inductance of the selector mag-
nets introduces time delays into a
telegraph loop. These delays can af-
fect operation to the point of total
failure. The amount of delay is de-
pendent upon the inductance of the
selector magnets and the resistance
of the loop. The larger the induc-
tance, the greater the delays; the
larger the resistance, the smaller
the delays. Thus resistance can be
used to offset the effect of induc-
tance.

Because the loop resistance is di-
rectly proportional to the loop sup-
ply veltage, a goed (but not infal.
lible} figure-of-merit for telegraph
loops is the OC supply voltage. The
higher the supply voltage, the better
the loop.

The actual effect of the time de-
lays is dependent upan the operate
and release currents of the selector:
these values are dependent upon the
design of the machine as well as the
adjustment. However, the shorter the
delay, the less the effect it will
have upon the performance of the te-
leprinter regardless of the
and adjustment.

design

The best loep is onme containing a
260-volt DC supply and a "constant-
current” pentode. Second choice i
& 280-velt OC loop containing metal-
lie contatts or a tricde. Any loep
containing less than a 130-volt DC
supply should be viewed with suspi-
cion unless that "leop" was designed
by the manufacturer of the tele-
printer upon which it is used.

For those interested in experimen-
tation, waveshapes similar to those
described can be viewed on an oscil-
loscope. Use a good signal source;
the best for this application is the

1-193 Polar Relay Test Set because
is supplies a continuous series of
alternate marks and spaces at “Gi-

speed." Place a low value non—induc-
tive resistor in series with the laap
at the ground end of the loop: place
the oscilloscope across the resistor.

We would like to thank Doug Kerr,
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W2ATE, for many comments and sugges—
tiens,

USING A MILLIAMBETER IN A LOOP

Frequently, questions are asked about
why a dc milliammeter acts the way
it does when placed into a telegraph
loop. The Following will {hopefully)
explain its behavior. '

A dc meter {voltmeter or milliamme-
ter)is an average-reading device.This
neans Lthat the indication given by
the meter is the average (with time)
of the current flowing thru it.

1f a very slowly alternating cur-
rent is applied to a milliammeter,
the meter will respond to the varying
current and will, at any instant of
time, give a reading corresponding
te the current flowing at that ins-
tant of time, if a true alternating
current Were applied, half the time
the meter would be going down scale
because the current is reversed half
the time and the deflection is di-
rectly proportionzl to the current
flowing, including pelarity.

The meter movement, although fairly
lightweight, still has scme mass and
cannot, therefore, respond instanti—
aneously. If the alternating current
applied to the meter is increased in
frequency, the meter may not be able
to respond rapidly enough and the
reading given by the meter will be
less than it was previocuslyyeven if
the actual current being applied has
the same magnitude. Remember, the
higher the frequency, the faster the
current {or voltage)varies with time.

If an even higher frequency alter-
nating current is applied (60 Hz is
sufficient with mest d¢ meters), the
meter time to respand becomes so slow
relative to the rate of variation of
the ac that the weter will read zero.
In other words, by the time the meter
starts to respond upscale, the ap-
plied ac has already reversed, and
it is trying to make the meter read
downscale, ete.

1t is under the conditicn where the
applied current is wvarying
rapidly than the meter can respond
that the dc meter is truly average-
reading, The average of 2 sine wave
is zero, and that is what the dc me-

Bare

‘meter reads 60 mA,

ter reads so¢ long as the nmeter
"sluggishness" is sufficient
to keep it from responding instant-
anecusly.

A simple, but typical, telegraph
leop is shown in Figure 1. The loop
consists of a loop supply, some re-
sistance, the selector magnets in the
printer, the keyboard contancts, and
a dc milliammeter. Assume for purpese
of discussion that the de milliamme-
ter is 60 mA full scale. Alsp assume
that the selector in the teleprinter
is a 60 mA selector. Regardless of
the loop supply voltage (which should
be at least 130 ¥ dec), the resistor
15 to be adjusted to give 60 mA leop
current when the keyboard contacts
are closed. {If the loop is keyed by
a polar relay, a vatuum tube, or a
transistor, the discussion is still
exactly the same.)

Wher the gontacts are closed, the
When the contacts
are open, the meter reads zero.
{Closed contacts correspond to a Hark
and open contacts correspond to a
Space). Figure 2A shows current (I)
versys time for a steady Mark, and
Figure 2B for a steady Space. These
pictures are as would be seen on a
d¢ oscilloscope.

What happens when a telegraph char-
acter is sent; i.e., when someone is
T"typing" something?

For initial explanation purposes,
assume that the keybeard can send
"dots." Dots are simply constanty re-
peated opens and closures of the loop
in perfectly even intervals. Figure
2C shows how the loop current would
vary when dots are sent {and there
is no loop inductance). This is simp-
ly a square wave. During the first
interval when the current is 60 mA,
the meter will attempt to travel from
zero toward G0 nA. However, if it is
a typical meter, 22 nilliseconds is
net sufficient time for the meter to
respond from 2ero to 80 mA,Therefore,
it will only get part way up toward
60 aA when th loop current goes to
zero, The meter will then try to re-
turn to zero. However, it was moving
upward and will require a while to
stop moving upward before it can
start to move downward., It will prob-
ably be able to start moving downward
but will not get to zere before the
current goes to 60 mA again, and it
again has to reverse and start going
upward, etc.

Consequently, not

the meter will

read zero ard will not read B0 mA,
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but will hover between the two val-
wes. If the meter is sufficiently
sluggish {most meters are}, it will
appear to stand still somewhere be-
tween B0 mA and 0 nmd, The questian
is: Where will it appear to remain
stationary? Well, the meter is spend-
ing half its time trying to go te 60
nA and half its time trying to go te
0 mA. (Note, that when the dots are
being sent, exactly half the time the
current is 80 mA and exactly half the
time the current is zero,) Thzrefore,
the meter must indicate exactly half
of 60 and 0, or 30 mA.

If the meter is less sluggish, it
will nmot sit steadily at 30 mA but
it will appear to hover or vibrate
about 30 mA.

What happens when a single repeated
RTTY character such as R is being
sent thru the loop? Figure 20 shows
the current as a function of time in
the loop. As in the previous example,
the meter will spend part of its time
trying to get up to B0 mA and part

of the time trying te go to zero. How-

ewer, in this case the twe portions
of time are not equal. Because the
meter indicates a simple average, the
expected meter reading can be caleu-
lated as (22x0 plus 22x0 plus 22x60
plus 22x0 plus 22x60 plus 22x0 plus
31xB0}/163 equals 27.5 md, Or: 75260/
163 equals 27,6 mA. Therefore, the
meter should read 27.5 mA becauss
this is the average.

In order for the meter to indicate
the value just calculated, several
conditions must be met: The steady
Wark current must be exactly 60 na,
there is ne inductance in the loop
{inductance distorts the wave shape],
the contacts on the keyboard are
properly adjustad, the keyboard is
being keyed at keyboard speed, and
2 Bell System machine with a 7.42-
unit cede is being used, These nay
seem to be unduly restricting, but
that's life! If any one of the above
conditions is not met, the meter will
not read exactly 27.6 mh. This can
be used as a good indicator Ffor all
components in the loop. However, if
two [or more] of the above conditions
are not met, the meter could read
27.6 mA. Therefore, the above is not
an infallible check, but it is a sim-
ple, useful indicator.

When the repeated character, such as
R is sent, the meter may appear to
fluctuate more than with dets. The
reason is that the start pulse and
the first unit are both spaces;there-
fore, the meter has a longer time to
move during this interval,

When just "typing" an the keyboard,
the meter may appear t¢ move somewhat
erratically. This is to be expected,
because the mater is constantly try-
ing to find an average, and each
character has a different average (or
nearly so). Alss, the time spent be-
tween characters 1s a variable de-
pending upen the "typing" speed of
the operator.

In summary, when a dc milliammeter
is used in a loop, it will indicate
something other than 60 m&  (Mark)
and 0 mA {Space) when something is
being sent in the loop. The neter
cannot follow the rapid variations
in loop current during the bit inter-

vals within a <character. When a
steady repeated character such as
dots or a letter are sant, most me-
ters will indicate a steady current
that is the average of the loop cur-
rent, -In the case of dots it will hbe
30 mk; Far a repeated R, 27.6 nA: and
for a repeated Y, 35.7 nA.

SUNMRRY

We have been describing some of the
fundamentals of RTTY, This has been
done to give an overall picture of
the various aspects of RTTY to some—
one who is new to the Mart." We have
now conpleted the opera, and will
summarize what has been said.

THE TELEPRINTER

Printing telegraph machines con-
muntcate with each other {and within
themselves) by means of a code com-
monly called the Baudot code. {Actu-
ally, it is not the Baudot code but
the Murray code which is used by the
comman Teletype machines.) For an ex-
tremely good discussion of the his—
torical and present aspects of print-
ing telegraphy see: "Pinciples of
Telegraphy {Teletypewriter}" Navships
0967-255-0010, June 1967, SD catalog
numher: 0219.8:T23. The code is com-
of five even—length

posed pulses™

or elements. Every character sent
from a keyboard contains the five
pulses, This ig wunlike the familiar

hand keyed "CW" code which contains
many different length characters. The
teleprinter requires that all charac-
ters be the same length because both
the sending and receiving machinss
are mechanical things, and mechanical
things are best suited for operation
under repetitive conditions, (The
same argument applies to the all-
electronic keyboards and "printers',
but the problem is not as severe with
them.)

The code is generated by the key-
board. When a key is depressed, the
machine translates the letter to be
send into the proper code combination
corresponding to that letter and then

.sends the code. The receiving machine

receives the code for a given charac-
ter, then selects [or decodes) the
character being received, and prints
it, It should be noted that a com-
plete teleprinter, although it nay,
from the outside, appear to be simi-
lar to a typewriter, is actually
quite different inside. Basically,
it consists of two completsly sepa-
rate and independent machines - a
sending unit called the keybeard and
a receiving unit called the printer.
Usually the only thing common between
the two units is the motor which
drives both of them and the cover
which is used to keep dirt and fin-
gers out and the noise in. {Can't say
it is very successful at any of those
things!]

The "pulses" in the code used by
teleprinters consist of an open cir-
cuit, called a Space, and a c¢losed
circuit, called a Mark. Because there
are only 5 "pulses"™ per character,
only 32 characters are possible. More
than 32 c¢haracters are needed (just
the 26 letters and 10 digits equal
36, and some puntuation is desirable,
etc.) Therefore, most of the code
corbinatiens are used for twe differ-
ent characters; this explains why the
keyboard is different from that of
a typewriter. The dual use of char-
acters is accomplished by shifting
the machine into "Letters" or "Fig-
ures™ positien. Once a shift is ac-
complished, the receiving nachine
prints the characters corresponding
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to that shift position until a shift
of the other type is received. (An
exception to this is found in some
machines which are equipped with an
"“unshift on space” arrangement where-
by =z shift te "Letters" occures when—
ever a LTRS or a character space 1is
received.)

Although only 9 elements are used
in the teleprinter code té tonvey in-
Farmation, two other elements are
needed.(Therefore, it is called a 7
or 1.42 unit code.) One of the addi-
tional elements is called a "Start
pulse"; it is always a Space, and it
precedes the first actual character
code element. It was explained that
the start pulse is needed to alert
the receiving machine that a charac-
ter is coming, anmd it is used teo
start the timing process within the
receiving machine. The other extra
element 1s called a "Stop pulse".
It is always a Mark and it follows
the last character code element; its
purpose 1s to provide a period of
time between the end of one character
and the beginning of the next char-
acter so that the receiving machine
can finish the deceding process and
start the printing process before the
next character arrives.

THE LOOP

A Teletype machine is made to com-
municate with 1itself or other na-
thines by connecting the keyboard
contacts and the selector magnets in-
to 2 series circuit along with a va-
riable resistor and a DC power supply
of at least 130 wolts. Essentially
any number of machines can be connec-
ted into this series loop, although
too many selectors will tend to dis-
tort the code pulses and pay cause
errors. Once the machines have been
connected, the variable resistor is
adjusted until &0 mA is flowing in
the loop. The voltage across the se-
lector magnets in any machine is ir-
relevant: the current flowing is what
is important - however, the power
supply in the loop must have at least
130 volts.

TRANSHITTING

The opening and clesing of a loop
by the keyboard can be transmitted
by radio wusing two different, but
closely related, methods,
nethod, czlled audio fre-
guency shift keying [AFSK), the key-
board contacts are connected to an
audio frequency oscillator; an oscil-
lator built for this purpose is
called an AFSK keyer. When the ¢on-
tacts are closed [Mark), the output
frequency of the oscillator is 2125
Hz. When the contacts are open
{Space}, the frequency is 2295 or
2975 Hz (depending upon whether nar-
row or wide shift is being used, re-
spectively). The output of this os-
cillator 1s connected to the audio
{microphone} input of a voice (DSB
AM or FH) transmitter. AFSK is usu-
ally used on 2 and 6 meters. AFSK
when used with a DSB AM transmitter
is called A2 modulation and when used
with an FM transmitter is called F2
modulation.

The other method of transmizsion
is called freguency shift keying
[FSX). The keyboard contacts are con-
nected to the oscillator in a CH
transmitter. The connection to the
oscillator tuned circult is made thru
a diode and an RFC. {The actual ¢ir-
cuit depends upon the specific make
and medel of the transmitter and upon
the wmethod of connection from the
keyboard). When characters are sent,
the contacts on the keyboard open and
¢lose and this changes the frequency
of the transmitter. The Ffreguency
change is wvery smnall; usually, the
Space frequency is either 170 or 850
Hz above the Mark frequency. Note
that unlike CW, the transnitter is
on the air continucusly; the only
difference between a Bark and 2 Space
is a slight difference in the output
freguency of the transmitter. FS5K is
usually used en B0 thru 10 nmeters.
FSK is called F1 modulation.

FSK can also be generated by a hy-
brid of the two methods just des-
cribed. The output of an AFSK keyer
is fed inte the zudic input of an SSB
transmitter. Because the transmitter
suppresses one sideband and the car-

In one

rier, the output signal appears iden-
tical to that of a direcily generated
FSX signal.

REGEIVING

When receiving an AFSK signal, the
receiver is tuned as it would be for
3 voice signal. The output from the
receiver is connected to the input
of a terminal unit (TU). The output

of the TU is connected into a loop
containing the selecter magnets of
a teleprinter. The TU "listens™ to

the tones. When a Mark tone is re-
ceived, the TU allews current to flow
in the loop; when a Space tone is re-
ceived, the TU stops current flow in
the loop.

FSK is usvally received in a manner
similar to CW. The BFD in the receiv-
er is turned on and the F3K is auto-
matically converted to AFSK by the
receiver, The receiver tuning is more
critical than it is with CW because
the receiver tuning determines the
frequencies of the AFSK signal ap-
pearing in the output, and the fre-
quencies must correspond with the
frequencies for which the TU lis
built. Once the receiver has conver-
ted the FSK signal to AFSK, the re-
mainder of the raceiving process is
the same as it is with AFSK.

AN OVERALL VIEW

The whole sending and receiving
precess can be summarized by saying
that when the keyboard contacts are
closed, the transmitter semds out the
Rark frequency; the receiver output
will be a Mark tone and the TU will
close the receiving loop. When the
keyboard contacts are open, the
transmitter sends out a Space fre-
quency, the receiver output will be
a Space tone, and the TU opens the
receiving loop.
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"WHY WORK RTTYIM

RITY is one of those quickly grow-
ing "specialized" forms of amateur
comnunications. The attraction to its
devotees is probably a mixture of the
magic of modern digital communica-
tions coupled with the convenience
of written rather than coded or voice
communications. If you participate
in the popular autostart nets, it's
not even necessary to be home when
receiving a RITY message--the printer
or display will record the text for
you to read at your convenience. RTTY
is tery popular among "rag-chewers"
and "engineers' alike; in fact, you
get to do a bit &f both, The rapid
growth of digital electronics has
carried over to both RTTY and the new
home computer hebby. ASCII cemmuni-
cations between Ham computers has
received final FCC approval, If your
"bag" 1is chasing OX, what could be
more satisfying than a DXCC certifi-
cate for all RTTY? There are several
DX RTTY contests sponsored every year
with heavy participation. So, rather
than ask "Why?" ask "How?"

"HHAT DO [ NEED T WORK RTTY?ZY

A ham RTIY station needs a trans-
mitter, receiver, and antenna just
like any RF communications  systenm,
in additien te seme "special boxes
to make the RTTY part werk. Some con—
siderations for the equipment are
outlined below:

1. RECEIVER - TRANSHITTER

The RTTY receiver and transmitter
{or transceiver} should be stable,
well calibrated, and capable of EX
TENDED TRANSMITTER OPERATION, When
you are transmitting RITY, the full
carrier is on for longer periods of
time than for CW or 538 voice. 5o,
check your manual and manufacturer
For RTTY specifications arnd, if in
doubt, reduce transmitter power some—

what. For HF work, 2 good $5B rig in
LSB mode works well with RTTY tones
{more on tones, later), Most VHF-FH
transmitters work with RITY, but
avoid overloading the transmitter as
mentioned above.
2. ANTENNA

A geod antenna will buy you the
same benefits in RTTY as it does in
other modes. One caution though, the
traps on some antennas may not handle
as much power in continuous RTTY
operation 2s they do for CW or 55B

voice. This can especially be true
of trap yagi antennas for the HF
bands,

3, RTTY DEKODULATOR

The demodulator connects to the re-
ceiver audio output and converts the
RTTY tones to keying pulses. The
quality of your printed signal is de-
termined more by demodulator perfornm-
ance than by any other portion of the
systen, Demodulators come in all
shapes, sizes, and prices, HAL offers
the feature-packed ST-6000 with ac-
tive filters, scope, autostart, anti-
space, ATC, DTH, and KOS, as well as
the lower cost 3T7-5000. The popular
ST-5 and ST-6 parts kits are also
still available for the skilled tech-
nician, )
&. TONE KEYER

The tone keyer circuitry converts
the keying pulses from your keyboard
into auvdio teones te drive the trans-
mitter. Since this circuitry 1is
tlosely related te that of the demo-
dulator, both are supplied in the
same cabinet in all HAL demodulators.
5. TERMINAL

The terminal is the device that
prints or displays the received sig-
nals while allewing you to type your
transmitted message. The terminal is
sometimes divided into a keyboard apd
a printer or display section. The
terminal can be as simple as an old
surplus TTY machine or as exotic as
the microprocesser controlled HAL
083100 ASR terminal. An  important
feature of HAL Communications fermi-
nals is that ALL HAL RITY EQUIPMENT
I$ LOQP COMPATIBLE WITH TTY MACHINES.

This means that you can add HAL elec-
tronic equipment to your RTTY systenm
at any time. The advantages of the
HAL electronic terminals are many;
ranging from lack of noise and oil
(keeps the XYL happy and your nerves
sooth¥d) to autematic operator fea-
tures such as real-time editing of
typing errors, programmable identifi-
cation message, and automatic carri-
age return/line feed operations. Also,
the speed of the electronic terminal
is easily changed with a front-panel
switch, Machines require an expensive
gear box or a manual change of gears
to change speed. HAL offers the DS-
3100 ASR and the 032000 KSR terminals,
The DS3100 ASR, DS2000 KSR, and the
earlier DS-3000 KSR all werk the
standard ASCII computer code as well
as the nornal amateur BAUDOT code.

"HOW DO I HOOK IT up?"

Probably the most frightening thing
to the RTTY beginner is the thought
of all those wires that must be con-
nected to make it werk., A particular-
ly complicated RTTY station can have
a real "rats-nest" of wires, but it
didn't start that way. Make connec-
tiens in a logical and step-by-step
manner and all will werk well. All
transceivers are slightly different,
but, in general, you will have to
make these connections:

1. GROUNDING

Before making any other
tiong, decide approximately where
your equipment will be located and
run  short, low-inductance ground
wires (shield braid recommended} be-
tween the cabinet grounds of all
equipment ANO WACHIRES. Do not defeat
the AC safty ground on the HAL power
cords; run separate RF grounds in ad-
ditien to the AC safety ground. LACK
OF ADEQUATE RF RND SAFETY GROURDS
CAUSES MORE PROBLEMS IN RITY INSTAL
LATION THAN ANY OTHER SOURCE,

2. RECEIVER TO OEMQDULATOR

Use shielded cable to conmect a 500
chn audio cutput of the receiver to
the demodulator audio input jack. If

connec—
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you do not have a 500 ohm output, the
4_B ohm spezker output will work, but
not as well: a speaker to 500 cohm
line transformer would be a good part
to add when possible.
3. TONE KEYER 7O TRANSHMITTER

Use shielded cable to connect the
tone keyer output of the demodulator
to the transmitter audio input.Often,
a rear-panel "phone-patch" or Tauxil—
liary input is provided. If not, con-
nect directly to the microphone con-
nector.
4. DEMODULATOR TO TERMINAL

Use shielded cable te connect the
terminal to the demodulator. Use the
curent loop cennection for each. When
connecting to a solid-state terminal,
be sure to observe the proper polari-
ty as indicated in the operater's
manuals. Be extremely when
wiring the loop circuit--potentially
lethal voltages are present when the
equipment is turned on {200 VDC @ 60
na}. Also, be sure that ne part of
the loop circuit is connected to
chassis ground in machines or other
equipment. All RITY equipment is con-
nected in series when the current
loop output is used.
5, CONTROL CIRCUITS

Since the control regquirements dif-
fer with manufacturer, study your
transceiver manual carefully to de-
termine how to control the transmit-
receiver function. Usually, you can
contral the push-to-talk (PTT} line
through 2 pin on the microphone com-
nectar, a front panel switch, or a
rear  panel  accessory  connector.
Initially, try to manually swifch be-
tween transmit and receive until you
are familiar with RTTY operation.
Eventually, you will probably want
to take advantage of the automatic
Keyboard Operated Switch (KOS) fea-
ture of Ethe D53100 ASR and ST-600D.
KOS is the RTTY equivalent to VOX;
typing on the keyboard puts you into
transmit mode. If you pause long
encugh, the %0S "drops-out" putting
you back liato receive mode. KOS is
particularly convenient for short ex-
changes.

careful

NNHAY IS THIS MARK AND SPACE
BUSINESS T

The RTTY signal from the terminal

is a series of pulses. The amatewr

BAUDOT RTTY signal has 7 possible
pulses for each character typed or
printed, each transmitted one-after-

another (serial). Each pulse can be
either "ON" {(current flow in the RTTY
loop) which is called "MARK"™ of MOFFM
{no current flow), the MSPACEM™ condi-
tion. To keep decoders synchronized,
the first pulse of a character, the
START pulse, is always a SPACE {cur-
rent off); the last pulse, the 3TOP
pulse, is always a MARK (current on).
The 2nd through the 6th pulses can
be either MARK or SPACE, depending
upon the ceding required for a char-
acter. The START and all § data pul-
ses are the same lemgth; the STOP
pulse may be either equal to or lon-
ger than the others. The so-called
computer ASCIL code uses START and
STOP pulses but has eight instead of
five intermediate data pulses, thus
allowing a greater number of charac-

‘ters to be encoded, Althaugh all ma-

chines and HAL electronic terminals
use pulses, the MARK and SPACE pulse
conditions are converted inte MARK
and SPACE audio tones for easy radio
transmission.

WYHAT 15 THE DIFFERENCE BETWEEM
FSKX AND AFSK?M

Transmitting RTTY signals via radio
could be done like Merse code with
on-off keying of the transmitter car-
rier. However, the interference re-
ceived during off-times would give
badly distorted printout. Rather, HF
RTTY is transmitted with Freguency
Shift Keying (FSK} so that the mark
pulse condition corresponds te one
radio frequency and the space to an-
other. Amzfeur radio convention has
it that the mark radio frequency is
higher than space and that the separ-
ation of "shift" of ths signal is
standardized at 170 Hz or 850 Hz.
{425 Hz shift is also used by commer-
cial RTIY stations.) Host present-
day amateur RITY stations use 170 Mz
shift exclusively. The FSK signal is
received with the BFO turned on, giv-
ing two asudio Frequency temes for the
mark and space conditions. The audic
tones are, in turn, detected in the
demodulator and the resulting pulses
drive the display or printer. HNote
that changing the transmitter ar re-

ceiver frequency [(om
through frequency drift) will change
the audio output frequency to the de-
modulator. The HF system is therefore
quite drift sensitive. Present HF
equipment frequency stabilities are
quite adequate for FSK RTTY, but it
is only very recently that VHF equip-
ment was available with similar sta-
bility. Therefore, VHF RTTY has tra-
ditionally been transmitted by first
Keying audie tomes with the RTTY pul-
ses and then using these tones as the
audio modulation of an AM or FM VHF
transmitter. This is called AFSK for
Audio Freguency Shift Keying. Current
amateur conventien is te make the
mark audic Freguency lower than the
space frequency by the amount of the
shift., Since the RTTY data is audio
modulation of the carrier, frequency
drift of either transmitter or re-
ceiver is less critical. The audio
frequency of the tones transmitted
is set to be the same as those in the
receive demodulator.

The required radic fregquency shift
keying can be done in two different
ways: shift the frequency of a trans-
mitter oscillator directly with the
RTTY pulses or use a 55B transmitter
with audio tones. Direct FSK keying
circuits are described in most ama-
teur journals and are generally sim-
ple, but require modification of the
equipmpent; generation of FSK with a
5SE transmitter is as follows: If 2
Lower Sideband Transmiter {LSB} 1is
driven with a 2125 Hz audio tone, the
RF output of the transmitter will be
at a frequency 2125 Hz BELOW the sup-
presssd carrier Frequency. A properly
adjusted LSB transmitter will have
MO OTHER output frequencies. IF the
input tome is changed to 2295 Hz (170
Hz shift), the ®F freguency is now
2296 Hz BELOW the carrier freguency.
Thus audic tones into the LSB trans-
mitter have produced FSK carriers out
of the transmitter. Note that, be-
cause the LSB mode was used, the 21235
Hz scandard mark tone For WVHF AFSK
has become the higher radic fre-
quency. Thus, the same demodulator
and tone keyer can be used for both
YHF AF3K and MF FSK operation. Often
this use of audic tones with a SSB
transmitter is mistakenly called "HF
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AFSK"--actually the resulting output
is true FSK, IF the 558 transmitter
has no spurious outputs (such as car-
rier or unwanted side-band). Most HF
RITY amateur radioc stations use audio
tones with a S3B transmitter. Al-
though "standard" audioc tones for VHF
Amateur operation have long been 2125
Hz for mark and 2975 Hz for space
(B850 Hz shift), limited audio fre-
guency response of HF SSB transmit-
ters and receivers has recently given

rise to a second set of "standard"
tenes at lower frequencies ({"Low-
tones“).

"HOW ABOUT HIGH- VS LOW-TONES?M

Historically, demodulator  tones
were set to 2125 Hz for mark and 2975
Hz for space reception of B850 Hz
shift. When transmitter stability im-
preved, 170 Hz shift was used and the

space frequency chanmged te 2295 Hz
(mark remained at 2125 Hz). These
three tones were, and still are, a

standard for U.S. Amateur RTTY. How-
ever, in the early 1960's, virtwally
all commercially available transmit-
ters and receivers became filter-type
S5B equipment with pass~band
lipited to speed Frequencies,
times as narrow as 2.1 kHz {300 te
2400 Hz). Obviously, the 2875 Hz (850
Hz shift Space) tone will neot pass-
through swuch a filter and RS0 Hz
shift with these tones is not pos-
sible (although the 170 Hz shift is).
Therefore, either the $5B equipment
must be modified or different, lower-
frequency tones must be used if 850
Hz RTTY shift is desired. Both ap-
proaches have Gtheir advantages and
both are currently in use. The so-
called "LOW-TONE™ standard sets mark
at 1275 Hz and space at 1445 Hz (170
Mz shift} or 2125 Hz {850 Wz shift),
conforming to the European IARU stan-
dard. So, there arz now two sets of
"standard" tones, LOW and HIGH (as
well as a myriad of others), all of
which work INTERCHANGEABLY on HF
RTTY. However, since the actual audic
tone 1s transmitted for WHF AFSK
operation, the twe sets are NOT COM-
PATIBLE "IN V¥HF AFSK applications.
Current U.S. Amateur operation uses
the HIGH TONES for WHF. Thus, to use
a demodulator and keyer for both HF

audio
some-

and YHF operation, it should be set—
HIGH-TONE gperation. Con-
versely, you may wish to have sepa-
rate stations for HF and VHF, simpli-
fying the cabeling, and providing
simultaneous monitorfoperation capa-
bility, as well as resolving the tone
problen. The HAL ST-6000 and $7-5000
Demodulators are available for either
HIGH or LOW-TONE aperation.

up  for

"WHAT FREQUENCIES DO I USE FOR RTTY?™

HF RTTY Operation has evolved to
heavy operation on the B0 and 20 me-
ter bands (CW segments) with sporadic
operation on other HF bands. 80 meter
RTTY statisns tend to operate hetween
3600 and 3650 kMz and 20 mter sta-
tions between 14.07% and 14.100 MHz.
170 Hz shift is used . almost exclu-
sively with mark being the higher ra-
die Frequency. 60 wpm (45 baud) is
the most popular RTTY speed, but 100
wpm (74 baud) is gaining in popu-
larity.

VHF RTTY mest areas
is concentrated on 2 meter FN with
146.700 M8z being the papular oper-
ating frequency. Virtually all sta-
tions are now using the "High-tones,"
usually with 170 Hz shift. As with
HF RTTY, 60 wpm (45 baud) is most
popular on VHF. Some areas now have
RTTY-only repeaters on 14B,10/146.70
MHz.

operation in

"WHO DO I TALK TO ON RYTYZM

RTTY enthusiasts run the full range
of ages and interests, but tend to
be technically inclined. The typical
RTTY'er is always modifying his sta-
tion, likes to talk, and usually has
more ideas than you have printer
paper {or display screen}! Some oper-
ators are good typists; mest aren't.
The DS3100 ASR letters-fill and edit-
ing modes make even a poor typist
look geod. Recently, the home com-
puter hobby has become quite popular
with RTTY people and you may find a
lot of help in debugging your pro-
grams if that's your interest. There
are an increasing number of DX sta-
tions on RITY.

"HON MUCH DOES IT COST?®

RTTY is like any other hobby—-it
can cost as much or as little as you
want it to, If you buy used machines
amd build kits or your own design,
the total RTTY cost can be quite low.
Conversely, the DS3100 ASR and ST-
6000 offer an ULTIMATE RTTY station
that is expensive., Because all of the
HAL RTTY products are current loop
compatible, you can add devices as
your interests (and pocketbook) indi-
cate. For the beginner, WAL has the
following recommendations:

1. DEMODULATOR

Assuming you already have a good
transceiver and antenna, your first
major RTTY purchase should be a good
demodulater, The HAL S$T-5000 makes
a particularly good, cost-effective
unit. If you select a high-tone ST-
S000, 1t will be usable for either
VHF or HF {170 Shift} RTTY operation;
if you are only interested in HF RTTY
{for short-wave-listening to
stations, for example), the low-tone
may be a better choice. Con-
versely, you may wish to "jump-in"
and get the ST-6000 from the first.
Either way, put high priority on a
G000 demodulator,

2, TERMINAL

You can spend very little or a lot
on the terminal. A surplus machine
can often be aquired at a hamfest for
little cash Howaver, by
the time you figure out how it works,
Fix it, and buy parts and manuals the
total cost may not be so low. If you
do, vyou'd better be prepared with
teels, oil, and patience. Newer na-
chines require less work, but alse
cost more., On a feature—for-feature
basis, either the DS2050 KSR, C72100,
or 053100 ASR are more cost effective
than other terminals presently avail-
able. Certainly a "solid" beginner's
RTTY station would be the D52050 KSR
with a video monitor. For the more
serious enthusiast, HAL offers the
CT2100 or DS3100 ASR.

press

unit

invesktment,
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IMPROYED SCOPE DISPLAY

Iryin Hoff, WGFFC

INTRODUCTION:

Solid-state demodulators such as
the §7-5 and ST-6 use relatively low-
voltage power supplies as compared
with tube type units like the TT/L,
etc. As a result some oscilloscopes
of modest gain give mediocre displays
when used wWwith these units. Addi-
tienal tuned circuits could be used
for more precise tuning and straigh-
ter lines on the scope, but these
further reduce the voltage to the os-
cilloscope. Finally, some scopes have
rather low inpedance inputs that
tend to unbalance the discriminator
output and further reduce the voltage
available, The following paragraphs
will describe a simple and low-cost
circuit that provides ample gain,
very high input impedance, very low
output impedance and excellent preci-
sion for sharp and accurate tuning.

THE CIRCUIT:

The scape output of the 8T-5 is run
through an iselatiom resistor. A 3.3
meg is suggested. After this, a
parallel-tuned 88 Mh. torsid is con-
nected to the non-inverting input
(narked plus) to ground. The dual 741
op amp then amplifies the small volt-
age (approximately 70 milli-volts by
this time)} back up te about 1D velts
peak-to-peak at the output of the op
amp. The tuned toroid not enly gives
a very sharp, precise tuning display,
it also has sufficient selectivity
to give virtually straight lines on
the scope in place of the customary
"bananas" seen with simple linear

The input impedance at the non-in-
verting input {marked plus) is wvery
high, in the order of at least sev-
erzl hundred megohms. The output im-
pedance is very low, typically less
than one ohm. The circuit can be used
successfully with low  impedance
scopes such as the Heath Meniter-
scope, etc,

CONPONENTS:

The dual op amp may be any of a
variety of integrated circuits. Indi-
vidual 741 units may be used which
sell at places like Poly Paks. The
Signetics N5558Y is a dual op amp as
is the Motorola MC1558G. If you have
a nearby Radie Shack outlet, their
item 276-028 is equally acceptable.

TUNING THE TORDIDS:

Use an identical technique te that
used when constructing the demodu-
lator in the first place. If a digi-
tal counter is handy, the entire job
becomes fairly simple. One toroid is
tuned for mark tone znd the other
tuned for space tone.

A suitabie avdio tone from the re-
ceiver may be used to tune the fil-
ters, but in this case use as large
a resistor betwsen the audic source
and the tuned circuit as is conveni-
ent—at least 100K,

You can alse tune the toraoids "in
place™ in the circuit shown. The op
amp not only will iselate the circuit
but alsc has enough gain to allow use
of normal VYOM While tuning the to-
roids.

The output of this circuit is typi-
cally 10 volts AC, peak-to-peak. This
should be substantially more than
minimum necessary to run even the
most modest scope.
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SUNMARY:

The scope output veltage of solid
state demodulators such as the $7-5
and ST-6 is relatively low. It may
be insufficient to give a suitable
display on oscilloscope with modest
gain. In any event, the use of addi-
tional tuned circuits is quite advan-
tageous as they will give a nice dis-
play with straight lines as well as
good precision tuning. The <c¢ircuit
shown will accomplish this at a very
nominal cost. The op amps are inex-
pensive and use the plus 12 and minus
12 volts available from the demodu-
lator.

A NOVEL AFSK GENERATOR

Chuck Edwards, WGMRO

A novel AFSK gemerator - using a
8038 chip. This is a very simple cir-
cuit and is quite drift free after
about five minutes of operation. The

chip will, in addition to a sine
wave, also produce a triangle and a
square wave.. However, we will use-

only the sine wave,

Space tone is set by trimmer RH and
mark tone is set by trimmer R3. The
mark tome is obtained by grounding
the base of the WPN transistor.
Grounding the base causes the tran-
sistor to conduct and lower the wvolt-
age on pins &4 amd 5 on the chip.
Trimmer RB is used to adjust the out-
put level,

Please note that plus and a minus
12 veltages are required together
with a commen ground,

When adjusting the space and mark
tones you may have to readjust as
there may bs a small amount of inter-
act between the two adjustments.

This generator can be made on a
very tiny perf board and stuffed al-
most anywhere. The only eguipment you
will need is 2 freguency counter and
even that is not a necessity as you
can get a buddy to help you aver the
air in making your tone adjusiments,
=t
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lryin M, Hott, Wbfri

The 57-5 was designed to be as sim-
ple as an adequate demodulator could
be. At the time it was offered, the
5T-3 provided a modest-cost unit with
sutostart snd motor delay. The 51-3
is now conmsidered somewhat obsolete,
partially because the General Elec-
tric PA-238 op amp is no longer
available. After 2 number of people
tried to modify their 87-5 for aute-
start by adapting portions of the ST-
3 or 57-6, we decided to see if a
simple autostart could not be devel-
oped directly for the 57-5.

The results have been quite satis-
Factory. One op amp and two transis-
ters plus a2 relay have been used.

CHANGES TQ THE ST-5

The anly changes to the ST-5 needed
to adapt the autostart section are
the addition of a 33K resistor and
parallel diode on the output of the
slicer op amp. This is shown in the
upper-left corner of the diagranm,
This makes tha output of the slicer
¢ircuit identical to that of the SI-6.
The input of the autestart is marked
AN and connects to the emitter of
the meter transistor.

ADJUSTNENTS:

There are literally no adjustments
at all. The silicon diede on the nen-
inverting input of the 741 holds the
bias on the op amp to approximately
0.7 volts, The divider network on the
inverting input allows the veltage
with authentic RTTY signal (properly
tuned) to rise tc approximately 0.¢
volts. As the voltage rises higher
than 0.7, the output of the op anp
suitches rapidly from positive ocutput
te negative output, turning the motor
on and removing the voltage on the
base of the keyer stage that was
holding it in standby with no signal.

PROBLENS TO CONSIDER:

There are a number of problems in

designing a suitable autostart sys-
tem. First it should ignore voice ar
C.W. an the frequency, To do this we
require it to respend only to signals
which are the equivalent of at least
70-80% key down, continuously, So it

will net turn off toc quickly for
static bursts, momentary interrup-
tiens, et¢., we ask it to continue

for abeut 1 second after the signal
stops. {At 60 speed, this would print
about 5-6 random garbie characters.)
With this in mind, the turn-on tinme
then would need to be about 3-4 sec-
onds, or the equivalent of about 20-

22 characters, Finally, we hope it
will be able to copy stations at
least 40-50 Hz off the frequency,

assuming their shift {s correct.
HON IT WORKS:

With no signal, there will be a
random voltage level showing on the
meter. This should be significantly
less in  amplitude thar the value
shown on the meter when a signal is
present and tuned in for maximum in-
dication.

With no signal, the voltage at the
emitter of the meter tramsistor is
passed to the autostart curcuit
through the diode, and then via the
divider network charges up the 20
Hfd. capacitor. Due to the time con-
stants involved, this veltage will
not be as great as the 0.7 volts on
the non-inverting input of the 741.
Thus the op amp has positive veltage
on its output. This is passed through
one diode to paint "ABY and holds the
base of the keyer transistor in mark-
hold. At the same time, the other
dicde blocks this positive voltage
at the output of the 741, thus the
motor control circuit is not acti-
vated and the motor remains off.

When a signal appears, the voltage
at the meter rises, thus the charge
on the 20 Mfd. capacitor at the input
to the 741 also rises. As it passes
0.7 volts, the op amp switches ab-
ruptly, and now has negative voltage
on its ocutput., The diode at AB now
blocks this wvoltage, allowing the

keyer transistor to print the incom-
ing signal normally, and at the same
time the other diede allows this
negative wvoltage te pass, quickly
charging the 20 Hfd. capacitor at the
base of Q3. As 03 conducts, it puts
voltage on the base of Q4, allowing
it {T conduct, operating the relay
and turning the printer metor on,
When the signal stops, the voltage
on the 2B Mfd. motor capacitor bleeds
of f slewly, due to the high impedance
of the emitter—follower <circuit.
Approximately 25-30 seconds later,
the motor turns off. This delay may
be shortened by Llowering the wvalue

of the 1MW resistor in parallel with
the 20 Mfd. capacitor, or by using
a smaller value of capaciter. This
time was chosen to keep the motor
from turning off prematurely if a
person was sending compulsory c.w.

identification, or was a little slow
in turning on his transmitters.

TRANSISTORS:

02 is any high-voltage transistor
capable of handling 300 wvolts or
more. Several suitable choices are
made by Delco, International Recti-
Fier, Motorola, the HEP line, RCA and
others, Several of these Ffirms now
make 450 wolt tramsistors that are
small and low-cost.

02 is a PNP, and almost any silicon
type should be suitable, A Motorola
WPS-3703 is one suggestion and the
ZN3906 is another,

04 is alse a PNP, but here 2 high-
current type should he used, as it
will drive the relay. A good sugges-
tion would be the Motarola MJE-370.

THE RELAY:

The relay is a 12 volt type with
DPCT contacts rated at 10 amps. You
could "get by" with 5 amp ratings,
but the surge current on the mator
would be a bit hard on this type of
relay. A suitable relay would be the
Potter £ Brumfield KALIDG. As this
is a 17 wvelt ralay and you will be
using unregulated "12 volts" to operw
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ate it, a series raesistor of &7 chms
is shown to keep the current to that
recommended in the relay. This resis-
only a suggested value and
might need to be thanged. The higher
voltage is advantageous as a "start-
ing kick" for the relay.
b diode is placed in parallel with
the relay coil to prevent back emf
- from the inductive spike from damag-
ing the transistor the relay
opens,

tor is

when

L.

AUTOSTART OFF SWITCH:

In the event the operator wishes
to turr the autostart off, 54 is
closed.

STANDBY SWITCH:

The origianl standby switch was a
SPST across the collector and emitter
of the keyer transistor. This is
still adeguate, but at times the

motor might turn off when transmit-
ting, if the receiver is carried in
standby, prohibiting the audio signal
from operating the autostart, Chang-
ing the standby switch to a DPST and
using the second pele to ground the
collector of the 04 transistor will
keep the motar on while transmitting
--quite often you will not be exactly
on the same fraquency with your re-
celver as you are transmitting on,
and this will prevent the motor from
turning off. '

Another possibility would be to use
the second section to parallel S4&
during standby, as this would provide
similar results, but keep the 20 Nfd.
motor delay capacitor charged up as
well,

THE WOTOR JACK:

Many printers have 3-wire plugs,
so we suggest you use a pelarized 3
way coanector on the ST-5A. Hany
tases have been reported where a
printer is 120 wolts with respect to
other items in the shack that are
grounded. Using greunded coennectors
and 3-way wires to the printer should
effectively prevent voltage differ-
ences from appearing. We weuld also
suggest your using a 3-way table and
connector on the S§T-5A4, as well. Be
sure the jack on the collector of (2
for the teleprinter is insulated fron
ground.

TURN-ON TIRES:-

If the turn-on time and turn-off
times de not seem suitable, some ad-
justment can be made by changing the
91K resistor to the next larger or
next smaller size, However, 3-4 sec-
onds is considered normal for this
type of autestart, and this is simi-
lar to the concept used on the other
Mainline demodulaters. If you insist
on having a faster turn-on time, you
could also use a smaller capaciter
tham the 20 Mfd. shown. That would
still retain the 70-80% continuous
key-down requirement to ignere c.w.,
etec.

CAUTION:

Be certain te use FNP type transis-
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tors for Q3 and Q4, and note they
connect to negative voltage. Also be
careful to orient the capaciter on
the base of Q3 with its positive ter-
minal grounded!

CONCLUSION:

With only a minor modification ex-
isting §T-% units, this autostart may
be readily added. Its simplicity is
in keeping with the design concept
of the §T-5, which was to give ade-
quate performance from a very simple
circuit. Adding the autostart
verts the §7-5 to & $T-5A. Boards and
components for up-dating the S5T-5 or
for bullding the ST-SA are available
from Hal Communicatiens and from
PEMCD. Autostart allows the operater
to leave the room temporarily, aor
even to moniter a frequency 24 hours
a day, unattended. MNotor c¢ontrol
makes the entire operation complately
automatic.

Con-

UPDATED ST-5 MAINLINE DEMDDULATOR

For those interested in 100 speed,
change the 0.068 capaciter on the in-
put to the slicer to a 0,038, A& 741
may be used Ffor the slicer if de-
sired, in which case the 220 pf,
0.005 Mfd., and 1.5K components are
teft off, as the 741 is internally
compensated. Regulated voltage has
been added, as shown.

Both Hal Communications and PEMCO,
and possibly others, offer boards,
components, kits and ready-to-use St-
S units,

The 5T- 3 was a successful solid-
state design that introduced inte-
grated linear operational amplifiers
to rtty, It was still moderately com-
plex, however, and fell short of the
goal to supply the beginner with
something that could be built in a
few hours.

THE 5T-5 DEMODDULATOR

While developing a unit based
prinarily on ICs to replace the T7/L-
2. a very simple madulater with creat
potential was developed: the §7.5,
As with any simple circuit, the cost

of the power supply is out of propor-
tion with the rest of the unit. At
1970 prices the ©S57T-5 costs only
$16.50 less loop supply (%8) and 2
plus-minus 12-volt supply {§11).

The total cost of $33 is not overly
impressive wuntil you realize this
unit c¢an, if desired, be used as 2
building block for the more exotic
51-6,

Almost every compenent wused here
can be used in that unit.The 3T7-5 is
d basis from which the beginner can
expand--it's not just a collection
of parts that will find no Ffurther
use when he is ready to broaden his
horizons to mare sophisticated equip-
ment.

FEATHRES

Tha §7-5 uses two operational
anplifiers (fig.1}). One is an audie
limiter, and the other is a trigger
stage to drive the keyer. It has a
175-volt loop supply of the same type
used in the TT/L, which provides
plus-minus voltages for keying 2
transmitter and also features narrow-
shift cw identification. Finally, the
5T-5 has a symmetrical plus—minus 12-
volt power supply.

LIMITER

The 709C op amp has over 90-dB gain
and is good to over 10 MHz. It makes
an ideal limiter. The zener dicdes
on the input don't assist in the
limiting; they merely protect the
709C against damage in the event of
excessive audio input (hardly likely
but werth the protection), The limit-
er puts out sgquare waves and is s¢
powerful it starts working on inbut
signals as low as 200 MV¥. The 25k pot
meraly balances the small offset in-
put voltage for maximum gain. This
voltage varies slightly from one unit
to another, sc & cantrol pot was
added rather than a fixed resistor,
which many units use,

DISCRIMINATOR/DETECTOR

It's difficult te use ths same
value inductor with different capaci-
tars and expect to obtain twe similar
filters of equal characteristics. To

get similar band-width, voltage out-
put, neise response, etc,, some load-
ing is necessary, Most simple demodu-
fators merely balance the voltage or
ignore all the problems completely.
Without belaboring the point, it's
not a simple job to get all these
facters to balance suitably; but it
is possible, and the Mainline units
all have filters that have been de-
signed with care,

The S7-5 offers 2 c¢hoice of the
2125-297% mark and space tones {con-
sidered standard}, or the 1275-2125
low tones necessary in some nmodern
receivers. (Actually mearly all these
receivers respond beautifully to 2975
tones and higher, but a new bfo crys-
tal is needed.} The best results come
from the 2125-2975 tones, since the
two frequencies are only about 28%
apart while the 1275-2125 tones are
40% apart; thus it's a more difficult
Job to separate the harmonics and
achieve proper filter design.

The detector Ffeatures Ffull-wave
rectification Ffor most efficient
filtering of the dc ripple remaining
after the audio has been rectified.
& simple RC low-pass filter removes
the remaining audio components,

SLICER

The slicer takes the small voltages
frem the filters and changes them to
roughly +10 volts For mark and -10
volts Ffor spate, regardless of the
original amplitude. This in reality
is a dc limiter, as a signal as small
as a 100AW or so will cause the unit
to saturate completely, either plus
or ninus, depending upon the polarity
of the applied signal veltage. The
unit has so much gain that at the
tross-over point, a change at the
audio input as small as one or two
Hz will cause this trigger stage to
flip From «10 to -10 welts, This is
another way of saying shifts as low
as 3-4% Hz could be topied on the $T-
5 if tuned in properly.

KEYER STAGE

A 250-volt Motorcla 20W transister
selling for $1.08 is used. The normal
loop-supply current for TTY machines
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is 60 mA. This transister has a large
amplification factor and acts like
an on-of f switch, When on, the power
consumed in the transistor is only
0.012 W; so in the 51-% there's no
way you could ever damage that tran-
sistor.

An RC network im the 2N565% col-
lector takes care of thes back enf de-
veloped by the inductance of the se-
lector magnets in the printer during
the transitien from space to mark.
The transistor is biased off during
space. A diode in the base circuit
keeps this negative voltage below the
peint at which the base-emitter junc-
tion would be reverse-biased,

STANDBY SHITCH

When $! is closed, the wunit is
placed in mark. When 51 is opened,
the printer can follow whatever is
fed into the limiter from the re-
ceiver,

As explained previeusly, the urit
has so much gain that a signal as
small as 3-& Hz can be capled if
tuned correctly; this is called
straddle tuning., However, for 170-Hz
shift you may wish to add a switch
that changes the space filter to the
new frequency. Fig.2 shows the way
this would be actomplished if using
the normal 2125-2975 tones, and fig.3
shows the circuit for the low tones
of 1275-2125. This is merely an expe-
dient and deesn't result in proper
Filter halance, but it provides good
170-shift reception with the switch
closed, or normal B50-shift reception
with it open.

R e e i
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i o

g, 2. Swilehing clreult tor sdding 170 shif 13
spwce Mibar far 2123-2978 lonea.
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tg. 3. Switehing cireult far adding 170 shifl to
pace HiksF for 12753-2123 lones.

TUKRING IHDECATOR

Provisions are provided for connec-
tiens to the wertical and horizontal
amplifiers of a scope (fig.1}. It is
customary to connect the mark signal
to the horizontal amplifier and the
space signal to the vertical ampli-
Fier, although many this
method.

Most peeple prefer a scope indica-
tion, but an excellent tuning irdica-
tor is previded at peint A (fig.l].
A voltmeter connected to this point
will give equal woltage indication
for mark or space. With RTTY signals
the meter should stand still. If it
doesn't, retune the until
it dees. If straddle tuning a signal,
the meter may read less than normal,
although it won't move. This is ner-
mal and merely indicates the shift
being copied is not the correct shift
for the filters you're using.

Fig.4 alse shows how a 0-1 nd meter
may be added. An inexpensive HNPN
transistor is used, such as the MPS-
3394, although any NPN tramsistor
would be satisfactory here. The capa-
citor merely dampens the meter so it
deesn't flip around too violently,
If your meter is tuo damped, remove
the capaciter or try a smaller value.
This was suitable for the inexpensive
imported meter used in my unit.

reverse

receiver

47100

FiG. 4 OPTIDNAL
TUNING INDICATOR

THE TRANSMITTER XEYER

Fig.5 shows a typical F3K keyer for
installation in the transmitter. The
components can be mounted on a small
terminal strip and placed near the
¥F0 tube under & convenient mounting
screw which also serves as a ground
return, The trimmer is connected to
the cathode of the ¥FO tube and the

tube replaced in its socket; thus,
no changes of any type are made to
the transmitter and its resale value
is not affected. There should be room
for several keyers if you wish to
have the convenience of both 170 and
as0 shift,

Although a 3-12 pF trimmer is shown
in fig.5, some transmitters only re-
quire a 1.5-7 pF trimmer. It is sug-
gested that you do not substitute for
the 18270 diode as it is superior %o
most sther types in this application.

If your signal is reported as "up-
side down," reverse the INZ70 diode.
If you do not obhtain sufficient CW
shift with this connection {conduct
on mark], the 500-ohm CH-shift pot
should be connected to the opposite
side of the 8.2k resistor at the
junction of the two 15k resistors
(fig.1).

rian FaS

fig. 3. To pad fsh to HicraHy smy tranymitter,
conmect a 3-12 pF trdmmer te tha cathede pin
al ihe o lubae.

CONPONEMTS

The 709C op amps are supplied by
various manufacturers including Sig-
netics, Fairchild, and Hotorola.
Prices are constantly being reduced
as devices become avallabe from more
companies. When I first started work-
ing on a super deluxe demcdulatoer
in the fall of 1967, I paid over $10
each. How they're teo cheap not teo
use, The Motorola unit cam be pur-
chased through most distributors, in-
cluding Allied and Newark, The Fair-
child unit can be mailordered
the firms below. Specify the
can, as this is easier to work
than the dual in-line lé-pin
{same cost]).

The diodes marked G in fig.l are
LN270 germanium at 32¢ each. Thoss
marked SIL are most any silicen type,
such as the 142069, The one in the
loop supply should, however, be a

from
10-5
with
type
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minimum of 400 volts PIV. Fifty_wolt
PIY is suitable everywhere else.

The 8B-mH toroids are available
from various sources for about 40g
cach. They're wired in series for 88
mH, and the junction of the two wing-
ings is grounded.

If you have an accurate means of
determining the frequency, you can
tune the filters by removing turns
of wire From each of the two sections
concurrently to keep the turns ratio

in the two windings the same. One
turn from each of the two windings
will increase the Ffrequency about

6 Hz at the 2125 freguency, for exam-
ple.

Use Mylar capacitors, such as the
Sprague Orange Drop. Twenty-five-volt
tapacitors are adequate, but you'll
probably wind up getting 200¥ types.
They are only 15-21¢ each.

The pots can be the inexpensive
Mallory PC board MIC types. Other
pewer transformers may be used, but
the Tiad F-40X is an excellent buy.

PRINTED-CIRCUIT BOARD

The printed-circuit boards hold all
of the components except the tuo
transformers and the contral
switehes. This greatly enhances con-
struction, and at the same time makes
it possible for nearly anybody te
build an extremely nice-looking unit,
The printed-circuit board includes
one section for the power supply and
ancther for everything else. The
board may be split down the niddle
and the tue sections mounted back-to_
back as I did in my unit, or the
board may be left intact and used
with a more shallow chassis.*

ADJUSTHENT

With no input signal, or with the
input grounded, adjust the pot on the
limiter for zere volts de at pin B,
[f this isn't possible, you'd better
write me and explain thoroughly, as
you probably ruined the op amp some-
how. By the way, unless you get tao
much voltage on pins 2 or 3, like the
full power—supply voltage, or get the
plus-minus hooked up backwards, it's
very difficult te ruin these things.

By follewing even the most elementary
tonstruction practices, you'll have
no problems with the 7040,

After balancing the lipiter for
zero volts qutput, connect the re-
ceiver and tune to maximum mark and
note the indicatien on your tuning
indicator (fig.4) or on 2 voltmeter
connected to point h. Tume to space
on the receiver and again note the
reading. If the indications are not
the same, adjust the Sk pot on the
limiter ocutput until they are. You
have now finished all the adjustments
and they should require no further
attention at any time unless you
switeh to 170 shift, for instance.
In this event you may or may not want
to reset the filter balance pot. I
suggest you leave it for the B850 set-
ting and take what you get on the
170-switch position, as this is a
somewhat artificial method of getting
geod 170-shift reception.

When transmitting be certain to
first close the standby switeh or you
can get feedback, which will produce
errors sinilar to these you would get
when using a microphone if you didn't
turn of f the speaker.

OTHER DP AMPS

The 7090 is to other op amps what
the Ford V-8 was teo other automg-
biles. It not only led the way; it's
still in use. The 709C was {and is)
one of the cheapest ICs of its type
available. One would gain very little
and stand to lose a lot by trying to
substitute other units. The 741 and
748, for example, have a bit pmore
gain, higher input wvoltages, and re-
quire no frequency compensation.
Their biggest disadvantage here is
that they're not at all suited as
audio amplifiers. At 2 kHz they have
only 30-40 dB gain and make a poor
audio limiter compared with the 709C.
So unless you know what you're doing,
stick to the 708C.

*Hamilton Electro Sales, 340 East
Hiddlefield Road, Mountain View,
Calif. 94040 and G.5. Marshall Co.,
732 North Pastoria Avenue, Sunnyvale,
Calif.94086 (also carries Signetics).
If buying Moterela version, ask for
the MC-1709CG. Texas Instruments 709

op amps are $1.50 each {or 7 for $10)
from HAL Devices, Box 355, Urbana,
Illinois §180)1; ask for SN72709L.
NARK-SPACE INDICATOR LANPS

Adequate indicatoer show
mark or space are shown in the par-
tial drawing of the loop supply. Any
type of low-curent neons should be
suitable. Their |wuse enhance
tuning in 2 signal and they help to
indicate if a station is upside down

lamps to

does

or not.
W 4 » —
ISH/ZW
1o 8, 2K loap
Hirmr
ISKFTW
1 J}
s &

:

220K f 2T80/20W

Maan

Murk WEFFC

MARK & SPACE INDICATOR NEQNS
s ————————— =~

NORMAL-REVERSE SWITCH

No normal-reverse switch has been
added to the ST-5. While possible to
incorporate one, {see the $t-6 sche-
matic) it seems hardly necessary. At
my station, I do not recall having
heard more than 1-2 stations Mupside
down" in the past year. Using the
other sideband on  the receiver
nermally accomplishes the same thing
as a reversing switch.

THE ST-5 AND 170 SHIFT:

At the time the ST-5 was originally
designed, a majority of stations were
on B50 shift. These days, anly z few
stations use 850 shift on H.F.;nearly
everybody having switched to 170
shift. If you wish to optimize the
§T-5 for 170, you would want to use
the following component values:

($T-5 b.)
170 Shift Values

Ri2 6800
R14 6800
R1S 100K
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THE POMER SUPPLY

Several transformers are suitable
for the loop supply such as the
Stancor PA-B8421, or the Triad N51-X.
Alnost any transformer rated for 24
volts C.T. will be suitable for the
power supply, if rated at least 200
mills.{The relay will take about 100-
150 nills, depending upen brand,)

Hal GCommunications has a special
transformer made exclusively for them
by Stancor which combines both the
loop and power windings. This saves
not naly space but money.

COHCLUSION

The $t-5 was designed as a simple
but highly effective RTTY demodulator
using the best of currently available
concepts. It should be a very popular
unit for some years to come, as it's
impossible to imagine at this time
how any additional performance could
be  made available—-it's already
ridiculous to talk in terms of 30 +
dB amplification. Only a completely
different concept of RTTY processing
could ocutdate the St.5, and that
seems quite unlikely to occur until

we all get computer terminals in the
shack.

REFERERCES

1. RTTY, WNovember
August 1965,

2. RTTY Journal, September 1367; also
§ST, May, June 1989,

3. RTTY Journal, September 1968: also
QST, April 1970.

1964; also QST,

Note: Prices quoted are as of early
1973.

STUNT BOX HODIFICATIONS

Iryin Hoff, WEFCC

This series of articles will enable
vou to buy the parts needed to con-
vert a "stunt box" {2BKSR) to amateur
conmunications standard, as well as
offer various possible
stunt box combinations to do various
automakbic features such as statien
control, automatic reperf turn-on and
turn-off, autematic er-if, automatic
non--overline, and many other helpful
little things which will become more
evident as we get into the machine
Further.

A model 28 is one of the early
types of computers. In fact, a Tele-
type machine itself is actually an
early form of computer. The first
thing we want to do is change the
keypallets and keylevers to communi-

later on,

cations instead of business type
having fractions. This article then
will be primarily an 'Morder form"

with which you can determine the
parts you will need to put the ma-
chine into suitable confiquration For
amateur reception,

Since Bell System machines do not
normally need or use aute CR-LF,about
30% of the machines delivered need
some major modifications to enable
this to be added; the other 60% for-
tunately need almest no changes at
all to the machine itself. In either
case, the stunt bex needs some parts
added.

We suggest first of all you look
at the left end of the printing unit,
just below the left ribbon spool. See
Fig.l--we have tried to show with an
arrow (of sarts) where the code bars
for the printer stick out the left
end, At the right of that housing are
numbers for each of the code bars.
You will have either 8 or 9 code
bars, if you have all 9 including the
next to the bottom one marked "0,
you are all set and only need the
137314 mod kit te complete the auto
CR-LF set-up te the machine propar,
If you do not find any code bar
there, you wiil need the 152348 mod.
kit.

Now look in Fig.2--this is a photo
of the new bellcrank that should be
in the machine if it has all ¢ code
bars. If you are missing the "0" bar,
you will most likely aot have any
bellerank at this position at all.
Yau can also determine this quickly.
If there is no bellcrank, it will be
included in the 152348 kit with the
"ot code bar, ete.

Fig.3 shows the 157514 mod, kit in-
stalled in the bellcrank--this is
bracket that attaches
through the slot shown in Fig.2 via
a bolt just to the left of the siot.

Thus we come to what to order and
how to order it.

PARTS NEEDED

1f you have the "0" bar and the
bellerank shown in Fig.2, you need
the 157614 mod. kit. If you are mis-
sing either or beth of these items,
you wWill need the 152348 mod. kit.

nerely a

In any event, you will need all or
nearly all of the following items:
GEARS

161253 60-WPM Nylon gear set
AUTOD CR-LF

{cither the 157514 or 152348 nod.
kit, not beth), 157671 Function Bar,
152671 Function Bar (total of twe
needed)
153916 Set of parts for one stunt box
slet,
TYPERPALLETS;

157635 # (slant zero}, 157639
(apostrophe). 157640 {semi-colon),
157641 : (eolon), 157644 ?{question),
157645 ) (right parenthesis), 157646
( (left parenthesis), 157647 ! fex-

clamation mark}, 157659 # (fiqures
H 'numbers' symbol)
KEYLEVERS

151305 F ! (exclamation mark}, 151308
J ' (apostrophe), 151308 K ({ (left
parenthesis}, 1581310 ) {right
parenthesis), 151315 ¢ {colon),
153316 V¥ ; (semi-colen), 151317 8 7
{question mark}, 151318 N , {comma),
152009 4 # (upper H *numbers' symbol
EXTRA KEYLEVERS NEEDED OR DESIRED:
151302 ? # (slant zers), 151372
(blank with no printing, for *blank'}
TYPE PALLET SPRINGS 157238 order 10.
ORDER FROM: Teletype. Corparation,
5555 Touhy Avenue, Chicago, IL 60076,
Attn: Parts Dept.

You can salvage the springs already
in the type-box and use them again,
or you can just rip them out and in-
stall the new springs, if you order
some. Some fellows have already got-
ten the type-pallets and did not

b5



order any springs, then found them-
selves one spring short, for the
"figs H" numbers sign (#) which was
not in the machine originally. Also
you will notice there is already a
comma in the type box, but it is over
the "J" on upper case. You can later
move it over the "N", but do not need
to order a new one.

When ordering anything listed in
the parts catalog as a '"per 100"
cost, be certain you include the
"per 100" cost and then show you do
not want 100, but a fraction of that,
and list the price of the quantity
you are ordering. If you are not
careful, they may think you want say
10 of the item, which comes in 100's

Fig. 1 5 :
-- Left end of typing unit (the front in the stock bin, and send you 1,000
part has been removed to show the total instead of only 10 pieces of
entire code bar lengths) which shows the "per 100" items.

the ends of the cotle bhurs, See Text.
There are some Navy manuals that

'are reputed to be much better than
the normal TTY Corp. manuals, and
these are also available through the
TTY Corp. You would need the parts
manual, the adjustments and lubri-
cation manual and perhaps the general
theory manual, which 1is somewhat
cheaper. The next article will assume
you have gotten the type-pallets and
keylevers and will show you how to
install those.

I'lg.“2 Late-model bell-crank for auto HOOKING UP THE MACHINE
er-1f. Your machine should have this
if it has the “0O" code bar, if no
w code bar, probably no bellerank
either.

You most likely have already dis-
covered how to hook up the machine
for use, but at any rate, here we go.
There is a 120 VAC plug that goes to
the normal wall plug in the building.
The other cable has a telephone block
type of connection consisting of a
(1) green, (2) red and (3) yellow
wire. These are connected on the rear
terminal strip of the cabinet, which
is called the "C" terminal strip.
Thus the green wire goes to C-1, the
red wire to C-2 and the yellow wire
to C-3. The 120 VAC wires go to ter-
minals 39 and 40 at the other end of
the same terminal strip, with the
third wire grounded to the cabinet
itself. i

Raising the lid and looking at the
service panel to the rear of the
printer, you see from left to right
the line shunt relay, the mercury-
wetted polar relay (type 314A, the

. =~ Showing the 157514 mod, kit mount-
ed on the hell-crunk of IMig. 2,

120 DC 3J0 ma. internal loop supply,
and the motor-stap relay.

The 314A polar relay is of the
pressure-filled, hermetically sealed
mercury-wetted type and as such
eliminates the objections most of
us had to wusing the older 255A
type polar relays. It is our sugges-
tion that you use this relay as it
will give excellent results and eli-
minates the inductive back-e.m.f.
normally induced on the demodulator
(TU) when the selector magnets go
from space back to mark. fmong other
things, this allows several machines
to be used on the same loop without
adding distortion, or at least holds
it to an insignificant amount.

The line shunt relay serves no im-
portant function in a ham station,
but since it is already installed it
is useful enough to retain. It shorts
the "signal line" (incoming loop from
the demodular, etc.) out whenever the
motor has been turned off manually
by the switch to the bottom right of
the keyboard, or when the motor has
been turned off by the motor-stop re-
lay. This serves one minor advantage
and one fairly mazjor advantage. The
minor one: The printer stops printing
whenever you turn the motcr off, and
does not print garble while "running
down". The major one: If you remove
the printer from the cabinet to do
any work, it keeps the signal line
shorted, thus if you have a second
machine on the line, it continues to
print normally, rather than 'run
open" when you disconnect the cable
to this printer. One other advantage,
if you have several machines on the
same signal line loop, it shorts the
line whenever the machine is not in
use, thus again minimizing any dis-
tortion that could be added by the
additional machine. These things are
all superficial, but of some small
interest, and justify in my nmind,
retaining the line shunt relay.

The motor-stop relay is something
else. It's an interesting device and
is rigged so that if one types "upper
case blank H" it will close tempora-
rily an electrical switch in the
stunt box which operates the motor-
stop relay, turning off the printer
motor and again closing the line
shunt relay. As soon as the signal
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line is interrupted {as when typing
2 character), the motor immediately
comes back on. Actually, T have heard
no valid reason so far for retaining
this feature, $o most everybody dis—
ables the motor shut—off relays. This
is extremely easy to do and we'll
tell you more atout it in a few mo-
ments.

S0, to hook uwp the 28DSR to the de-
modulator's loop supply, just cennect
the red and green wires to the demo-
dulater, And of course, plug the 120
YAC cable into the wall socket and
turn the motor on wvia the switch to
the bottem right of the keyboard. If
the printer runs "open" instead of
geing to mark {and the demodulator
is in "standby"), then merely reverse
the connections from the demodulater
to the red and green wires. This is
casier than worrying about plus-and-
minus voltages, It either works or
they are back wards,

If the motor doesn't even turn on
at all wunder these circumstancas,
check the fuse on the rear service
panel, check to see if the lights for
illuminating the copy came on, etc,
There is also a tiny red circuit
breaker on the motor base, which is
literally impossible to see wunless
you remove the entire base from the
cabinet. You can Feel it with your
finger, it 1is directly under the
motor housing, If the moter still
does not turn on, probably one of the
wires undermeath the service panel
is loose, or one of the terminals on
the rear YC" terminal strip.

SEPARATING THE KEYBODARD

There are a few people who—-for
various reasons—- will want to keep
the keyboard separate from the rest
of the machine, This is so they can
drive certain FSK systems dirsckly,
or some AFSK systems are set up to
be driven directly from the keyboard.
A few will want to be able to use the
keyboard to drive a reperf while re-
ceiving an incoming signal directly
from the demodulator, At any rate,
here is how you can easily separate
the keyboard and bring out its leads
independently.

1. disconnect jumper beween (-1 and

c-15

2. discennect jumper between C10 and
£-13

3. discennect jumper between C8 and
C-9

4. now place jumper between (-1 and
C-8

5. now place jumper betseen -8 and
C-13

6. You are finished, The keyboard
{and bresk key] is now available

at terminals C-9 and C-15. The line

shunt relay still is in the circuit.

CHECKING FOR BO MA.

Nearly all of the 28KRS Mouse ma-
chines are wired as received for €0
ma. If you study the schematic in-
cluded in the "basement" (bottom part
of the cabinet) you may conclude the
unit is actually wired for 30 ma. or
"series configuratien". Net so¢, in
moest cases. The selector magnets are
indeed wired in series internally,
but this dees not in itself sst the
eriteria for the current in the ex-
ternal signal line. Don't forget that
in this unit we are using a polar re-
lay, together with an internal loop
supply that is isclated from the sig-
nal line by that polar relay. Thus
the external signal line requirements
have no bearing on houw the selector
magnets are connected for the inter-
nal loep supply.

You can easily check to see what
configuration you have, but it re-
guires you to remove the printer and
keyboard base first. This is simple
to do. First you remove the little
piece that runs directly above the
keyboard. There are thumb screus on
the inside of the cabinet at either
end of the keyboard to make remowval
of this piece esasy.

Then on the keyboard base proper,
there are four large bolts to remove,
one at the extreme edge of each of
the four corners. These bolts are
about three inches long, or so, and
go through the top of the keyboard
chassis down to the cross pieces
holding the unit to the deck of the
cabinet. Remove these four bolts, un-
hook the cable to the right side of
the printer unit, and lift the entire
works out of the machine. The rear
service panel of course still remains

Wow at the left ex-
right extreme
panel you will

in the cabinet.
treme end and at the
end of the servicas
notice similar long bolts holding the
service panel to the deck of the ca-
binet. Remove these two bolts. MNow
pull out the on-off switch that goes
from the front of the cabinet back
te the service panel. This rad just
"hooks" into the hole, so try to cen-
ter it exactly in the hole by pushing
down slightly, and then 1t will pull
right out.

Kow turn the service panel upside
down. You will see numerous terminal
strips underneath, all of which start
numbering at the rear and come toward
the front.

The terminal strip at the left end
is the "AM™ strip, beside it is the
"gh strip. (The "CU strip is at the
rear of the chassis itself). The "yv
strip is on the bottom of the polar
relay, the "D" strip is the second
from the right, and the "EM strip is
the final one on the right, Again
notice carefully how they are num-
bered, as they will start From the
front, and it's easy te count wrong
if you den't look carefully For the
numbers on the strips themselves.

For an external loop of 60 ma., the
following should be jumpered: D& to
DS, D05 to D7, and 07 te D&, Ower on
the "J" strip, yeu would have JI-1
to JI-Z. (The instruction book alse
mentions K1 to K2, don't waste your
time looking for this connectioen, it
machines
test key, which none of these have.

Rhile looking down there, if you
do insist on bypassing the polar re-
lay, and wish to get in on the selec-
tor magnets directly for 860 ma, here
is how to do that. Most of you will
wish to ignore this paragraph how-
gver:

1. Remove any jumpers between A-l and

A-2
2. Jumper A-1 to A-4 instead
3. There are two brown Wwires on A-3.

Remove the left one [it goes to one
of the selector nagnets, the other
brown wire goes to a 600 chm resistor
on the polar relay basa) and hook it
on A-2. You can verify you have the
correct brown wire by hooking an ohm-
meter between it and the brown wire

is only in having a line
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on the left selector nagnet on the
printer, although this first requires
you to place the connector back on
the printer, which may be awkward to
accomplish at this time. It alse nor-
mally has a hele in the connector,
while the "wrong one" normally has
only a spade lug on the end.
4. Put a jumper between A-2 and B-5.
This B-5 has a white wire on it
which goes to C-& on the rear termi-
nal strip in the back of the cabinet.
5. You are finished with the power
supply panel, so replace it in the
cabinet, hook up the on-off switch,
and replace the keyboard base,printer
etc, Reconnect the cables to the
printer and keyboard,
§. On the rear terminal, remove the
jumper between £-20 and C-21.
7. You are now completely finished.
The selector magnets are now avail-
able at terminals C-4 and {-20.

There is no need to change any
other wires on the bottom of the ser-
vice panel. By the way, that is
called the MLESU" portion of the

printer. The printer is called the
WP and the keyboard is the "LAKM,
The cabinet is usually called the
TLAAGH,

So if you use the polar relay, and
the connections we mentioned to check
on terminal strips "J" and "D, you
will then use a 60 ma. external loop
to the red and green wires. The se-
lector magnets will actwally be
hooked internally For series configu-
ration of the internal loop. If you
decide to bring them out directly,
they will then be in parallel for 60
ma. operation,

Up to this point, we have discussed
what parts you would want to order,
what manuals you might wish to ob-
tain, how te hook up the machine to
use it and how to bring out the key-
board and/or selector  magnets
directly if desired.

INSTALLING THE KEYPALLETS

The first thing te do is te remove
the ftype-box". This is the black
rectangular object about 2" long and
3/4" high that sits directly in front
of the platen. As you strike various
keys, the type hammer hits various
small perojections sticking out of

this unit, causing them t¢ be knocked
forward against the inked ribbon and
making an impression on the paper.

This type-box is gquite easily re-
moved. Just to the right end, you
will see a light-volored retaining
clamp that is curved. At the top of
this curved pilece is a small lever,
Just take your Finger and push this
lever to the right, znd the curved
piece will move away, allowing the
type-box to be lifted out readily.
At this time, note that end of the
type-box with the hook on it gees to
the left, and the long stud is on the
right end.

Now remove the bolts from either
end of the type-box and pry the twe
peices apart. The unit that faces the
type-hammer will look like a screen
with a lot of heles in it. Lay this
aside until finished putting in the
ned typepallets.

From here, you will want a tiny
screwdriver, a bright light, and if
over 33 years of age, no doubt a mag-
nifying gqlass of some sort that may
be positioned without having to hold
it manually (as you will need both
hands free.} In my case, [ found a
nice pair of nagnifying glasses at
the lecal dime store for elderly
people with poor eyesight, For around
$2 that surely simplified this and
many other jobs where you deal with
small objects. (Stunt box parts,
springs, etc,)

If you have the new typepallets and
springs we mentioned ordering, you
will probably see how the typepallet
first is inserted through the screen
that is closest to the ribbon, and
then a spring is slipped over the
typepallet so the end with the hook
will engage the slot in the typepal-
let. If trying te use the original
spring while exchanging the typepal-
let, this is entirely possible, but
may be somewhat frustrating te disen-
gage the hooked end so the spring may
be lifted off the "old" typepallet.
A small screwdriver can usually be
manipulated so the spring may be re-
moved satisfactorily, and you nmay
even enjoy doing this rather than
just ripping it off and replacing
with a new spring,

Since om the original type-box
there were two "0V tiypepallets and

no "@", you will need to know where
te put your nmew "Slant zero" type-
paliet, It goes beside the 8", The
"comma" goes on the top row beside
the "period", and the "#" (figs h
number sign) goes beside the “comma®,
then.

I do not have any good pictures of
the rear of the type-box, but here
i5 a rundown on what mine now has in
it:

Top row, left—to-right -- 9 {blank)
5 (blank) ({blank] # ..0 {blank) 1
(blank) (blank) H N H

2nd row: 7§ " 3 {blank} 6 ! B D
IESYFX

3rd row: B & ) (blank) 8 § : ; G
RL (blank) T P C ¥

4th row: (blank) ' 2 - 7 1 (blank)
{blank) J W AU QK

In putting the twe pleces back to-

gether, just huld them tightly at
each end and move back and forth
while many of the typepallets will

pop through the rear screen. Then,
while still holding one end tightly,
take your other hand and wiggle the
enes that would not pop through by
themselves until  they do  come
through. It's not a hard job at all
and in no time they will all be prop-
erly positioned and the two 2nds can
be bolted back together once more.
Remember that the heads of the bolts
are on the "ribbon side™ and the nuts
are on the ''type-hammer" side, with
the long cne being on the right end,
as  viewed from the “type-hammer"
side.
ADJUSTING THE TYPE-BDX

You will probably have no occasion
to want to adjust the type-box at
all, but you may wish to know haw it
is accomplished. When you had the
type-box out of the printer, you
probably noticed a small halfround
tab right in the middle of the bot-
tom. Directly ahead of this tab, in
the typing unit itself, is a small
belt with a screw head and retaining
nut te held it in place. This bolt
pivots the type-box slightly one way
or the other so that the top and bot-
tom parts of each character will be
uniforaly impressed on the paper.Thus
if it appears you have normal appear-
ing print, forget about this adjust-
ment, but if all your letters seenm
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to be darker at the top than at the

bottom, or opposite, then adjusting
this 1little bolt should cure the
problem.

INSTALLING THE KEYLEVERS

The easiest way to install the new
keylevers is to take the entire key-
board base out of the cabinet. You
may leave the printer unit on the
base, although it would probably be
easier to carry the base around if
the printer unit were first taken off
the base. Since we have not previ-
ously discussed to any extent how to
do this, a quick review might be
helpful.

TAKING THE TYPING UNIT OFF THE BASE

First of all, unplug the cable at
the rear of the right-hand ribbon
spool. Then you remove four rather
large bolts that hold the printer to
the keyboard base. There is one on
each corner. (1) Left-front, almost
directly below the left edge of the
left ribbon spool, (2) Right-front,
directly behind the right-hand edge
of the "dashpot" cylinder. (3) Left-
rear, directly under the left end of
the paper spool's center and (&)
Right-rear, almost directly under the
right end of the motor cooling fan
and slightly in front of it.

Lift the typing unit off the base
and place on a spread-out newspaper
someplace as the bottom will be oily.

TAKING THE BASE OUT OF THE CABINET

Disconnect the cable at the left
rear, take out the four bolts at the
corners, remove the small green part
of the cabinet directly above the top
edge of the keyboard (held in place
by a large thumbscrew at either end
that you loosened inside the cabinet
to either side of the keyboard) and
then the entire keyboard and base
(with motor, etc.) may be taken
easily out of the cabinet.

Set it on a piece of paper on a
table or workbench in a flat posi-
tion. To either side of the keyboard
will be a plastic plate under which
information is usually placed regard-
ing who to call if trouble exists,

or whatever information the company
or operator has thought necessary to
have available. Anyway, remove those
plastic plates, and the papers that
are beneath them. Now you will see
some other bolts that hold the cover
plate around the edge of the key-
board. Remove those bolts. The cover
will not as yet come off.

Now set the base on end with the
keyboard in the air so that you are
looking at the bottom side of the
base. You now should see the remain-
ing bolts that hold the wraparound

plastic cover around the keyboard,

there should be a bolt at each end
of this cover.

Fig 6

\\ %

Iig. 4 - Keybourd resel bail

Fig. 5 - Under-side of keyhoard with
wrap-around cover removed.

Fig. 6 - Type-hox laken aparl, showing
one typepallet und spring.

Take the cover off, and you will
now see the underside of the keyboard
proper. Before going any further, get
out one of the new keylevers, such
as the "B ?" one. Note how the bottonm
end has two projections with a slot
between, and near the very end the
slot becomes round. It is this round
part that grips the pivot point on
the keyboard lever. Find a screw-
driver whose blade width is such that
without undue work,
slightly separate the two projections
when the screwdriver is inserted in
the slot and twisted a bit for prying
purposes.

Now start with something like the
"Z" character. Depress the key, and
you should hear it go "clunk" and
stay down. If you cannot see on the
bottom of the keyboard where this one
is now a little lower than the rest,
wiggle the "Z" key somewhat until you
see where it 1is, on the bottom.
Insert the screwdriver above the
pivot point, in the "slot" and twist
slightly and just push the
driver straight up toward the key-
board while twisting - the keylever
right off with

The new one then just snaps

can be used to

SCrew-

comes

effort.
into place.

When finished with the "Z", and
going on to whatever is next, you
will find the "Z" has remained down,
and you cannot push any others down.
You merely need to take your hand and
reset the keyboard bail, which brings
the depressed keylever back up and
allows you to depress another. See
Fig.4--you just push the bottom of
this bail plate to the left to reset
it.

Fig. 5 shows the bottom of the key-
board with the
slot above one of the keylever pivot
points, but does not show up as well
as we hoped it would.

At any rate, replacing the key-
levers is not at all difficult and
in fact rather enjoyable. We have to
assume that anybody interested 1in
RTTY probably already has some inter-
est in mechanical objects and not
completely without at least a little
talent in wielding a few basic tools.
Not to slight anybody's ability, but
with these instructions, a typical
high school boy should be able to per

a minimum of

screwdriver in the
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form any of the tasks outlined so far
or planned in the future.

After finished with the keylevers,
just replace the wrap-around cover,
the bolts under the plastic cover
plates, then the papers and covuer
plates themselves, put the keyboard
base back in the cabinet, reconnect
the cable, put the typing unit back
on the base, replace its connector,
and put the bolts back.PRIOR 7§ PUT-
TING THE BOLTS IN HOWEVER, ROTATE THE
MOTOR BY HAND (COUNTER-CLOCKWISE AS
YIEWED FROM THE RIGHT SIDE OF THE
CABINET]} TO MAKE SURE THE GEARS ARE
ENGAGED PROPERLY.

You should now be finished with the
keypallets and keylevers,

DISABLIRG THE NGTOR-STOP RELAY

All ¥mouse’ machines have a motor-
stop relay so that on a given se-
quence of characters, the mator will
automatically turn off. It comes on
again as soon as anybody sends a
character or otherwise causes the
line to open. For amateur purposes
this motor-stop relay has little or
ne practical use in "as is!
We de not recommend taking it
out of the printer but you nmay wish
to disable it for the time being.

On the Mrepaired" mouse machines,
the motor turns off if anybody sends
“upper-case blank H". (This is simi-
lar to, but not necessarily the same
as FIGS BLANK H). On some of the
"mon-repalred" machines,this seguence
was "upper-case blank 7V.

condi-
tion.

If you remove the roll of paper so
you can loeck at the top of the "stunt
box" you will see (slightly to the
left of the center) a
{or brown} plastic piece with some
wires running to it. If you now turn
the motor on and type "figs 5", the
bell should ring, and you should see
some modest mechanical action near
the left front edge of that plastic
block each time you subsequently type
ancther upper-case "S". Just to the
right of the slet which jumps during
an upper—cade YS" is the slot that
operates the switch adjacent to the
switch for the bell. That adjacent
switch momentarily completes a cir-
cuit if an MYupper-case blank H" is
typed (or "upper-case Z" on some ma-

tan-colored

chines} which pulls the motor-stap
relay to the "stop" position,

Just to the rear of that switch is
a black projection sticking out of
the rear of the stunt box. This is
the "function pawl”, It has a hook-
type end on it. If you want to easily
disable the motor-stop from working,
all that is needed is to 1ift up the
rear of that black function pawl and
keep it lifted. This can be done in
a variety of ways, but for now let's
rust say that the easiest way is to
slip a small wire {or string) under
the hoox on the function pawl and tie
to the channel bracket above that has
the wires in it that go to the suwitch,
By tying the pawl up, the Ffunctien
lever ctannot engage the functien
pawl, which in turnr will not operate
the function lever which would nor-
mally then operate the switch. This
is getting a little ahead of the
story for the next article, however,
which should explain more about the
stunt box,

THE STUNT BOX

This 1is possibly the section that
a great many of you have been waiting
fer. There is so much te cover, how-
ever, that we shall have ko do it in
bits and pleces.

If you have wondered why this unit
is called the "stunt box", you will
better understand after We have shown
you how to remove it. Since this me-
chanical marvel enables the operator
to accomplish a great variety of fea-
tures (or "stunts”). it became known
as the Ystunt boex". An excellent
boaklet going into elementary detail
of the stunt box was available for
free from the Teletype Corporation
until recently, but unfortunately
they no lenger print the booklet. We
shall therefore, have to try to des-
cribe the action of the various parts
through a few simple photographs. The
2168 manual on "Description and Prin-
ciples of Operation" has some modest
but informative drawings of the stunt
box in Section 573-115-100 on pages
33-37.

It would probably be easiar ta dis-
cuss the stunt bex and components in
it if we were to first have 2 look
at it.

REMODVING THE STUNT BOX

located at the
of the typing unit, directly
below where the roll of paper sits,
Fig.7 shows the unit removed, just
a5 it would be pulled out of the ma-
chine, with the rear part facing you,
as well as the rear of the typing
unit. Fig.B is approximately the same
thing, but with the stunt box swung
around to show the "business ‘end"
that plugs inte the typing unit.Fig.§
probably is a poor photograph, but
shows the stunt box in sy particular
28ASR, which is "loaded" and has all
42 slots being used for various pur-
poses. This is getting ahead of the
story, but Figs.8 and § show the two
extrenes between a "minimum loading"
and a "full heuse" loading.

Now to get on with taking it out
of the machine as shown in Figs.7 and
8. First, remove the typing unit from
the keyboard base. We have discussed
this before, if you need a review,
see the article where we were talking
about the keylevers--under that sec-
tion we discussed removing the typing
unit,

The stunt box is
rear

Set the typing unit en a piece of
newspaper,
rear faces you. Remove the paper roll
if you have not already done so.About
the bottom of where the paper had
been, you will see {on most of the
machines, probably all of them]a six-
sided rod about the size of a wooden
pencil that runs between the left and
right frame members (that supported
the paper rell.) There is a bolt on
each end holding this rod to those
frame members. Get a small bowl eor
box to put these parts in, otherwise
you'll surely knock them on the floor
sgoner-or-later and perhaps lose them.
Remove the bolt at either end of that
rad, then pull the rod out and lay
aside,

Now looking slightly ahead of where
this rod was, we see another one,
only this one is round and smaller
in diametsr--about an inch ahead of
the one we just removed. This rod is
part of the stunt box {operates the
“stripperblade"} and will not be re-
moved, but there are some things
attached to it which have to be dis-
connected, At the left end of this

then turn it around so the
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rod, about one and three quarters
inches from the left frame, there is
a connection to this rod that goes
to the main shaft below and operates
the rod as the motor turns the gears.
There is a belt and retaining ring
("¢¥ ring) that holds the plece to
the shift. Remove the ring and the
bolt. Now the rod is free from the
coupling, which may be pushed to one
side to disengage it from the arm
that goes to the main shaft—-this arm
then will drop down out of the way

{depending upen whether the main
shaft below has been rotated far
enough}.

Directly ahead of this rod we have
been working on is the "stripper
blade®. It looks a little 1like a
household "ruler" that you use to
measure lengths wup to one foot.
About one-half inch frem the “right

side you will see a piece that has
heen added to the stripper blade.
This "strips off"™ the pawl on the
line feed slot. Leok at the bottom
of that added piece and you will see
a hook that engages
that projects through the hock. Keep
this in mind, as this hook can get
caught when trying te remove the
stunt box {or replace 1t} unless you
first lift it up with respect to the
stripper blade;
the stumt box it is imperative that

a small lever

also when replacing

it re-engage the lever again.

How just below the stripper blade
at each end you will see two bolts.
At each end, one of the two will be
lower and farther away from the cen-
ter of the machine than the other,
It is this "lower" bolt at each end
that holds the stunt bex in the ma-
chine. Remove this "lower" bolt from
each side, and now the stunt box is
ready to be pulled ocut, Before you
doe so, note that the electrical
wiring aleng the top of the stunt bex
is held from getting in the road of
the paper by a small metal arm 2long

the left frame menmber. Loosen that
arm, swing it down a bit, free the
electrical wires, and then put the

arm back where it was. Now pull the
stunt box out. When you have removed
the two VYlower" bolts, usually the
stunt box "pops out" about a quarfer-
inch from the spring tension on the
function bars. If it has not already

"popped free", tug a little at either
end of the rod ahead of the stripper
blade, ¢r rotate the maln shaft below
a revolution.

You can now slide the stunt bex
put, noting that it has greooves at
either end to assist in this. At the
right end, make sure that little
Vadded piece" on the stripper blade
is high enocugh to clear the bracket
whera you removed that "lower" bolt,
otherwise you will be unable to pull
it out any further. You will alse
perhaps need to rotate the main shaft
somewhat so that the arm that hooked
te the rod clears the bottom of the
stunt box.

Although this has quite de-
tailed in an unscientific manner, you
will appreciate these hints for the
first attempt. After that of course,
it immediately becomes a very simple
job. Theose reading this
who have already removed the stunt
box a few times will find this sec-
tion too elementacy to be of any
interest. But when working with a ma-
chine whose new around
$1,200, a person finds even the most
simple detail of great interest.

The end of the stunt box that has
the electrical wires connected is the
heginning" end, and the slots are
nunbered starting at this end.

been

information

cost was

TYPICAL SLOTS

The Vrepaired" mouse machines
should all have a common stunt box
arrangement. U think the non-repaired
will all be identical except for a
ngn jpstead of an "H" on the motor-
stop set-up as discussed in previous

paragraphs.

Slet ! - "Space
Slot 2 - '"Figures"
S§lot 3 - "Letters®

Slot 5 - "Carriage Return"

Slot 22 — "Blank"

Slot 28 - "Blank", upper-case"

Slot 29 - "H, upper-case!

Slot 30 - "S,upper-case print—only™
Slot 35 - "Blank"

Slot 36 - "Blank"

3lot 38 - "Ling Feed"

Slot 40 ~ "Line Feed, print-only"

Mow to explain. Slot 1 (space) is
the '"downshift-on-space" system. When

a space 13 typed, it will pull a

"shift-fork" on the top part of the
stunt box which in turn operates the

bottom code bar and puts you back
inte lower-case, if you were in
upper-case. All the mouse machines

have this feature. About the middle
of the top part of the stunt box at
slot one is a bolt and locking nut.
If this belt is run "down" into the
top of the stunt box, it causes the
front of the function slot
t te tilt down, causing the rear part

pawl in

to raise (front in this ¢tase heing
toward the Mbusiness end! of the
stunt box, rear being toward the

stripper blade and rod.) IFf the func-
tion pawl is raised, it disables the
"downshift-on-space" Under
rare you may want to

feature.
circunstances
disable this feature, as for copying
certain commercial statiens, but in
general it is a mest valuable feature
and you would want to run the belt
out to where 1t dees not interfere
with the operation of the function
pawl.

Slot 2 operates a slide on the top
which pulls the shift fork the other
way, causing the bottom cude bar to
go to Mupper-case” and slot 2 also
suppresses spacing during operation
of "Figures" characters, $lot 3 pulls
the same lever that slot 1 can oper-

ate, and moves the shift fork to
"lower—case'. Slot 3 also suppresses
spacing.

Slot 5 operates a slide on the main
frame of the typing unit just below
the stunt box, which mechanically
trips the carriage return mechanisa.
It also suppresses spacing.

Slot 22 has only one purpose, it
suppresses spacing on "blank! charac-
ters, or during Mopen loop" configu-
ratlon as holding the "break
key" down,

Slots 28 and 29 work together. If
you get an "upper—case blank" slot
28 works, and latches up for one slot,
so 1f immediately followed by an "HM
{or "2" on some machines} it will
t.:n complete the switch above slet
2% and this will activate the "motor-
stop" relay., Slots 28 and 29 are
called "sequential' since 29 cannot
work unless 2B has bheen selected
immediately prier.

Slot 30 is the 'bell"
from an "upper-case 3.

when

and works
The bar is
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Fig. 7 Showing a stunt box as pulled out
of the rear o! the typing unit.

Fig. 8§ Sume stunt box showing the front
side. The function bars ure visible
sticking out the front plate.

Fig. 9 A completely '‘loaded”’ stunt box
using all 42 slots as used at WEFFC
in the main 23A5R,

also coded for "print only" which has
to do with selective call-up (Selcal)
so the bell won't ring if you are in
"non-print".

Slots 35 and 36 are also "sequen-
tial" so if you get two consecutive
"blank" characters (or an open cir-
cuit) it will activate a slide on the
main frame under the stunt box and
mechanically lock the keyboard so you
cannot type on it.
of no particular value on radio cir-
cuits and may be disabled by tying
up the function pawl on slot 35. This

This feature 1is

was discussed relative to the "motor
stop" on slots 28 and 29. For simpli-
fication we suggest tying wup the
function pawl "in the slot adjacent
to the bell slot". That would be slot
29. However, now that you understand
a "sequential pair of slots, you will
see it would actually give less wear
and tear if you prevented the first
slot from working rather than the
slot that actually performs the func-
tion. We'll recommend you thus tie
up slots 28 and 35 to prevent motor-
stop and keyboard lock. ’

TYING UP FUNCTION PAWLS

"motor
stop". We suggest if any of the pawls
are now tied up (or if you are using
an intentionally disabled downshift-
on-space system in slot 1, you tempo-
rarily now put these slots back te
normal. Here's the reason. When the
function pawls are tied up, the func-
tion bars are free to slip out of the
stunt box if it is tilted, and in any
event, the springs on the function
bars will attempt to pull them out
of the box. This makes it very awk-
ward to replace the stunt box prop-
erly, even when you know what you are
doing. By lowering the function pawls
to normal position on such slots as
1, 28, 29, 35, and 36, then the func-
tion bars associated with those slots
will be kept slipping out of
position, and returning the stunt box
to the typing unit will be a simple
job. Otherwise, even experts would
have a most difficult problem without
using special tricks of some sort.
Those slots are easily enough tied
back up to their M"inactive'" position
once you get the stunt box back in
the typing unit. This 1is a most im-
portant and useful hint, so do not
overlook it! You will also find on
many machines a small bracket on the
top of the stunt box adjacent to
slots 28 (may be partially hédden by
the switch block) and 35.These little
metal brackets are for the purpose
of holding up the function pawl auto-
matically. I suggest you do not use
them, but instead just "tie up" the
function paw via a piece of string or
small to the channel iron that
holds the electrical wires. There are
also special clips for the purpose

This was discussed under

from

wire

which resemble bent paper clips.
THE RCMAINING SLOTS

We had two slots ta go before get-
ting side-tracked about the sequen-
tial slots. Slot 38 has a "line feed"
function bar in it whese only purpose
is to suppress spacing for a line
feed character. Slot 40 has a "line
feed" function bar also, but responds
only during "print". This is Ffor
"Selcal™ action so that if in "non-
print" you do not turn up a new line
feed each time one is called for.

You will probably wonder why it is
not possible tc suppress spacing with
slot 40 instead of having to add slot
38 for that purpose. It's a very
interesting situation. Slot 40 actu-
ally operates the slide which trips
off the line feed ciutch. This is a
"3_step" clutch, That is, it COULD
BE operated 3 times while the others
are operated once. (The "spacing
clutch" is 3-stop; all the
others are "l-stop".

The reason the line feed clutch is
a "3J-stop" is to enable it to turn
lines if desired rather than
one. Many commercial installations
such as radio stations, TV news de-
partments, prefer to double-
space all incoming text automatically.
The function pawl on the slot 40 is
tripped off not by the main stripper
blade but by the "added piece" we
mentioned previously, so that it
could be operated several times for
double line-feeds. Anyway, to insure
proper spacing suppression for line
feed, we do it in "some other slot",
namely slot 38 in this case.

also a

up two

etc.

REQUIRED SLOTS
Assuming you want to later add
"auto CR-LF", we must use seven spe-
cific slots and 2-3 others of those
remaining.

Slot 1 - Space--for downshift on
space
Slot - Figures--for upper-case

2
Slot 3 - Letters--for lower-case
Slot & - Auto CR
Slot 5 - Carriage Return
Slot 39 - Auto LF
Slot 40 - Line Feed
Slot "A" Bell--upper-case S
Slot "B" Suppress spacing for line
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feed
Slot "G" Suppress spacing for blank

Thus we have pretty much committed
10 of the 42 slots, This leaves 32
more that you can do all sorts of
fancy things with, such as "Selcal™,
exctess line feed prevention, excess
bell-ringing prevention, automatic
statien control, remote control,auto-
matic T.D. contrel, have it ring a
bell in the house or shack if some-
body mentions your name or call let-
ters, have it ring a bell if somebody
unexpectedly sends VBKY, and many
other things which you may wish to
do. Now let's show you how to install
"non-everline" in your machine in a
Few seconds and at no expense,

ADDING NOK-OVERLINE

On a "normal™ Teletype machine, if
someone accidentally hits the "Car-
riage Return" character, of course
the carriage comes back, but will not
turn up a new line, Thus, it is
easily possible to ratype over the
same material a second{or moreltimes.
This is called overlining, and of
course is more than slightly annoy-
ing, as it not only wires out what
you have printed previously, but also
destrays what is now being printed.

Fortunately, the 2B-series of Tele-
type equipment adapts immediately to
"nen-overline protection", and with-
out use of new parts. The system re-
quires almost no effort te incerpe-
rate and can be changed back in few
seconds to "factory stock"™ anytime
the stunt box is removed from the
typing unit,

In the of the
chines, merely exchange the function
bars in slots 5 and 38. That's abso-
lutely all there is to it! The func-
tion bar is the item with the various
Tteeth" (tynes] that sticks out the
front (business end) of the stunt
box. To remove a function bar, unhack
the spring on the bettom side of the
stunt box, and merely pull the func—
tien bar out. Tt will probably catch
on the hook of the function paml at
the rear of the stunt box, in this
case, mergly take your finger and
hold up the function pawl for that
particular slot and at the same time

case "mouse" ma-

pull the function bar out,

If you are reading this series of
articles and do not have a "mouseM
machine, it is simple enough to find
the proper function bars. Prior to
removing the stumt box, do this:

1. Remove the roll of paper,
2. With the motor running,
the top of the stunt box.

peer at

3. Hit the "carriage return" key--
some slot should show activity--
probably slet 5, starting vyour

count at the right end of the stunt
box as you lock im while standing
in front of the machine.

Remember this slot number.

4. MNow hit the "line feed" key. Two
slots should show some activity.
Slet 40 no doubt, and some other
slot somewhere, probably (but not
necessarily) slot 38.

5, Leave slot 40 aleme, but exchange
the other two you found and re-
place the stunt bax.

WHY NON-OVERLINE WORKS

We have now placed a "line Feed?
function bar in slot 5. This alse
suppresses spacing for line feed
characters. We have now put the
original "earriage return" function
bar in the "ether slot™, Thus all it
new does is suppress spacing for
"carriage return" characters,

Thus when 2 Mcarriage return" char-
acter is typed or received, nothing
at all happens, and the carriage
really does net come hack at all,
like it once did. On the other hand,
now when a "line feed" character is
received or typed, this will return
the carriage via slot 5 and turn up
a new line via slot 40, Thus we have
eliminated the possibility of an
erronegus c¢arriage return wiping out
previous material via "ever—lining",
and new the machine acts more like
a normal typewriter insofar as we get
carriage return and line Feed congur-
rently,

The 28 machine gets back so rapidly
to the beginning of a line it is not
necessary to type some "mon-printing
character {such as a "letters"} fol-
lowing the line feed, but it is still

standard practice and always has been.

Even at 100 speed, the umit should
lget back in tipe™ if properly ad-

justed. Perhaps normal Yend-of-line"
sequence should be reviewd as many
people apparently are net aware of
customary routine in this respect:

1. CR

2. CR

3. LF

4. LTRS

It may feel awkward for a while to
hit the "CR" key and have nething at
all happen, but the delightful inm-
provemeat in copy will make it most
worthwhile,

Before leaving the subject of non-
overline, let me say that there are
many other systems which you can use
as well. It should be obvious that
none of them could approach the sim-
plicity of this system where you
merely exchange twe items in the
stunt box that are easy to get at.
The other systems require moderately
elaborate slot tomponents, some spe-
cial parts, and rely completely for
normal operation upon the reception
of MCR" and YLF™ in their proper se-
quence. Seme of these systems are
fascinating to install or decipher,
but in genral you would find them
costly, 1inferior in performance to
this ultra-simple system, and worst
of all, they tie up several slots you
may need for other thinps.

REPLACING THE STUNT BOX

If you now have the "non-averline!
feature added (or for some reasen de-
tided you didn't have any need for
it) you are ready to replace the
stunt box, We have not installed
"aute CR-LF" parts as yet, we'll get
inte that a little later im the ser-
ies as right now we are trying to
give you the "feel" of the stunt bex

and dor't want to rush things too
fast.
Wake sure nane of the funetion

pawls are tied up or held up via the
little metal brackets we talked about.
Peer under the stunt box and make
certain all the springs are hooked
properly to the function bars. Now
note that on either side of the stunt
box is a little guide to go in the
"rails" to help put it back in the

53



typing wunit. There are only three
things te particularly watch as you
slide it back in:

1) The "arm" from the main shaft
below might get in the way of the
leading edge of the stunt box, se
be careful to keep it out of the
Way.
2] ks you get a little further in,
make sure the hook on the bottenm
of the Vadded piece" of the strip-
per blade clears the tracket that
halds the right side of the stunt
box, and then as you get further
in, make sure this hoock engages its
lever properly.
3) The "shift fork™ at the top left
of the stunt box [we are at the
rear of the unit, and "left" cor-
responds with slot 1, etc.] nmust
engage the shaft in the typing unit
properly. You may take a screwdri-
ver and tap the "U" slet in the
shift fork so it will properly en-
gage, if necessary.

When you get within a quarter-inch
or so of all the way in, you will
meet sudden resistance. This is nor-
mal, as the function bars are spring-
loaded and resist this final short
distance., If everything else appears
nornal, just give a quick push at
each end of the stunt box and it
should snap into place, It may be
necessary to hold it there while you
install the two "lower™ bolts te hold
it in place.

Then hook up the mzin shaft “aro"
to the coupler on the rod at the rear
of the stunt box and install the
locking belt and "CM retaining ring
again, Put the electrical wires under
the little metal arm to keep them out
of the way of the paper roll. re-in-
stall the support bracket (the six-
sided rod}, put the printer unit back
on the keyboard base, turn the motor
by hand (GCCW) 1-2 revolutions, re-
place the four bolts holding it to
the base, reconnect the cable te the
rear of the right ribbon spool and
you should be back to normal after
re-tying up the Function pawls for
keyboard lock (slot 35} and motor-
stop {28 cr 29}. You will nox have
nen-gverline and have learned quite
a bit about the stunt box in the pro-
cess, How you will be anxious to add
auto CR-LF, and that will come scon.

In the previous paragraph we ex-
plained how to remove the stunt box
from the typing umit, how to convert
it easily for automatic "non-over-
line" and how to replace it in the
typing unit again.

There are a great many special fea-
tures available for the 28 printers
that are of no particular interest
te RTTY enthusiasts, such as form
feed-out, reverse line feed-out, ta-
bulation stops, sprocket feed, on-
line reverse, etc. Sc¢ keep in mind
that as we explain "what is avail-
able" we are concentrating on those
things of particular interest to RTTY
operators.

There are 42 slots in the stunt box
for various combinations of campo-
nents. Viewed from the rear of the
printer, these are numbered from left
to right, We have discussed many of
the important slets and their manda-
tory use, so you will perhaps wish
to review that section once more.

Under slots & and 5 is a slide
{mounted on the main frame of the ty-
ping unit) that when pushed toward
the front of the machine releases the
carriage so it may return to the left
margin stop. Another similar slide
18 under slots 36 and 37, and when
pushed forward will lock the keyboard
so the operator can no longer type.
{This feature has little or no parti-
cular value tc amateurs--it was used
to lock the keyboard for two consecu-
tive "blanks" so that on land-line
circuits, depressing the “break key"
would lock up any keyboards being
used at that instant for a priority
message, or for repeats, etc, For a
RTTY radio circuit, it is much nore
of a nuisance than any advantage,)

Under slots 30 and &0 is yet ano-
ther slide, this wone operates the
line feed clutch.

The important thing to remember on
any of these slides is that they may
be operated by ANY Ffunction bar
placed in one of the slots, repard-
less of what it is coded for. That
is, we could put a "M" fumction bar
in slot 40, for instance, and get a
line feed each time the "M" character
came along. O course we would never
get any line feeds for a normal "line
feed" character then, unless we put
it in slet 30, for instance.

Thus in the simple conversion to
automatic non-line, we removed the
normal "carriage return" function bar
from slot 5 and instead put in a
Mine feed" function bar--now the
careriage comes back on a "line feed"
character. Since a "line feed" func-
tion bar remained in slot 40, both
actions occur simultanecusly, making
it impossible to get accidental car-
riage return actlon without turning
up a new line at the same time,

WHAT IS IH A SLOT ?

Fig. 10 shows the typical parts in
a slot, The slender item at the top
is the "function pawl". The vertical
piece is called the "Ffunction layer®
and the small item to its left is the
"spring plate®. To the right of the
function lever are three springs. The
one item between the springs and the
large function bar is a cotton wick
that slips into the spring for the

function pawl. This spring is imme-
diately recognized as it is canted
at one end, although this hardly

shaws up in the photograph. The long-
est spring of the three (middle one)
is for the functin bar, the shortest
is for the function lever and spring
plate,

HON DO THEY WORK?

This is rather difficult te show.
Teletype Corp. had a marvelous book-
let available with colered drawings
showing the operation of the various
components, Unfortunately this is no
longer available sa, perhaps you can
tell, to some extent, from Fig.1l and
12 what is going on, and then later
an when you install the parts for
auto CR-LF you will be able to better
see what is happening.

R 1L
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Fig. 10 Various components in each stunt
box slot that is 1n use

=

Fig. 11 Showing stunt box components in
approximately their ‘‘idling'’ position

uf&-&

Fig. 12 Showing stunt box components in
approximately their *'being used’’ posi-
tion,

$ 3993

Fig. 13 Lypes of latches

333

Fig. 14 Typical types of functionlevers.

Fig.11 shows the components mounted
approximately as they would be in the
slot in the stunt box.It shows every-
thing "at rest". Fig.12 then shows
what happens next. If the proper code
bars are moved in the typing unit,
then the function bar can jump for-
ward (toward the keyboard), its rear
projection no longer is in the way
of the rear of the function pawl
which then due to spring pressure
falls down. Now as the motion of the
typing unit continues, the bail reset
pushes the bottom of the function bar
to the rear, resetting it. However,
the rear of the function bar is now
caught on
pawl which has fallen down so as the
function bar is moved back, the func-

the rear of the function

tion pawl goes with it. On the side
of the pawl, about in its
middle is a projection off to its
left side. As the function pawl is
pushed to the rear, this projection
knocks into the
the top of the function lever, and
causing it to tilt toward the rear.
As the function lever tilts, it may
accomplish various things either with
the very top, with the middle or with
the bottom--we'll go into that in a
moment. The function lever will re-
main tilted (for about 54 millisec-
onds at 60 speed) until the "stripper
blade" at the rear of the stunt box
raises and 1ifts the rear of the
function lever high enough to clear
the rear of the function bar, allow-
ing the function pawl to return to

This in turn
lever to return

function

function lever near

its normal position.
allows the function
to normal.

The only purpose of the "spring
plate" is to anchor the spring for
the function lever it to
return to its normal place.

There are some rods running the
length of the stunt box to keep
things in their proper position, once
installed. That is not too important
now.

to enable

LATCHES

Fig.13 shows three items:
1. 152660 Spring Plate
2. 152089 Latch, released by stud or
rod only
3. 154613 Latch, released by stripper
blade on next character.

It is the no.3 type latch that is
used for '"sequential' operation. The
no.2 type latch is
wish to keep a function lever latched
down indefinitely so it can keep a
switch open or a slide in position
etc. (as for "Selcal" and other pur-
poses.)

used where you

FUNCTION LEVERS

There are many different types of
function levers. Twenty-seven types
are shown in the current parts cata-
log 11498 for the 28KSR. (Section
573-115-800TC, page 61). We have
attempted to show most of the more
useful ones in Fig.l4: (From left to

right in the top row and then left

to right on the bottom row).

1. 152642--may operate a slide

2. 152641--may operate a slide and
suppresses spacing

3. 152298--may operate
may be latched down

4. 15212--may operate a slide, may
be latched down, and prevents the
adjacent slot from operating until
this lever is first latched down.
(The adjacent slot has to be to
the left of this function lever,
called a 'next numbered
slot"--these levers are called
"sequential” by some people to
simplify their purpose)

5. 152659--similar to no.4, but also
suppresses spacing

6. 154647--suppresses spacing, holds
a stud (as shown)
rod

7. 153670--may be
stud or rod

8. 157207--may operate a slide, se-
quential, has a short top

9, 163943--may operate a slide, may
be latched, and has a special top
with a stud to the left which will
operate two electrical switches
at the time. (Must be used
with a function lever with a short

a slide and

higher

or may hold a

latched, holds a

same

top in the next higher—numbered

slot).

There are a great many more, but
these show nearly all the special

features that are available.They will

give you an idea of some of the
things that may be accomplished,
later.

FUNCTION BARS

There are well over 264 different
combinations available if my mathe-
matics are correct. Consequently we
have not bothered showing any of
these other than in Fig.10.The 153440
"uncoded" (universal) function bar
has some 16 tynes on it originally.
There is a left row of 8 and a right
row of 8. The end of the code bar
housing tells what they are for if
you want to look at your machine. The
top one is for print or non-print,
the next five are the "information"
tynes for the various characters, the
next to the bottom 1is the "Zero
level" used by RTTY erthusiasts only
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for auto CR-LF normally, and the bot-
tom ones are for upper—case (Figs.)
or lower-case (Ltrs.)

You tan see how these are coded by
looking at them in your own stunt box
when you have an ogcasion to take it
out again. The '"blank” in slot 22 has
only five tynes left on it, the five
"infornatien" tynes on the right side
for "spacing" only, Yet the “blank"
in slot 28 has been coded for "ypper-
case' and has an additional tyne on
the bottom left side for this purpose.
The "upper-case §, print only" for
the bell in slot 30 is quite inter-
esting--it will have the top right
tyne, then the five information tynes
arranged to respend to MSM, and fi-
nally the bottom left tyne for upper-
case. These are various examples of
how function bars are coded, Addi-
tional information 1is shown in the
chart on page 65 of section 573-115-
BOOIC of the 114BB parts manuval. If
buying functiea bars, it is cheaper
to buy a "pre-coded' one rather than
the "un-coded" one which you then mo-
dify to suit yourself by snapping off
the appropriate tynes.

FUNCTION PRWLS

For all practical purposes there
is only one fumction pawl. However,
far an occasiomal special purpese,
there is a special pawl available
that has an extra long projection on

the side. This allows one paul to
operate two function levers simul-
tanegusly, It must be uvsed in con-

Junction with a matching pawl. Thus
you can see that only in the most un-
usual circumstances would you {as an
amateur buying his own parts!) want
te go this route. It is normally pos-
sible teo other nethods
whose similar,
much cheaper.

substitute

end results are and

SWITCHES

Various switch block zssemblies are
available, but most loek quite simi-
lar to the ome already in your mouse
machine. That is a &4-switch bleck,
but only two switches are being used.
You can buy the small spring contacts
needed to Fill out the block if
needed. The switch contacts are

available for nprmally open or nor-
mally closed operation. In the one
case (normally open) they look like
those presently in your machine. In
the other case the top of function
lever pushes the switch contact up
instead of Jletting it down as the
lever is moved.

SHITEH CURRENT

This little bit of information is
very important to keep in the back
of your mind, tucked away for further
reference at some time:

THE SWITCH CONTACTS ARE RATED AT
100 NILLIAMPERES MAXIMUM CURRENT,THEY
REMAIN CLOSED FOR NG MORE THAN 54
WILLISECONDS AT 60 SPEED UNLESS
LATCHED DOWN BY THEIR ASSOCIATED
FUNCTION LEVER.

SPACING SUPPRESSION

A bar runs the length of the stunt
bex, but is slightly below it, and
not a part of it, This bar, when
pulled toward the front of the typing
unit prevents the spacing ¢lutch from
moving the type box alerg the page.
fny of the 42 slots can be programmed
te prevent spacing. Certain slots
like those used for nen-typing func-
tions such as "LTRSM, VFIGSY, MRELLV,
"CARRIAGE RETURN", VLINE FEEDM, ete.
are fixed in this manner.

SHIFT FORKS

Yarious types of shift forks and
shift fork slides are available. One
excellent example is already in each
wouse machine above the first three
slots. This particular shift fork
operates the bottom "FIGS-LTRSY code
bar via a vertical post which goes
up to meet that shift fork.

We have given you an inkling of how
the components in the stunt box work
in an individual slot. We have given
you at least a vague idea of hou
various components are already in
your present stunt hox,

You are probably ready now [at
least as nuch 2s you ever will be)
to take the plunge for dismantling
the stunt box so you may install the
avto CR-LF system. This is not par-
ticularly difficult, just somewhat

‘ground to

time-consuming, but tremendously
interesting if you bhave any mechan-
ical talent at all, and quite person-
ally satisfying to realize you have
accomplished it yourself.

The major thing remaining to do to
the 2BKSR '"Mouse" machine 1is the
installation of auto CR-LF, We have
been delaying this until now so that
we could give you the proper back-
undaerstand what would be
needed. If you have read the pravious

five articles, you should now be
ready.
AUTO CR-~LF
Perhaps before we explain how to

install it, we should attempt to tell
you just what happens in the typing
unit after we do have all the parts
installed. This should make their
installation somewhat more simple.

Therefore the following explanation
jumps the gun insofar as we assunme
all the parts are already installed:

Looking at the front of the typing
unit, a rather large round wheel is
seen on the front, toward the right.
It is called the "spacing drum" and
has notches along the ocuter circum-
ference. If you look at Fig.3, the
arrow points to the bellcrank. This
has a projection on it. As the spac-
ing drum rotates toward the right
margin, this projection collides with
the right margin stop on the rear of
the spacing drum. This causes the
bellerank to tilt. The top of the
bellcrank then causes the "Zero" code
bar {¢ be pulied to the right.

Up in the stunt box, in slots & and
39, we have some function bars coded
so that at anytime this "Zero! code
bar is pulled to the right, they can
cperate an the very next character
of function that occurs,
tioned, anything in slot & can oper-
ate the line feed mechanism. As a re-
sult, whenever the "Zero" code bar
is pulled to the right, then aon the
next character typed or received, the
auto CR-LF takes over, and since you
have now moved away from the right
margin stap, of course the bellcrank
returns to normal position, allowipg
the "Zero' code bar to go back to the
laft {out).

Se there

bs we men-

are several things that
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have to be in the machine to allow

all this to happen.

1. A bellcrank is needed with brac-
ket, as shown in Fig.3J.

2. A rear ring is needed on the spac-
ing drum that has the proper pro-
jection to collide with the bell-
crank bracket.

3. We must have the "Zero'" code bar.

4. We need parts in slots & and 39.

WHAT DO WE HAVE NOW?

This you shall have to determine.
We had you determine part of this al-
ready, in order to send for the parts
needed. About 75-80% of the machines
apparently have "most" of the parts
needed already. The other 20-25% need
"the works" added.

If when looking at Fig.l and then
checking your machine, you find you
have a code bar for the "0" slot, and
then after looking at Fig.2, you de-
termine on your machine that you do
have that particular bellcrank, your
problem is pretty simple to complete.
All you have to do is take the 157514
mod. kit we had you order, and in-
stall the little bracket in the
"horse's mouth" (shown in Fig.2) so
that you wind up with Fig.3. THEN YOU
ARE  DONE WITH EVERYTHING EXCEPT
ADDING THE PARTS TO SLOTS & AND 39!

If you are one of the 20-25% of
fellows who did not find the "0" code
bar to be in your machine, and conse-
quently did not find the bellcrank
shown in Fig.2, you will have to wait
for some more articles that shall
follow this one, in order to add the
parts we had you get. In any event,
EVERYBODY will need to add the parts
to the stunt box, so this
will concentrate on that.

article

ADDING AUTO CR-LF TO THE STUNT BOX

We had you remove the typing unit,
take out the stunt box and exchange
function bars 5 and 38 to give auto-
matic non-overline. That was also a
"warm-up" te installing the parts
needed for auto CR-LF which is a bit
more complex.

So, review removing the stunt box,
if necessary.

Remove the typing unit, remove the
stunt box. To make it easier to

handle the stunt box,
well remove the electrical switch
block on the stunt box. It is held
in place with two bolts that go
through its top. It won't hurt if the
switch Ffalls apart, but it is a
little more convenient if it doesn't.
You can put some nuts on the bottom
of the bolts, or use some Scotch tape
to keep it together.

The wires are tied in a channel
bracket that runs the length of the
stunt box. At either end, this chan-
nel bracket will have a small bolt

you might as

holding it to the stunt box end piece.

Take those little bolts out and then
you can pick up the stunt box and it
will be free of the electrical wires
and from the typing unit. You may now
set the typing unit in another part
of the room where it will be out of
the way.

Fig.15 shows one end of the stunt
box. The arrow points to a thin re-
taining plate (part 152889) which has
to be removed before you can dis-
mantle the stunt box sufficiently to
install new parts.

So, take out the bolt just to the
right of the arrow in Fig.15, the re-

taining plate will slide down and off.

You can temporarily replace the bolt
to keep the end bracket in position
(part 153299). Now go to the rear of
the stunt box, and you will see an-
other angle bracket running the
length of the stunt box, near the
bottom, between the end brackets.
(Part 153581). Remove the bolts at
either end holding this in place.

Now you can go back to the end
bracket and again take the bolt out.
Just tug the end bracket clear off,
and this will allow the removal of
the stripper blade (part 155061)
(probably on your unit) and the round
shaft (153295). In Fig.16, these have
all been laid out. Two of the three
bolts came from the angle bracket at
the extreme left, the third from the
end bracket at the bottom right.

When you removed the 152889 retain-
ing plate, there was a small rod that
probably fell out of the stunt box,
or wanted to. This rod had been held
in place by the retaining plate, and
is shown in Fig.15 as being in the
10:00 position from the bolts you re-
moved and perhaps a quarter-inch from

it. This is the rod that holds the
function levers from slipping out of
position, but has to be removed in
order to install any additional func-
tion levers anyway. Don't worry about
that rod just now, as you cannot keep
it exactly in place anyway without
the retaining plate in position.

INSTALLING THE PARTS

You are now ready to start install-
ing the parts in slots 4 and 39. It
is not at all hard, and in fact you
will find it most interesting.

In this case, a small embroidery
hook is all but indispensible. I have
several sizes, but find the size "13"
to be ideal. Teletype Corp. also has
special tools just for this purpose:
142554 which is a small hook and the
142555 which is a "double hook"--that
is, you can push or pull either one.
They also sell what appears to be a
no.12 embroidery hook--151959.

At any rate, the function pawl goes
in first. Refer to Fig. 10 =~ the
"pawl" is at the top of the pic-
ture. Since you already have several
examples in front of you while look-
ing at the stunt box, just slide the
pawl in slot &4, similar to the ap-
pearance of the pawl in an adjacent
slot such as 5. We origianlly had you
order two sets of slot parts (153016)
and the pawl, springs, etec. will be
in that package.

There will be three springs and one
cotton wick. Take the spring with the
"hent-end", stick the wick inside,
and hook between the end of the func-
tion pawl ("bent-end") and the front

refer to the other
in the stunt box for

plate. You can
function pawls
this.

Fig. 156 -~ left end of stunt box, showing
the retaining plate that holds thesmall
rods in place.
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Fig. 16 -- Stunt box disassembled uand
ready for purts to be installed.

Next comes the function lever. As
it is all but impossible to install
the spring AFTER the function lever
is in place, put the one end of the
spring on the function lever prior
to inserting it in the stunt box.
This is the shortest spring of the
three.

If you can't figure out which side
the spring should stick out, look at
Fig.11, and it might give you a bet-
ter idea. You install the function
lever so the open part of the "C"
Faces the front of the stunt box, so
the spring should stick out the
"other way".

After the function
wiggled around into
the 152660 spring plate similar to
those in other nearby slots. After
hooking the "tail end" you can then
pivet it around until it snaps into
place. If you have to push more than
moderately hard, you may wish to
loosen that bottom rod a little. If
you look on the bottom side of the
stunt box, you will see several small
bolts. These tighten spacers that
hold that bottom rod in position.
Just loosen the one that is closest
to slot 4 temporarily, and this will
enable you to easily insert the
spring plate properly, then retighten
the bottom bolt again.

Now take your hooked tool and en-
gage the other end of the spring on
it so that it holds the Ffunction
lever into place.

Do the same for slot 36G.

Now you are nearly finished. You
can at this time either reassemble
the stunt box or install the Function

lever has been
place, install

bars 1in slots & and 3Y. No matter.
Let's install the function bars so
we can say we are finished with all
the parts themselves.

We had you order two 152671 func-
tion bars. These look quite unusual
with respect to the "business end"
as only one tyne remains, and that

is in an unusual position. This one
tyne is called the "Zero" level,'non-
select". Since the "Zero" code bar
is normally "out" or to the left
(marking position) these Ffunction
bars can never do anything unless,

until and if that "Zero" code bar has
first been pulled "in" to the spacing
positon, which is called "non-select'.
Then, the 152671 function bars can
operate at any time and on any char-
acter, since they have no other tynes
and thus respond to "anything".

The remaining spring is the longest
of the three and retains the function

bar. Just shove the function bar in
the slot on the front of the stunt
box. You may have to push and pull

slightly, and you may find it easier
if you hold the function pawl up at
its rear end to allow the function
bar to slip in under it more easily.
Hook wup the springs and you have
finished all the work in the stunt
box that we had in mind for this time
(installation of auto CR-LF).

This may seem a bit "after the
fact" but we hope you read the entire
article before you start any actual
work in the stunt box anyway.

GET SOME GREASE OR HEAVY OIL (EVEN
VASELINE) AND WITH YOUR FINGER, PUT
A LIGHT COATING OF GREASE ON THE
FUNCTION PAWL, FUNCTION LEVER AND
PARTICULARLY ON B8OTH SIDES OF THE
FUNCTION BAR PRIOR TO INSTALLATION.

REASSEMBLING THE STUNT BOX

Continue to leave out the rod that
fell out when you origianlly removed
the retaining plate (152889) from the
end bracket (153299) as it will only
get in the way at this time. Set the
stunt box on end, so that the end
from which you remove the retaining
plate is in the air. Now place end
of the stripper blade in the bottom
bracket, making sure the end with the
added piece is "up". The stripper
blade goes in the slot in the end

bracket that is closest to the func-
tion levers. Notice at each end of
the stripper blade is a small notch.
This engages the arm (153301) that
is attached to the end of the bracket.

Now install the shaft in the hole
in the bottom bracket. You will note
that the end of the shaft has an
eccentric that engages that hole in
a certain way, so that when the shaft
is turned, it moves the arm, causing
the stripper blade to move.

0K, now take the remaining end
bracket and install on the top end.
This is not a difficult job if you
do it as Wwe suggested, with the stunt
box standing on end. You will have

to go back and forth between the
stripper blade and the shaft until
both fall into place, and then you

will need to wiggle the end bracket
around a bit to get it to position
correctly over the rods that stick
out the end of the stunt box frame.

Put the bolt in that holds the end
bracket on. Now for the time being,
we will forget all about that other
rod that has not been put into place,
and we will for the moment forget
about the retaining plate on the end.

Now install the "angle bracket" be-
tween the rear ends of the end
brackets.

0K, we are ready for the "fun" now.
We are ready to put in that remaining
rod through the center of the stunt
box. First, look at all the tops of
the function levers to see they are
in proper position. Then insert the
rod from the "bottom end" of the
stunt box so that the end of the rod
with the little groove that the re-
taining plate holds will come out the
top end. It might have such a groove
on each end, so no bother in that
case.

Try to wiggle the rod so that it
comes out the top bracket far encugh
that the retaining ring grip that
groove we mentioned. When successful,
lay the stunt bex on the bottom side,
remove the bolt holding the end
bracket to the stunt box (it won't
fall off), slip the retaining plate
intoe place, reinsert the bolt into
the end bracket, and you are all
finished with the installation of
parts into the stunt box.
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REPLACING THE STUNT BOX

You are now ready te replace the
top bracket and electrical switch.
As scon as this has been acconplishaed,
you can put the stunt box back inte
the typing unit. As this was dis-
cussed in great detail, we shall not
go into it further at this time.

TRYING IT OUT

You can easily see if things are
going to work. Just type well over
te the right margin and keep typing.
As soon as the bellcrank collides
with the projection on the rear of
the spacing drum, it should pull in
the "Zero" code bar, and then what-
ever you type next, it should return
the carriage and turn up 2 new line,

Again, if you are one of those
without the code bar or bellgrank,
of tourse nothing will -as yet happen,
as you have some additional werk te
do. Also, this assumes those having
these parts have already instailed
that small bracket into the bell-
crank, as shown in Fig.3.

SETTING THE RIGHT MARGIN

You "75-80%" who are all done now,
will want to check the total length
of line you can now get prior to an
automatic CR-LF action. You should
get 73 total spaces, and on the 74th
have it automatically return,Nermally
this would be only 72 spaces and re-
turn on the 73rd, but since we had
you install the simple non-overline,
this system works properly when set
for one additional character, due to
the nature of its operation.

On the spacing drum there are five
bolts holding the front and rear
rings to the spacing drum.These bolts
are visible in Fig.2, to some extent.
One of them is about halfway between
the arrow and the center nut of the
spacing drum itself. You can see zn—
other bolt to either side of that
one, and ene more ta the bottem of
that ring. One of the five is hidden
from view by the frame that holds the
spacing drum in pesition,

Going clockwise, you will see that
the 1st, 3rd, and 5th are all "round-
head" belts and the 2nd and 4th are

Uhex-head" bolts, The 2nd holds enly
the rear ring {right margin)in place,
and the 4th holds the front ring only
{l¢ft margin). The three round-headed
bolts hold beth rings.

This may be a bit confusing, but
it will scon straighten out, You must
loosen all three round-head bolts to
move either the front or tha rear
ring. Then you loosen either the 2nd
{for moving the rear ring for right
margin adjustment) in additien, or
the 4th (for nmoving the front ring
for the left margin adjustment).

To summarize, you have to move four
of the five for either the front or
the rear adjustment,

If you are satisfied with the pre-
sent left-margin, just make sure you
do not loosen that 4th hex-head belt
at all, and you'll be in business.

At any rate, fo adjust the right
margin, loosen 1, 2, 3 and S5--then
you can easily push the rear ring
around with a screwdriver about the
equivalent of one netch, and tempo-
rarily tighten several of the bolts
again while trying the line length
once more, Moving the rear ring coun-
ter-clockwise will lengthen the line,
moving it clockwise will shorten the
line.

If you detide to adjust the left
margin, several hints are in order.

First, note how the ratchet fingers
grip the nctches on the circunference
of the spacimg drum, so you can dup-
licate this position after you have
moved the ring sufficiently for your
purpose. Second, make sure befare you
loosen the 1, 3, & and 5 bolts (no.?
is for the rear ring, remember) that
those fingers are engaging the spring
drum and that you are not resting on
the left margin stop itself--that is,
you are "away from" the left margin
and stopped say in the middle of the
page. This takes the pressure off the
left margin stop so it will not
change until you push it arcund your-
self. Otherwise it could "get away
from you"., We recommend on general
principles that you do not move the
left margin at all unless for some
reason you feel you would really like
to. It's not 2 difficult job, but it
does add some unnecessary work in
getting the fingers to engage the
notches properly once more,

RESULTS S0 FAR

This has taken us through a lot of
changes. Feel good for as of now, we
have completed all the changes needed
ta put the mouse machine inte normal
anateur standard, We now have com-
nunications type, communications key-
board, non-overling, auto CR-LF (ex-
cept for that 20-25% who will have
to read a few more artitles yet}, and
we have learned how the stunt box
works, how to take it out and how to
install parts. Indeed, you have most
likely learned a lot more about this
28KSR  already than you ever knew
about the model 15 or 19 or 26 that
you had been using previcusly. You
are ready for the "icing on the cake"
which are the opticnal things you can
put inte the stunt box. However, we
shall have to ask your indulgence
while we explain to the 20-25% of the
fellows how they can install their
"Zero" code bar, hellerank and rear
ring on the spacing drum before we
can continue with some of the special
things you might want to do with your
stunt box. So those of you who now
have auto CR-LF operatienal, can skip
the next twe articles as they will
hold little interest for you, other
than general information now that you
are somewhat familiar with the mouse
machineg. Most of you owning 2ZBKSR's
should now have auto CR-LF and other
standard amateur communications fea-

tures. However, there 1s a small
group whe did not have the 'Zero!
code bar or bellecrank installed in

their machine,

WHAT HAS TO BE DOKRE?

"Zero" code bar
It will necessary to do the

lowing things:

1. Remove the front plate

2. Remove and dismantle the code bar
assenbly

3. Install the new "Zero" code bar

4. Reassemble the code bar assembly

5. Remove the spacing drum from the
front plate

6. Install the bellcrank

7. Replace the "rear ring" om the
spacing drun with a new one

8. Replace the spacing drum in the

fal-
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front plate
9. Replace the front plate
This assumes of course you have al-
ready installed the parts in the
stunt box.

This will probably sound like a lot
of work, and indeed it is a bit of
bother, but not ttoc hard' at all,
particularly, if you have some ade-
quate instructions. Everything men-
tioned can easily be done in one
evening.

RENOVING THE FRONT PLATE

This is actually a much easier job
than taking off the stuat box, There
are three basic things te do:

1. Unhook the bail arm from the btype-
box

2. Take out faour large corner bolts

3. Take out two smaller bolts under-
neath.

First, we want to disconnect the
type box, This is pulled aleng by the
wire that runs directly in front of
the type box. Attached to this wire
directly in Ffront of the middle of
the type box is a bail arm ([154358)
which goes through a hole in the bot-
tom right side of the typs box car-
rier plate [153530) and is held there
by a "C" type retaining ring on the
backside, Now to disconnect that bail
arm.

Type a "LTRS" character and then
turn the motor off. If using the line
shunt relay, you will automatically
revert to "blank!" as the meter runs
down, no matter. Mew reach up to the
left side of the “printing carriage
frame" {153820)--ancther descriptive
term would be the type-hammer car-
riage directly in front of the type
box--and just push it to the right
as fas as it conveniently wants to
go., You can return it to the left via
the red button on the top row called
UL CR™ if you want to try it sev-
eral times.

At any rate, this should move the
type box assembly te the right far
ensugh that the bottom right side,
where the end of the bail arm is con-
nected, can be seen, and the "C' re-
taining ring can be removed from the
rear, Then pry the arm out of the
hole and now the type box is free to
slide around. While holding this bail

arm so it woen't catch on anything,
and holding tension on the left side
of the print-hammer carriage, depress
the red button "LOC CR" and slowly

allow the carriage te return to the
left margin stop.

Next we want to remove the tuo
"underneath bolts®, These are
attached to the main rocker shaft
{150365), This is a square "rod"
about 3/8" square. Tt is located
directly behind (2N} the "take-up"

wheel (pulley} (156738) feor the front
wire going between the two large cir-
cular druas. This pulley is 1" im
diameter and is located 3 5/8" fronm
the center of the left spring drunm,
in a &:00 position. When you locate
the square shaft 2" behind that pul-
ley, you will find a bolt on the Hot-
tom side of the rod about 1 1/4" left
of the take-up pulley and ancther
about 1 1/4" right of the pulley. Re-
move both of those, releasing the
bracket (150245} which is part of the
front plate assembly.

Now finish removing the front plate.
This involves four large bolts, one
of which is about 2" from the center
of the left-hand spring drum in 2
10:30 position, another is about 2
1/4" in a 7:30 position, a Ehird is
about 2" from the center eof the
right-hand spacing drum in a 1:30
position, the fourth is about 2 1/4v
in a 4:30 position.

Now you can Llift off the entire
front plate assembly. Before you do,
however, ncte the right-hand spacing
drum. On it's left side there are two
feed pawls {"Fingers") (150678} which
advance the spring drum. At the boti-
tom of these feed pawls you will see
a circular piece of metal called a
"retainer® [150203}, This has two
parallel Llines drawn on it which
should line ap with a small line on
the end of the front feed pawl. Keep
this in mind for when you replace the
Front plate, you will want this situ-
ation to again exist,

NOW THE FRONT PLATE 1S QFF

1. Remove the dash-pot cylinder
(150538} From the front bottom right-
hand corner of the front plate. This
invelves removing two very lage "(C"
retaining rings and tuo springs from

¢

Figure 17,,,5howing tha rear ring
nesdad on the spacing drum For auko
CRuLF, The new 154626 13 on tha left,
tha old 15462% on tha right, Neta
tha new one has an axtrs tab,uwhich
angages the belleterk to move the
"Zgro" code bar,

the post at the left end of the slide
that goes into the dash-pot cylinder,
This post is 7:00 position from the
center of the right-hand spacing drum
about 2 1787,

2. Remove the three bolts on the
rear of the dash-pot cylinder. Now
the cylinder can be removed from the
post (stud} by wiggling if off, at
an angle. Nothing else need be re-
moved to allow this.

3. Note, there is a wire geing be-
tween the spacing drum and the left-
hand spring drum. It goes over the
take-up pulley wheel we mentioned
earlier when removing the front plate
Push down on this take-up pulley and
slip the wire off its top. This re-
maves the tension on the wire.

4. Assuming that the print-hammer
tarriage is at the left margin stap
{to make certain, hold the right-hand
spacing drum tightly with one hand
while lifting the ratchet Ffingers
(feed pawls) from contact with the
spacing drum and then see if that
right-hand drum wishes to rotate
counter—clockwise at all, if so, you
were not on the left-margin stop, and
let it slowly rotate until you are.)
When at the left margin, you will see
that lower wire we just mentiened (3
above) is attached to the left-hand
spring drum by a belt. Remove this
bolt and now the wire is loose. Pull
the wire free from the spring drum
and note how the wire is "threaded"
in the vicinity of the spacing drum,
s0 you cam eventually pull it back
in a similar manner. D0 NOT REMQYE
THE RIGHT END OF THE WIRE FROM THE
SPRING DRUM, IT IS NOT NECESSARY.

5. Now rotate the spering drum
clock-wise with yeur fingers until
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the belt hole where the lower
had been attached is
10:30 position.

6. Take a
through the

wire
now about the
screwdriver and drop
§:00 position of the
spring drum, down through the frant
plate frame. This will hold the
spring drum from unwinding and loos-
ing its tension, when we soom Llift
the feed pawls from the spacing drum,

7. Now do just that--while holding
the right-hand spacing drum, "pick-
of f" the feed pawls (ratchet arms)
with a screwdriver or your fingers.
Then allow the spacing drum to rotate
counter-clockwise slowly to where the
left-hand spring drum is now resting
entirely on the screwdriver you have
stuek in it.

8. Remove the pulley wheel (150224)
from the rear side of the top front
track {152579). There are two pulley
wheels in that vicinity, it is the
front one of the two. Before removing
it, take a pencil and mark the posi-
tien of the washer, and that wheel
tan be positicned in a slot to vary
the spring tension, and you will want
to replace it in its present position.

9. Directly below this top right-
hand cormer of the track, about 1 -
1/2%, are two other nuts. in the lower
plate [150554). Remove both nuts,
which hold twe guide plates in pesi-
tion--one in frent and one in the
rear. Note carefully that on the
front side is another small spacer
shin (150805) between the front gquide
plate and the nmain frame plate. You
may want to draw yourself a picture
of how these parts were removed be-
fore you continue.

10. Now remove the nut and washer
from the center of the right-hand
spacing drum, both on the front and
rear sides of the drum.

11. The spacing drum may now be re-
moved by pulling up on the front
frame plate [150554) at the bottom
right-hand corner (near where the
serial number of the typing unit is
located) enough te allow the spring
drum to be removed,

12, MNow remeve the spacing drum,
and you will still have several wires
dangling frem it, but this will net
prohibit your doing everything that
is necessary to it.

13. Note that there are five bolts
on the front about 5/8" from the cen-
ter and in a cirular arrangement, Re-
meve the Ist, 2nd, 3rd and 5th{clock-
wise from left to right) being cer-
tain to leave the 4th (hex-headed
bolt} tightly fastened. This keeps
the left-margin stop (front ring) in
its original positieon, which is
fairly important.

NOTE: PRICR TO REMOVING THESE BOLTS,
TURK THE SPACING DARUM OVER ANC WITH
A PENCIL OUTLINE THE POSITION OF THE
LARGE RIGHT-HAND MARGIN PROJECTION-
-THEN OUTLINE THE EXACT POSITION ON
THE FRAME, 30 THE MEW RING CAN EASILY
BE POSITIONED LIKEWISE.

14. MNow the rear retaining ring
{154623) may be removed and the rear
wargin ring (15462%) may be removed.
You will now put the new margin ring
(154626] where you just removed the
old ring. Replace the retaining ring
and replace the bolts, remenmbering
that the hex-headed bolt was no.Z,
and the three round-headed ones were
L, 3 and 5,

NOTE: Fig.17, although a poor phe-
tograph, adequately shows the differ-
ence between the new (154625) ring
an the left and the old (154625) ring
on the right. The extra tab on the
new ring operates the bellcrank for
auto CR-LF when it approaches the
right margin.

15, We are done with the spacing
drum, but do not replace it as yet.
MNow install the bellcrank. This is
part no. (150438) in the 152348 mod.
kit you ordered originally which in-
cluded the "Zero" code bar (153319}
and the new rear margin ring (154626}
you just installed.

16. You will find a bolt on the
very rear of the back frame piece of
the front plate, This bolt has a nut
on the inside of that rear plate, You
will find this nut in about the 12:30
pesition and 2 1/2" from the post
(stud) that helds the dash-pot
springs you remeved earlier when you
took the dash-pot eylinder off. The
bellcrank fastens to that bolt, so
remove the nut, put on the washer,
then the bottom of the belltrank so
it will point up from there when
finished, themn the nut and tighten.
The bellcrank should be free to ro-

tate a little on that bolt when done.
The spring now aktaches from the lef<
hand center side of the bellcrasni
downwards about 7:00 positien and
hooks to the swmall area of the rear
plate about 3/4" down.

17.  Now you have
finished everything and are ready to
put it all back together. You still
have the "Zero" code bar to instal:,
but that is dome on the typing unit
itself and not on the front plate.
It will be discussed later.

18. Turn the spacing drum right-
side up, making sure that twoe over-
head wires are nmot twisted, Slip the
spacing drum back in place, raising’
the bottom corner of the front plate
high enough to allow this,

18. MKake certain, the rear end of
the spacing drum's "axle" is seated
correctly as it has a flange on the
rear that has to find a proper posi-
tion in the rear hole before it will
go fully inte the hele. Then replace
the rear washer and nut, and do like-
wise on the front end as well,

20. Replace the front guide plates
with the shim plate also. Then re-
place the pulley wheel, making sure
it 1s in the same postion as it was
originally by checking your pencil
mark to center the wheel properly.

21. While holding tensien by hane
on the spacing drum, position the
various wires properly over the pul-
ley wheels. Do the twe first.

22. Now, since you probably have
tension on the feed pauls {ratchet
fingers), hold the spacing drum while
again "picking of fV those feed pawls,

essentially

and let the spacing drum rotate
slowly counter-clockwise wuntil the
spring drum tension takes up ‘the

slack. Now, while holding the spacing
drum carefully, remove the screw-
driver in the spring drus and let
both of them siowly rotate back te
the left margin stop while helding
the feed pawls free to allow this te
happen, When on the left margin stop,
you can let go of the spacing drum,
and the left margin itself will hold
things in 2 normal manner to keep the
spring drum from unwinding any fur-
ther.

23. MHow rethread the bottom wire
but do not as yet put it over the
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take-up pulley wheel, Instead, recon-
nect to the spring drum by putting
the bolt batk in place--this should
be in about the B8:00 positien,

24, Depress the "take-up" wheel and
put the wire gver it, and release.

25. Replace the dash-pot cylinder,
replace the springs on the post, re-
place the two large "C" retaining
rings on the post.

26. You are finished with the front
plate. We'll now put it back in posi-
tien on the typing unit.

REPLACING THE FRONT PLATE

watch
prep-

There are several things to
for to make sure they engage
erly.

1. The bellcrank to engage with the
WZera" code bar slot,

2. he Figs-Lkrs shift cede bar en-
gajed with the lever on the front

plate.

3. The small horizontal "bellcranks™
{15077t}  which night be called
"transfer fingers" that are at the

rear of the front plate and near the
top, in the middle. These engage sev-
eral of the code bars in the typing
unit.

4. Finally, be certain that the cir-
cular plate omn the end of the feed
pawl fingers that advance the spacing
drum, are lined up with the mark on
the top pawl, If net, pull the front
plate free Far enough to rotate the

gear (150202) on the other end of
that shaft until it does line up
properly.

If all these conditions are met,
then reconnect the front plate, prob-
ably starting backwards, with the
four large bolts, one in each corner,
then reconnect the bracket to the
main rocker shaft underneath via the
tuo small belts, and finally push the
typing box and typing-hammer carriage
to the right end again and reconnect
the bail arm, replacing the "C" re-
taining ring.

Do not worry as yet about adjusting
the right-hand margin until after you
get the "Zero" code bar installed.

SUMNARY

You have now learned how to easily
remoye and replace the front plate.

You now have a bellcrank installed
which will allow auto CR-LF actien
if you have the V"Zere" code bar and
the stunt box components installed.
This particular bellcrank iIs not the
same one that the "75-BO%" will have,
but that is not matter. Yours is the
150438, theirs is an "universal! 157-
972 to which you can (must for auto
CR-LF) add the 157514 mod. kit, which
then gives 2 bellcrank that does the
same thing that your 150438 will do.
Since you will mest likely "always"
want the advantages of aute CR-LF
{and so will they), this is no fur-
ther important.

If you attempt to follow the in-
structions included in the 152348 mod
kit, you will see they have you re-
move the spring tension from the left
spring drum, etc. This is Mene way",
but it assumes, you have a spring
tension gauge in order to replace the
proper spring tension once more.While
1-2 of you might have access to such
a gauge, the rest won't, and I think
this system is actually more simple
even if you did have the spring gauge
to start with,

I suggest you make no attempt to
follow the instructiens included in
the 152348 med. kit, as our experi-
ence Wwith other pecple has indicated,
those instructions will be most con-
fusing to the typical amateur doing
this for the Ffirst (and probably
only) tine,

HOW IT WILL BE DONE

In general, we shall have to (1)}
remove the front panel, {2} remove
the code bar assembly, (3) dismantle
it, {&) add the "Zero" code bar, (5)
reassemble the code bars, (6) replace
the code bar assembly, and (7) re-
place the front plate.

RENOVING THE FRONT PLATE

Although we already covered this
for normal circumstances, it will be
necessary to use a different tech-
nique in this case. Otherwise the
track upen which the type-bex rolls
(150824) will not be lifted high
enough to allew the code bar assembly
to be pulled out of the typing unit
properly.

Since when the machine is shut offF,
the internal loop voltage stops, and
the line shunt relay isolates from
the external loop of the "TU" or "de-
wodulater®. Thus we shall have to
pull a few minor "tricks" to faol the
machine into thinking it is still
Yon''. We shall do this by disconnect-
ing the motor. Now to proceed.

1. Remove the typing unit from the
keyboard base. This has been dis-
cussed before. It involves four large
bolts, one at each corner of the typ-
ing unit, and discennecting the cable
about 5" to the rear of the right
ribben spoocl.

2. Find the motor on the keyboard
base, About 4" to the left of the
left edge of the wmoter is another
cable connector. Directly in front
of that about an inch is a terminal
block with fiber cover.

. Remove that fivar cover, and
disconnect one or both of the heavy
motor lines. Either place where they
will not touch anything, or just
tape, temporarily.

4. Now replace the typing unit on
the base temporarily {nc bolts
needed) and connect the cable once
more to the rear of the right ribben
spool.

5. Turn the power switch back on.
The motor will not rum as it has been
disconnected, but everything else
will be normal.

6. Type a "K" on the keyboard, and
with your finger, turn the motor
counter-clockwise (as viewed from the
right side of the cabinet) until the
hammer is about te strike the type
box.

7. How remove the typing unit once
more, of course disconnect the cable
first,

8, With your fingszrs push the type
box as far right as it will conveni-
ently go.

9. You should new review "REMOVING
THE FROMT PLATEY, as from here,every-
thing is the same as in that article.

10. Remove the MC" retaining ring
from the bail arm  that holds the
type box to the print hammer carri-
age wire, you will remove the two
Munderneath bolts" from the rocker
shaft, and the four large bolts that
hold the front plate to
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the typing unit.

11. The front plate may now be set
aside as it will not be used for any
further purpose at this time. You
first might wish to return the print
carriage to the left margin
stop. You can do this by holding the
right spacing drum with your fingers,
while 'picking off" the feed pawl
fingers that advance the spacing drum

and holding them out of the way
while you slowly allow the spacing
drum to rotate counterclockwise to
the left margin stop. Watch the bail
arm that you disconnected from the
type box to make sure it doesn't get
caught on anything in the process.

12. You will notice the code bar
assembly running the width of the
typing unit, and in about the middle,
vertically.

hammer

13. This code bar assembly is held
between the two main frame plates of
the typing unit that also hold the
paper spool at each end. Look at the
right end of the code bar assembly
and you will see the transfer system
that operates the code bars. You will
see the arms that connect to the code
bars to move them. From directly in
front of the selector magnets, go
left 2" and notice on the code bar
assembly a triangular shaped plate
(150301) that is held to the base of
the code bar assembly with two bolts.
Remove this triangular plate. Now
note that there are two types of bars
that connect the code bars themselves
to the transfer mechanism in front
of the selector magnets. Note that
three of them are fairly short and
hook directly in front of the piece
you just removed, while three others
are longer and hook (Wwith springs)
about 1 3/4" further to the left. Re-
move all six of these bars, the ones
with the springs just push on and you
can pry them off, you can remove the
springs after the bars are off, or
nearly so.

14. Now you are about ready to re-
move the code bar housing itself.Look
at the left side of the code bars,
then look about one inch to the left
of the center of the code bars and
you will find two bolts, one above
the other on the left frame of the

typing unit. Remove both of thenm.

15. Now look in a similar position
on the right side of the typing unit,
and you will find two more that hold
the right end of the code bar housing
to the typing unit frame.Remove those
two.

16. Now the entire code bar housing
should pull right out of the typing
unit.,

17. From here on in, there isn't
too much we can help you with via the
printed word. First, remove the 6"
piece (bracket) (154380) from the top
of the housing. Use a large enough
table; you can put these items in
their relative position on the table
as you take them off.

Typing unit efier frort plate

hes heen removed, Arrow points

to the square rocker shaft,

Two bolte ere removad fron tha
middle of this sha“t ss part of
the front plnte removel procedurae,
The cude bar housino can Le
clearly seen m faw incnes sbove
this rocker sheft,

18. Next, remove the top piece that
is held on with two quarter-inch
bolts 9 5/8" apart. To do this, you
first have to remove the two small
bolts about in the middle of this
"tie bracket" (153321). Those two
small bolts hold the center "guide
bracket" (150304) which keeps the
various code bars spaced, vertically.

19, You will now want to remove the
left-hand assembly. First, you will
notice on the front left-hand side
two plates side-by-side. Each has two
bolts holding it in place. Remove the
right-hand plate first and pull off.
Then remove the left-hand plate,keep-
ing in mind there are a total of 7

springs and ball bearings beneath

this plate. They will not pop out if
you are even moderately careful.

20. When the plate is removed, take
out the springs and all the ball
bearings that want to come, by turn-
ing the wunit upside down, while
catching these items. Write down the
positions of the springs before you
take them out. If you forget, we'll
remind you in the reassembly instruc-
tions where they go.

21. Do the same for the rear side
of the left end, where again you will
find 7 springs and 7 ball bearings
under the plate.

NOTE: THIS IS A GOOD TIME TO INFORM
YOU THAT THERE ARE NO ADDITIONAL
SPRINGS OR BALL-BEARINGS FOR THE
"ZERO" CODE BAR, SO DO NOT EXPECT TO
FIND ANY. THE NEW CODE BAR IS OPER-
ATED BY THE BELLCRANK ON THE FRONT-
PLATE WHICH ITSELF IS SPRING-LOADED.

22. From
watch very

here, the only thing to
carefully is the removal
of the two long vertical pins (studs
() 152089) about a half-inch closer
to the center from the bolts you re-
moved to take off the top bracket.
These two pins (studs) are about 9"
apart. They appear to be screwed down,
but do not try to unscrew them! They
actually have a hole drilled clear
through their side, near the bottom
and are "pinned" in place.

23. On the rear, near the bottom
of these stud pins, there is a bolt
that runs through the bottom of then.
Remove each of these small bolts. On
the rear of the stud pin on the right
hand side, there may be a second bolt
near the top--be sure to remove that
one also.

24. From here on, it's merely a
matter of putting the new "Zero" code
bar in place, once all the other
items have been removed, such as the
vertical post that connects to the
bottom FIGS-LTRS code bar. Then re-
assemble the entire unit like it was.
This will be time consuming, but
should not be particularly difficult.

25. Put the code bar assembly back
in the typing unit, and install with
the two bolts at either end.

26. Put the three shorter bars in
the right end, then the three longer
bars, and hook up the springs.Replace
the little triangular plate in front
of the code bars once more, and you
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should be all finished
modification.

27. Replace the front plate, again
watching for the items mentioned
earlier:

1. That the bellcrank engages the
slot in the new "Zero" code bar

2. That the FIGS-LTRS code bar is
engaged by its lever

3. That the twa small bellcranks
at the top of the front plate {about
the middle horizontally) engage the
code bars normally

4. That the circular plate at the
bottom of the spacing drum feed pawls
lines up with the notch on the front
Feed pawl.

Then put the bolts back in place
on the front plate, including the two
on the bottom rocker shaft, connect
the bail arm to the typ: box, and you
are all finished,

with this

YOU HAVE AUTD CR-LF

Assuming you already installed the
parts in the stunt box, and have in-
stalled the bellerank and rear margin
ring on the right spacing drum, you
should now be all set fer auto CR-LF.
As you now approach the right margin,
the tab on the rear of the new margin
ring should c¢ellide with the new
bellcrank, causing it to tile, As the
top of the bellcrank is in the slot
of the new "Zero" gode bar, this
should pull the code bar to the "in®
position [spacing, or "non-select!l)
which then allows the function bars
in slots & and 39 to operate on any-
thing next typed or received. This
in turn will send the carriage back
and turn up - a2 new line, while of
course returning the right spacing
drun to the left margin, alowing the
new "Zero™ code bar to return to the
Yout" or marking position (select).

SETTING THE MARGINS

With auto CR-LF you may wish te
reset the right margin stop. This was
discussed somewhat, if you wish to
review those comments., To summarize,
if you DO NOT HAVE SIMPLE NON-OVER-
LINE, you would want to get a 7-char-
acter line, and trip off the aute CR-

LF system on the 73rd character typed

RITH THE NOK-OVERLINE SYSTEM, ORE

EXTRA CHARACTER IS NEEDED FOR NORMAL
OPERATIONS. Thus WITH WNON-OVERLINE,
you would want to respond to the 7&th
character to automatically return the
carriage and turn up a new line.

WHERE ARE WE NOW?

Now everybody should be up to com-
plete amateur RTTY standard, having
communications keyboard,
tions type, downshift-en-space, non-
overline, a "blank key" on the key-
board, and auto CR-LF.

communica-

WHERE NEXT

Basically, we have finished with
the basic set of articles for putting
your House 2BKRS inte nermal configu-
ration fer RTTY. At the same time,
you have learned a bit more about
your machine. You should be at least
somewhat familiar now with the stunt
box, its operatian, and a bit of its
potential.

About all that remains will fall
intse the "I'd like to do that with
the stunt box" category. To this ex-
tent, we shall cencentrate on the re-
maining articles on some of the
things the stunt box can offer and
how to do it. It is a bit like set-
ting up 2 computer since such a vast
variety of things "may be programmed"
Thus most of the suggestions will be
Pideas" which you can incorporate if
you wish.

MODIFICATION OF THE KENWOOD TS-B20
FOR AFSK RTTY OPERATION
WITH 500 HZ CM FILTER

Hank Scharfe, WGSKE

With the 500 Hz CW filter {Kenwood
Part MNumber YG-88C} installed per
paragraph 6.2 (page 34 of the T5-820
Operating Manual) and with the mov-
able connector IFZ? installed in Loca-
tion B per Figure 25 (also on page
3% of the Operating Manual), narrow—
shift (170 Hz) stadard tones (Mark
2125 and Space 2295) may be received
through the T75-820 with the Mode

Switch set to the FSK position.

To operate the T5-820 in an AFSK
configuration, it is necessary to
transmit with the Mode Switch in LSB,
because when in Transmit, the FSK pa-
sition of the T5-820 generates its
own carrier interpally, which in turn
is meant to be F3Ked (not AFSKed).

The following modification permits
AF5K gperaticn in both LSB and FSK.
The modificatien itself converts the
FSK position of the Mode Switch to
a second L$B mede, but with the 500
Hz filter in the bandpass instead of
the 2400 Hz S$SB Filter,

After wodification, AFSK RITY may
be transmitted in either the LSE or
F3K position of the Mode Switch, and
as before, may be received in either
position alse,

NOGIFICATION

With the top and bottom sovers re-
moved from the T75-820, locate the
front panel Mode Switch, 8-6.Although
the switch consists of 5 wafers with
i0 differert switch sections, Kenwood
enly utilizes 8 of them. Of these
8, only 5 need be modified.

For the sake of this medification,
the deck closest to the frent panel
will be referred to as Deck 1. The
last deck on the switch will be Deck
5.

With the T5-B20 right-side up, and
starting with the front-most deck:

DECK 1 TOP: Locate diode D2 on
switch and install jumper atross
diode. '

DECK 2 TOP: No change

DECK 3 TOP: No change

DECK & TOP: Terminal S has no con-
aection on it, Install a jumper from
this terminal to termimals 3 and &

which have blue wire connected to

them.

DECK 5 TOP: No change.

Turn the T5-820 wupside-down and
modify the bottom side of the Mode

Switch in the following manner.Again,
Deck 1 is closest te the front panel.

DECK 1 BOTTOM: Glip the two wires
{one is black and the other is white
with a red tracer) from the switch
terninal, Reconnect the two wires to—
gether, but not to the terminal.

DECK 2 BOTTOM: Clip the white/pur—
ple tracer wire From its terminal and
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and tie back so that it cannot short
te anything else, Add a jumper from
this terminal to the terminal just
to the left of it {lecking from the
frant of the T5-820).

DECK 3 BOTTOM: Clip black wire from
its terminal and tie back so that it
cannot shert to anything else, Add
a jumper fram this terminal to the
terminal  just to the left of it
{looking from the front of the T75-
8z0}.

DECK & BOTTOM: No change.

DECK S BOTTOM: No change.

With the T5-820 still upside-down,
locate ths X43-31110-00 board. This
is the 'voltage-divider' beoard in the
center and towards the rear of the
transteiver,

Locate the orange wire that is
wire-wrapped on Terminal FSB of this
board.

Cut the wire loose from the F3B
terminal and tie 1t back so that it
will not short to other terminals or
components,

This completes the modification of
the T5-820 for narrow-filter AFSK
RTTY operation with the Mode Switch
in the FSK position,

Replace the T5-B20 in its cabinet,

GPERATIOR

When the front panel Mode Switch
is now placed in the FSK position,
the T5-820 is actually in L3B (lower
side-band) and the CW {500 Hz) filter
is switched inte the IF section in
place of the $58 (2400 Hz) filter.

Connect the T5-820's PHOKE PATCH
CUTPUT to the audic input of the TU.

Connect the TS5-820's PHONE PATCH
INPUT to the AFSK output of the TU.

The tones of the AFSK Tone Keyer
in the TU should be set for 2125 Hz
Mark and 2295 Hz Space, which is 170
Hz narrow-shift.

Tune wp the ¥5-820 im the normal
manner, switch to the LSBE and set
micraphone gain for 50 watts output,
as read on a good quality in-line
watt-meter.

Switch to the FSK postion. If power

output drops slightly (because of
additional attentuation through the
500 Hz CW filter), increase micro-

phone gain slightly for SO watts cut-
put,

When in Receive, the Passband Tun-
ing (IF Shift) will normally be set
at 10:00 (IF Shift will normally be
set at 10 o'clock when using the LSB
position and ZERD (straight up) when
operating the FSK postion,

Generally, AVC should be turned OFF
for lowest error-rate copy on mar-
ginal signals.

The internal Audic Monitor may be
used to 'keep track' of the memory,
CW-10er, etc.

L.z 2

SOME IDEAS ON AUTONATIC
STATION CONTROL

Jim £adie, VEIDCX

A number of excellent articles have
appeared in various publications des-
t¢ribing electronic stunt boxes,SELCAL
units, and message generaters. In the
past year or so, I have built a nunm-
ber of these units, and finally de-
cided to put the whole thing together
in one package. I am about to des-
cribe the control and interface cir-
cuitry used at my station to combine
a SELCAL and message generator for
unattended operation of the RITY sta-
tion., Seme portions of the circuit
may Find useful applications in other
projects you may have in mind, It is
suggested, if vyou are not familiar
with the "sel-cal", the article writ-
ten by YEGBY, appearing in the Febru-
ary 1975 issue of "73 Magazine!, is
required reading.

The SELCAL used at this station has
3 independent “character sequence re-
cognizers”, each requiring 4 selected
characters be received in order to
turn on. Two of them are used to ac-
tivate the message generator, and one
for the T.D. The message generator
may be activated alone, however, if
the T.D. is activated, the message
generator must be activated before
the T.D. will operate. The message
generator contains station idenmtifi-
cation in both CW and RITY (see Dec.
75 issue URTTY JOURNALM}, thus the
station will always be identified at
the end of a transmission.

The PTT line turning the transmit-

ker off and on is protected with a
timer so that the carrier will remain
on the alr for no more than 2 minutes
under, any cireumstances. Another
timer circuit is also included so
that the transmitter is not activated
until 5 seconds after the received
carrier drops out, assuming the SEL
CAL has been activated. While 2 sig-
nal is being received, input F {Fig

1) is held high. When the carrier
drops out, input F goes low, and
after 5 seconds elapse, the output

of U9 goes high,
UL1A and U12B.

activating gates

o

SIMPLE KIRING FOR THE MODEL 15-19
TELETYPE

Everett Hawley, K8JTT

Most nineteens contain excessive
wiring and components such as
switches, filters, line resistors,
relays, brackets, terminals, nuts,
and beolts, etc. Far more than is re-
quired or even desireable for good
amateur RTTY. When the average han
takes a first lock at his machine and
tries to compare it with the diagrams
of teletype corporation, which is
about all that is shown in the vari-
cus handbooks, it is no wender that
he is completely lost. But actually,
the wiring needed for best amateur
operations is extremely simple. So
why not get out the cutter, hex wren-
ches and screw driver and strip the
machine dewn Lo its basic mechanical
parts, This will also give you a
chance te clean up all that oil and
grime that covers everything on the
base, motur, keyboard and TD., It is
rarely necessary to strip the printer
settion so that can be merely cleaned
up with rags, swabs, a tooth brush,
small wire brush, @ Tips, or anything
handy. Just get the excessive oll out
of there.

The enclosed charts provide For the
simplified rewiring and furnish a
basis for later changes and trouble
shooting that will be worth far more
than the one evening that it should
take to get the job done. As far as
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practicable, these charts are ori-
ented to the general location of ter-
ninals and other components as viewed
from the top and front of the base
and keyboard. Yeu will note that pro-
vision has been made for certain re-
mote functions that can be added nou
or later with little difficulty.

The narrow shift CW provisiom will
operate only if the F3K or AFSK line
runs directly through the keyboard
and TD. But the automatic CW from
tape can also be made to operate for
wide shift or mark or space make or
break. Also note that the send-re-
ceive-break tab sticking out of the
left front of your machine cover
makes a swell little CW 1D key if the
latching arm is removed. Ours is
wired to give narrow shift CW by key-
ing it and te give space when raised
up by breaking the FSK line for test-
ing,

If you follow the charts for the
power supplies, no outhoard supplies
Wwill be required, which will leave
the back of your table clear for just
wiring and terminals. Note punch and
10 magnet supplies are merely simple
diode circuits from the AC line,

If you have a madel 15 instead of
the 19, the same diagrams will apply.
Just omit any wiring going to the
punch or TO,
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MODEL 15 PRINTER : et s nary wirduany])

The model 15 is a page printer,self s Lt n
contained, with keyboard and motor. Ed: oy
It has a single magnet selector, b bma
which can be operated directly from

your Terminal Unit or through use of J !T
a polar relay. Two types af selsctors L
are to be found on various models of Tomves sdarmmrs e——

the 15, first the so called "pull
type', magnet which requires the cur-
rent to be on to pull the selector [
back after each operation. The secend
type is called a "Holding Type"
selector, which mechanically returns
the selector to operating conditien ‘2.:—73'5
after each operation, The later ma- Sansituntd

chines have the second type of selec- .'L!%:T!_-L.MM gh:-sr..mm - TRTTY
tor, but dees in ne manner make the Sangpron & i Ay _1{_1:

earlier version unsatisfactory. Both —
types can be operated with the two

coils either in series or parallel,
to provide 30 to 60 mil operation.

The keyboard has the standard type
of distribution assembly, which is
similar to that in the model 12, 14,
19, 24, 26 machines. As received,
they have the c¢o0il and condenser
atross the contacts which has to be
remeved for operations of your FSK
direct, However, if a polar relay is
used, it can be left in place to re-
duce RF noise generated by ths con-
tacts breaking the keying current.

In the model 15, the paper is held
on a roller which does not move back
and forth as in the model 24 and 26s.

The type basket travel from left to
right a copy is received.

The range finder is located on the
left hand side of the printer, and
¢an be adjusted, when necessary,
through a small door on the left side
of the cover.

An Munshift on space®, cut out or
in, lever is provided under the frent
of the printer. See photo for loca-
tign of this feature, Man DX RTTYers
will find this feature to be of ad-
vatage in copying weak signal, espe-
cially when a static pulse operates
the shift to upper case. It can be
cut out by shifting the lever to the

ether position, i ‘

Also the keyboard can be replaced TengL 1 TASUAMITIRA-DisTRIBYTIA

i i i (1) NOTE- HORWALLY CLOSED CONTACTS ARE THOSE IN COKTACT WHEN
with a 15 per‘For'.at.lng keyboard, wh}Ch DESTRIBUTOR BRUSHES ARE OM SEGMENTS | THRU S (NOT STOF OR STARTY
makes the 15 similar to a 19 unit. UiTHOUT TAPE [N GATE.
This requires a power supply which (2) WOTE- TERM{NALS 7.8 & § ARE FOR REMOTE CONTROL OF MOTOR

. . . ANG TAPE START FUHCTIONS,
will provide 500 mils at 110 wvolts

67



DC. The base casting is slotted for
this modification.

The complete model 15 is made up
of the following major parts: Base,
with wiring; keyboard which plugs
into the base; motor with electrical
connections which make, when the
motor is bolted to the base; printer,
which contains all of the selecting
and printing functions; a cover which
completes the unit. Additionally,some
of the 15s have a polar relay-socket
mounted in the rear, others have an
additional relay which controls the
motor from line current. Other type
motors can be had to operate from
generator AC supplies or DC. Other
type faces can be purchased to covert
to weather operations. To mount the

type faces soft solder is used, which
permits one change the fraction pal-
lets quite easily. Key tops can be

changed by lifting at the top of the
keys and pulling up, to replace, re-
verse the operation. Normal amateur
operations are at a speed of 60 WPM,
using gears which have numbers 74812
and 74913. However, speeds of 75 WPM
can be had for other uses.

MODERN AFSK OSCILATOR
Donald Kelly, WA@TJR

My quest for a simple, reliable,
and inexpensive AFSK was solved by
the discovery of the Signetics func-
tion generator--the NE 566. The first
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use of this integrated circuit as an
AFSK was detailed by K7Z0F in Ham
Radio of March '73. After reading his
article and the Signetics application
notes, [ decided to design my
with the circuit results shown.

This unit costs about $10 to build.
It produces stable sine wave outputs
for the purest, but the filter can
be removed if a triangle modulation
waveshape is acceptable.Total current
consumption is 10 Ma at 12 volts. The
total part count is 29 versus 54 in
the AK-1. The reliability of the unit
has been fine. After a month useage
(I leave my transistor gear on 24
hours a day 7 days a week), there was
no shift in frequency.

The NE 566 is a voltage controlled
oscillator. The basic frequency is
set by Rl and C1 and then modulated
(FSK'd) by shifting the voltage on

owWn

pin 5. A well regulated source of
voltage 1is essential. One of the
three terminal regulator IC's will

handle both the TU and the AFSK.
The parts are those in my junk-box.
None are critical. The filter needs

1.2K terminations and there is no
difference between mark and space
tone amplitudes at the output. The

resistance ratio was chosen to match
the output of my Heath mike. All re-
sistors are 1/2 watt carbons since
they carry nill current. The pots are
single turn cheapies and you can hit
the frequencies on the nose with the
values shown. The 2N3904 needs plus
12 on space and plus 2 or so on mark.
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3 BAND-Xtal CONTROLLED,
RECEIVER AND TRANSMITTER,

HEATHKIT TRANSCLEVER ,
90L5.00 KHz {high frequency osci-

Truman Beerkoel, KBJUG *

This is enough to raise some eye-
brows, but let's be more specific.
Would you beliewe excellent copy on
170 shift and stability so precise
that unattended aute start is easily
accomplished.

The abowe is how my article started
when it was published iIn the RTTY
Journal back in December 1967. A nun-
ber of changes can now be added to
this original article, WGFFC Irv
Hoff's %T-4 crystal oscillator will
be incorporated, And WPKXZ Jack Head-
ley's article on the conversion fron
15 to 20 meters will also be included.

The unit we are talking about 1is
Heath kits HW 16 Hovice 3 band trans-

ceiver, The receiver contains an RF
amplifier, hetrodyne nmixer, erystal
controlled  hetrodyne  oscillator,

bandpass coupler, wvariable VFO, VFOD
nixer, crystal Ffilter, if amplifier,
product detector, crystzl controlled
BFY), and ? audio amplifiers; sensi-
tivity, less than 1 microvelt for 10
DB signal-pulse-noise to noise ratio;
selectivity, 500 cycles at 6 DB down,
Sounds like 2 winner for 170 cycle
gshift, but there are some problems.
First apparent thing is that the BFOD
crystal comes out on the wrong side-
band and not in the center of the
passband for 170 cycle shift, This
must be changed. )
Computations for determining crys-
tal freguency for the receiver sec-
tion, thanks tc W83DZ Keith Peterson.
Assuming that the half-lattice fil-
ter operates as they normally do, the
center frequency will be half-way be-
tueen two crystals, this is 3395.200
%es. When working with RTTY, it is
easier if you convert everything to
center frequencies. For instance the
3637.500 Kcs. channel 1s a center
frequency of 3637.41% Kes.
3637.500 KHz {desired receiver fre-
quency)
—0.085 KHz (.085 KHz is just half
of 120 cycles)
3637.415 KHz (desired receiver cen-
ter Frequency)

lator)
~3637.415 KHz (channel center fre-
quency)
5L07.585 KHz (First IF frequency)
-3395.300 KHz [second IF center fre-
quency)
2012.285 KHz {second heterodyne
asc. MYFOM)

The desired audioc center frequency
2125 Hz

+ B85 Hz
2210 Hz

FOR HEATHKIT
3395.300 KWz (second IF center fre-
quency)
= 2.210 KHz {audie
quency)
3383.090 Khz {YFD crystal frequency)
Using the center Freguency approach
is possible because you know that you
have plus or minus 150 cycles band-
width {at IF) on either side of it.
It is therefore possible to state:
For the Heath Kit Hk-16 CW trans-
ceiver and the BOD meter auto start
freguemcy, one would need a 2012,285

center  fre-

Kes. crystal to replace the receiver
YFO, and 3393.090 Kes, crystal to re-
place the present receiver BFO crys-
tal.

To crystal control the receiver,
it is necessary to disconnect the
variable receiver condenser at point
m on the receiver printed g¢ircuit
board (this eliminates L-7, C-55, C54
and C-53 from the circuit). Using the
vacated hole at point "X" ¢n the P.C.
board as one hole for mounting the
crystal, drill another hole in the
P.C. board so that the crystal can
be mounted frem point X" o ground.
Solder this crystal in the same nan-
ner used to mount the other crystals
on the P.C. board. If you desire to
use crystal controlled receive on
3675.500 KHz., use a 2012.285 KHz.
trystal, If the frequency needs pull-
ing one way or the other to zere 2
few cycles, you may adjust the fre-
guency by varying the tuning of L-§
on the P.C. board.

The side tone that is built inte
the HW-16 must be disabled. Discon-
nect one end of the neon lamp associ-

Yi-Xtal F-6.3 VAC C2-470 pf

CA, CB, CD, CE - padders J-Jumper C3-100 pl

D1-1N270 R1-47K 2 Wt. C5-150 pt

A--ISlJVDlC R2,R3-56K Cé, C7 - 1.5-7 pf piston
g::ﬁ“o:fng" R4, RS - 100 K C8-001 uf

E-Grid bias cutoff C1, €4, Co - .01 uf L1-2.5 mh

Parts & Placement for the WABNGJ board.
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THE MAINLINE XT/4 CRYSTAL RTTY OSCILLATOR

ated with the side tone gensrator to
accomplish this. By removing the side
tone function, the receiver will be
capable of monitoring the transmitted
signal.

It may be necessary to install, on
the back panel, a speaker matching
transformer to match the input impe-
dance of your particular terminal
unit, Put a pad on the speaker, so
the speaker may be run at nermal room
audic levels, yet supplying tha
terminal unit with adequate audio to
fully saturate the limiters.

Transmitter nodifications: So¢ fFar
this has been a "No Holes" modifica-
tion. MHowever, 1 strongly suggest
that the Sylvanin grasshopper type
power supply fuse be replaced with
a conventional fuse. To do this,
mount a Fuse holder om the back apran
of the HW-16. Remember, this Ffixed
frequency net type operatiom is a 24
hour unattended business and if some-
thing goes wrong, the grasshopper
fuse will open, and when cooled doun,
reset, open again, et¢. until it is
discovered that something is wrong.
This may be too late, as it happened
to me after 6 1/2 years of continuous
operation where darned near every-
thing melted.

The KT-4&, Irv Heff's crystal oscil-
lator, which has been reprinted here,

may be buillt into a small Bud mini-
box with an octal plug mounted on one
end of the box to nmatch the octal
accessor socket on the HW-16 in the
following manner. Plus 150 volts to
pin 7, 6 VAL to pin 2, greund to pin
1, grid bias to pin 8, FSK voltage
& RF output are connected to two
phono jack connectors mounted on the
other end of the Bud mini-box. RF
output jack with a shert length of
coax, FSK woltages may be taken from
the FSK keyer in the terminal umit
with a length of coax. Terminal units
such as the TT/L types, §7-3, ST-4,
5T-5, 87-6 are tailor made for the
AT-b.

B8 plus of 310 volts is already con-
nected to pin & of the HW-16 acces-
sory socket. It will be necessary to
connect a 10K ohm 2 watt voltage
dropping resistor from pin 4 te pin
7 of the accessory socket to supply
the needed plus 150 VYDC to the XT-4,

WABNGS, Doug MWilliamson, has de-
signed a printed circuit board for
the XT-4. This will simplify the con-
structien of the unit and has allowed
us to reprint his layout here, shou-

ing both the foil side and parts re-

placement. This will enable the
builder to reproduce this board
easily. The board nmay be mounted on

the top side of the bud mini-bex, or
be mounted on the inside of the HH-
16, as will be shown in a2 20 nmeter
conversion article later.

Rapid switching may be accomplished
at a remate location such as a switch
on the keyboard of the printer. This
switeh  would short the key jack
located on the back apron of the Hu-
16. When closed, it will automati-
cally actuate the transmitter and
simultaneously nute the receiver by
means of the automatic switching de-
signed into the HW-16.

A note should be made about true
transceiver type operation. Most
transceivers use gortions of the re-
ceiver and poertions of the transmit-
ter for dual Fumetion purposes,there-
fore it is impossible to tell exactly
what your transmitted frequency is.
The HW-16 is a caompletely separate
receiver and transmitter, If you de-
sire, you may leave the receiver con-
nected to the input of the terminal
unit and monitor your transmitted
signal on the terminal unit scope.

Those interested in the theory be-
hind the X7-4 crystzl oscillator are
encouraged to read Irv Hoff's article
published in December 1967 RTTY Jour-
nal.

CONVERTEING THE HW-16 to 20 METERS

Converting the receiver and trans-
mitter to 20 meters

Hechanical stability

Receiver AVC

Internal mounting of the XT-&
Front panel receiver vernier tuning,

Follewing is a Crystal Chart of the more popular auto start net frequencies.
HW-16 Receiver Crystal Frequencies

. B0 METERS 40 METERS 20 NETERS

Operating

freq. 3637.500 3617.500  7137.500 7117.500 14,082,500 14,075.000
Receiver
osc., xtal 2012.285 2032,285 2012.285 2032.285 2 067.285 2 074.28%
HFO xtal original original original original  19,545.000 1%,545.000
BFD xtal 3393.090 3393.090  3393.090 3392,090 3 393.090 3 393.090
XT-& xtal  3637.415 3617.415  7137.415 7117.417 7 041.200 7 037.000
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Lonverting The recelver section ot
the HW-16 from 15 to 20 meters. Re-
move the 25,545.000 kHz 15 meter HF
oscillator crystal. Replace it with
a 19,545,000 kHz crystzi. Install a
10 pf mica capacitor across Lé. With
the aid of a grid dip miter, tune L4
to 19,545,000 kHz. Remove L1, unwrap
the old windings and rewind the coil
farm with 12 turns of number 22
enamel wire. Reinstall L[1. With the
aid of a grid dip meter, tune the
coil to 14 MHz, Install the approp-
riate desired receive frequency crys-
tal frem peint "XM on the receiver
P.C. beard, to ground. Refer to Part
1 in the July 1974 RTTY Journal for
the procedure required to calculate
this e¢rystal freguency, alss refer
to the ™Popular Net Frequencies!
chart to be sure that you are in the
right ball park.

Converting the transmitter section
of the HW-16 from 15 to 20 meters.
Install a 20 pf mica capacitor across
LS. With the aid of a grid dip neter,
tap on L16 [final tank coill 3 turns
up. The transmitter doubles to 14 MHz
and 7 MMz crystals are used in the
AT-4 for operation on that band.

You may desire to stop at this
point; however, some instability is
inherent on 20 meters. This conditign
is both mechanical and electrical,

Host of the mechanical instability
is the result of the light hook-up
wires connected to the band switeh.
[ would suggest that this wiring be
replaced with 2 heavier bus bar.

Electrical instability is primarily
due to the unregulated voltages at
the receiver oscillateor stages. In-
stall 2 VR1S0 voltage regulatar tube
and socket in the front cuter corner
of the HW-18 receiver section. The
center of the WYRI50 tube socket
should be 1" from the right hand edge
of the chassis and as clese to the
HW-16 receiver P.C. board as pos-
sible. This will allow adequate roon
to install the XT-4 pisten trimmars
en the front panel, Solder a one lug
terminal strip on the circuit bopard
foil on the ground bus near point VPN,
Connect a wire from this lug on the
terminal strip to pin 5 of the YR150.
Remove R3I1L frem L6 to point “P" gn
the «circuit board. Connect a 5600
ohms 1/2 watt resistor from LG to the
terminal strip, Connect a 4500 ohm

10 watt resistor from the terminal
strip to point "PY on the circuit
beard.

Receiver AVC may be added by using
a CK1121 Raythean Raysistor. The
socket which is supplied with the CK-
1121 may be mounted in any conmvenient
place on the back apron of the HW-16.
Hold the socket with the pinss up and
the two. close-spaced pins away from
you. Number these tuwo close-spaced
pins, 2 & 3, the left hand lower pin
number 1 and the lower right hand pin
aumber 4. Pins 2 € 3 are grounded.
Pin 1 is connected to pin 2 of VGA
on the HW-16 receiver P.C. board.
Connect pin & of the Raysistor te pin
1 of the phone jack from the audio
output of transformer T4. Remove R70
(10 ohms) from the audic output
transformer T4,

Internal mounting of the XT-4., As
described in the July 197& RITY Jour-
nal, the XT-4 may be built either on
2 small P,C. board, or hand wired.
In either case, the most convenient
spot to mount the XT-4, is at the
present location of the receiver VFO
capacitor (C53).

If you are using the P.C. board,
remove the receiver ¥FO tuning capa-
citor and either move or remove the

adjacent dial light and associated
parts. Using 1/2" netal spacers,
mount the P.C. board $o the metal

chassis above the vacated area of the
VF0 capaciter. Remove the two JFD
glass pisten trimmers from the P.C.
board and, using insulated hardware
for the one trimmer that is above
ground, mount the two trimmers on the
front panel of the HW-16. This wWill
permit easy access for the fine
adjustment of both mark and space
frequencies of the XT-4.

Using the hand-wired mounting for
the XT-4, remove the receiver VFD ca-
pacitor. Mount a tube socket for the
GEAB tube and associated terminal
strips needed. Mount the JFD trimmer
capacitors on the fromt panel of the
HM-16 in the same manner as used in
the P.C. board mounting. The only
difference is that the trimmers will
be mounted below the main chassis of
the HW-186,

Obtain your plus-150 volts from the
now regulated plus-150 wvolts VR1SD
voltage source., The RF output is <on-
nected to pin 2 of ¥7 on the HW-16

receiver P.C. board, Mount an RCA
phoene jack on the back apron of the
HW-16 to bring in the FSK keyer volt-
ages to the XT-4. Grid bias cut off
voltage for the XT-4 nmay be picked
up at point "Y" on the HW-16 receiver
P.C, board., 6.3 YAC may be picked up
on pin 3 of V4 on the HW-16 receiver
P.C. board.

Now that you can tune the XT-4 from
the front panel of the HW-16, mount
another 1.5-7 pf JFD piston trimmer
next to the two already mounted on
the front panel of the HW-16. Connsct
this trimmer to point "X on the HH-
16 receiver P.L. board. You now have
a small vernier padder across the YFO
replacement crystal, which will allow
you to zero the crystal to the de-
sired freguency and will also allow
you to peak the coils of the receiver
in accordance with the Heath Kit man-
ual,
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RTTY OPERATING PROCEDURES

GETTING STARTED

Operating procedures and customs
d¢iffer on RTTY as with other modes,
Legal identificatior by readable CM
is required by law. Other customs and
habits are determined by the operator
and to some extent by the equipment
in use. As a suggestion to beginners,
the following procedures are listed.

CW IDENTIFICATION

Your call {only} must be sent on
READABLE CW at the beginning and end
of each transmission., As on other
modes, stations breaking back and
ferth may omit this identification
as long as it is given at least every
ten minutes. Heo station identifica-
tion is required from the printer but
it is wsual to give it at the end of
each transmission as a courtesy te
other stations listening., It is not
necessary [or good practice} to print
"CW Id te follow"™ at the end of any
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transmission.

GALLING A STATION

Zero his frequency-CW ID - then
call similar to other modes. Be sure
to repeat your call several times as
this gives the ather station a better
chance to get your call correct.After
a Q80 is established, a single c¢all
is enocugh or just a BX.

CALLING CQ

Please keep them brief. A& whole
ling of (Qs across the paper is an
invitation for a station to look
elsewhere. Send 3 or & CQs and then
your call at least 3 times and repeat
for several lines and then LISTEN.
If no answer, repeat for several
times. Apy experienced RTTY operator
can recognize a CQ by ear but not
your call, so be sure to include it
a number of times. Many like to in-
tlude their name just before signing.

AND be sure you listen to the fre-
quency for other stations before
starting.

BREAKING IN A Q350

Wait until the CW ID of the trans-
mitter statien 1is finished - give
your CW ID and then BK de(your casll),
It is not necessary to give any or
all of the calls of the other station
now. If acknowledged, make a short
transmission or ask a question if you
have one and then turn it to the next
station in the group.

TYPING

Unfortunately, many of us are not
good typists and a beginner is alse
very apt £o be nervous. Do the best
you can, most RTTY operators can re-
member their first attempts and are
very tolerant. If you are 2 slow
typist, help speed things up by econe-
mizing en words, no need te apologize
or explain that you are slow - he
knows it by now anyway. Give him your
name - lecation or anything else of
interest. Abbreviate words when pos-
sible, such as CW operaters use,
Practice when you have a chance, and
you will soon pick up speed. If you
have 2 TD (Tape transmitter], make
some tape while the others are print-
ing, and when your turn comes, you
are all ready For a fast answer.

TECHNICAL TYPING HINTS
Today there are many different
types of printers in use, many with
various automatic deviges for giving
automatic carriage returns, line
feeds etc, However, you can not go
wrong with the following sequence at
the end of each lime [?2 characters
or less}. TWO0 CRs, one LF and one
Ltrs. The 2 CRs make sure that one

is received and starts the carriage

returning, the LF turns up another
line and the lLtrs gives a little time
for all this to happen as well as
making sure the machine is in lower
case. This will work with about all
machines including those with autoe-
matic Features. Most machines are
fFixed to return to lower case on a
space, 1f sending numbers or upper
case remember this and hit the FIG
key after each space or use the dash
instead of a space. Stations using
a video printer prefer none of these
functions as it is done automatically
and with a sherter line nmuch space
is lest with CRs inserted. If you are
in a group, however, with regular

printers as well as vides, use the
regular procedure to prevent confu-
sion on the regular printers.

CONMENTS

RTTY has a fine bunch of eperators.
If you are a beginner and are puzzled
by something - ask - if possible, I
an sure you will get help. Most term-
inolagy on RTTY is similar to other
modes. "73" means best wishes or re-
gards. 73-73-73 means "best wishes
- best wishes - best wishes." Choose
the one you like best. Likewise, "HIM
is used to denote humor of some kind
in the print just sent or received.
We have never been sure but suppose
that "HI-HI-HI" means a big gquffaw,
and frankly, we have seldom been
affected that way over the air. One
"HIM chould be plenty and unless you
are Bob Hope, not too many of those.
Be natural apd print the same way you
would talk te 2 person.

CONCLUSION

In spite of this long column on
"do's and dont's, RITY is a lot of
fun. Usvally it is easier

Fun 1f done the accepted

and more
way but

every person is entitled to his "ouwn
thing" and this applies to RTTY alse.
HAVE FUN and good printing.

IHERE

PICTURES OM RTTY -
HOW TG MAKE YOUR OWN

One phase of RITY that is of inter-
est to a large group, is the trans-
missien and reception of RITY pic-
tures, QSL cards, and even poems or

quotations are popular items. Tapes
of most of the popular items are
available from several sources. Best

of all, you can make up your own art
work and then exchange it with others.
Don Royer, WAGFIR 1is probably the
outstanding creator of this work, and
his article on how you can do your
own is included here. The illustra-
tion is Just a sample of a few of the
pictures all made by amateurs.

Don Royer, WAGPIR

& few years ago, you were asked if
you had ever wished you could create
RTTY art. It is still a great deal
easier than you might think.

There is auch basic art work avail-
able from which RTTY pictures may be
made. Comic strips, magazines, news-
papers, gatefolds, photagraphs and
copies of works of art may all serve
as bases for pictures. While these
may net be the right size, an inex-
pensive c¢hild's pantograph or
types of Xerox machines may be used
to enlarge or reduce them. A portrait
of Washington was made from the etch-
ing on the dellar bill. Alse, if you
have a little sketching talent, that
will help (or enlist the help of your
wife and friends)}. Be sure to keep
vour left and right margin distances
in mind when sizing your art and in
selecting protiens of large basic ma-
terial. Remember that the width
limits of most teleprinters will per-
nit a picture of only a little over
seven inches wide.

After selecting your subject and

some
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sizing the art work, run about four
feet of paper from your printer. Use
the center protion and carefully tape
or glue the drawing or photo to the
paper. Trim the edges to the same
width as your paper. Now remove the
paper stock from your printer and in-
sert the four-foot sheet whereby the
sketch 15 presented to you as it
rolls over the platen, Carefully
align the adges of the paper on the
platen. Use your line feed to bering
the top of the sketch into view. You
are now ready to type the first run
of your proposed picture directly
upen the sketch, punching a tape as
you go.

A small selection of characters is
all that is needed to produce either
outlined or shaded pictures. Study
the letters and cther characters teo
learn their individual densities. For
exanple, the M and K are the darkest,
followed by the H or X and then by
the I, Thereafter, you can use the
upshifted characters such as the
or ; followed by the " or - or . and
the like, depending upon uwhere you
want the print te fall. In this way,
you may add the shading that you de-

sire or leave certain areas blank
_ tike this:
MMHMHHHHIT s Iz 5,

et T ITHHHHRANM
going fFrom dark te light and back to
dark again. Due to their shape, you
nay also desire to use the V, A, F
or L at the beginning and ends of
dark areas to obtain smoeth lines and
perhaps accompanied by an apostrophe
or period. With a little practice,
you will be able te tell just where
any character will strike the paper.
Oc leave blank or white areas when-
ever possible and don't try to fill
the entire line with characters since
this is a black and white (hopefully
you have white paper) picture and you
must rely upon the contrast to pro-
diuce the desired detail. Continue the
typing process over the entire sketch.

Fow remove the sketch from your
printer and reinsert your paper
stock. Play out the tape you have

made. You will probably be pleasantly
surprised. Use a red pan to indicate
on the print where additions, correc-
tions and any changes are te¢ be nade.
Rerun the tape (having folded the

marked-up print and follewing it
line-by-line using the paper holder
and line guide en the printer] to
make corrections, punching a new tape
at the same time. In most instances,
a good picture may be made with a2
series of five or six correction
tapes.

When typing on the sketeh, it helps
to have a strong light directed onto
the sketch in your machine. This is
particularly true if the contrast of
the sketch is poor, as may be 1in
coler photos. Alse, since your will
be unable to see the part of the
sketch below the ribbon, a pencil may
be used to outline the arsas where
the shading will change
density to another. You may thus be
able to produce a more cemplete pic-
ture the first time thru. Scme of
the RTYY artists have found that it
halps to Xerox prints of the
original sketches or photos and to
use those for their art work, as this
eliminates some shading and pravides
a black and white format from which
to work.

Keep the detail of the origiral art
work as large as you can and don't
be afraid to experiment with differ-
ent letters and technigues. Do clean
up your tapes. This may be done

frem one

make

during the first run-thru after the
typing to remove any extra characters
that crept in by nmistaks. Te give you
some idea of the time required to
gomplete the ples, abosut 20 hours is
needed for one of the playmates that
runs 30 minutes or so. Most of this
will be in making the corrections ang
in rerunning the tape, Even after
they are apparently finished, hang
your creatien across the room to see
how it looks from a distance and then
make a final tape with the finishing
touches, increasing or decreasing
contrast in certain areas and clean-
ing up edge lines. Time and patience!

At many modern machines have non-
overline features, it 1is generally
well to avaid overline printing.Good,
nan-gverlined plcs may be made by
using the various character densities
to create desired contrast. Stay
within a 72 character line. Start and
end the tape with a series of LTRS
or Dblanks, a single carriage return
and about ten line feeds. Keep in
mind those machines which downshift
on space as well as those which do
not, If you are upshifted, and then
space and wish anether wupshifted
character, put in ancther FIGS char-
acter, Of course, the same applies
wher you want a letter following a

An|-i| ||ul|

Il".;. i

;l\'gumﬂ h\l‘ 1*1‘ -

-



space after an upshifted character
and another LTRS nust be added. At
the start of each line, use one car-
riage return, the line feed and on
LIRS unless the first character of
that line is upshifted and requires
a FIGS.

Again, make your tapes as short as
possible by taking out any unneeded
characters, extra LTRS, FIGS followed
by LTRS and things like extra spaces
or LTRS at the end of a line. Above
all, be sure to put your credit line
at the end, with the hope that others
will follow your lead and keep it
there.

There is one further situation you
may wish to consider. An increasing
sumber of machines do not use the
standard communications keyboard. On
these wgachines, the =postrophe and
the bell are switched from the more
nornzl arrangement of the apestrophe
aver the "J" and the bell over the
"$", To enable the pictures to be
printed cn either machine, it is only
necessary to use both of these char-
acters. That is, every time you use
an apostrophe follow it immediately
with a bell. This, of course, will
produce a lot of bell ringing during
reception but will enable full and
accurate print on either type of key-
board arrangement. Most of the com-
mercially available picture tapes are
formatted in the suggested manner.

If you make or obtain pictures that
are in several panals, it is very im-
pertant that your paper is very tight
on your platen. Otherwise, the panels
will net line up. In putting these
panels together, trim the border from
the left edge of the second panel and
carefully align it with the appropri-
ate edge of the first panel. You may
have to compensate if the print is
off a bit. The panels may be secured
together with plastic tape or, better
yet, wWith a small amount of white
glue. For wall display purposes, if
your paper is thin, the overlapped
areas may be hidden by backing the
finished print with black paper.

So if RYTY pictures excite your inm-
agination, how about trying your hand
at making at least one? You may find
some hidden talent,

A

RTTY TAPE - ART AND MSIC

In spite of the fact that more and
more RTTY tape gear is being used on
the air nowadays, its use seems to

be limited to the customary CQM tape,

a simple "brag" tape, and the taping
of answers in a fast (SO. Perhaps the
disappearance of Q5L cards and simi-
lar tape art is because so little,
if any, has been written about the
procedures for preparing tapes. In
the hope of encouraging you to "do
it yourself", this article was writ-
ten. Equipment needed is a printer,
a typing reperforator, and a tape
distributer-—or their equivalent.

The foremest RITY artist (who made
up those wonderful portraits of the
Presidents} prefers to make up his
preliminary sketches on graph paper.
Since few households have a ready
supply of graph paper, a much similar
approach is to print up a page, or
the desired part of a page, with the
letter "O". You can do this by hand
if you need the exercise, but it is
better to make an endless tape loop
to automatically print the "DVs,
start the tape with 3 letters shifts,
a carriage return, a linre feed, 70
"Os, and 3 letter shifts. Splice the
tape by gluing the 3 letter shifts
perforations at the end of the tape
of the 3 at the beginning. What glue
to use on the oiled tape? An expert
in office tape machines told me that
"Elnerts White Glue” ([R) is the best
possible material for the purpose—-
so much so that his company did not
market its own glus for tape splic-
ing. Use a very small amount of glue
and carefully match the tape perfora-
tions. The tapered point of an ice
pick is a help here. Check for
straightness by setting the tape loop
on edge on the table top—-if it lies
flat all the way around, it is
straight. You have a minute to make
a slight adjustment while the glue
is setting.

As an example, let's start out to
make a tape for the QSL shown in Fig-
ure L. Put the "0 tape in the tape
distributer and uwse it to print a
tlock of "0"s a little larger than
the desired form. A nicety is to use
a well-worn ribbon on the printer so
that the "O"s will be just visible,
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Now rall the paper out of the printer
and tear it off, leaving a generous
top and bottem border. Take a soft
lead pencil and sketch the desired
design, using the "O's as a spacing
quide, as shown in Figure 2. Now put
your sketch back into the printer;
carefully realign it so that the typ-
ing you are about to do will exactly
coincide with the "OU's previously
printed by the tape. Replace the worn
ribbon on the printer with a good,
black one. Start up the printer and
reperforater, and type in the desired
pattern apd lettering, using your
pencil sketch as a gquide. To check
your accuracy, run the tape through
the tape distributer and print the
results. Usually you will find tuwe
or three errors at this point; mark
them so you can readily see them, and
make a new corrected tape.
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In making new tapes from old enes,
I find it very handy to have a switch
located alengside the printer key-
board--this  switch is  connected
across the signal output of the tape
distributor. When you come to a point
ar  the tape where deletions are
necessary, just throw the switch to
the sherting position, type in the
correction, advance the tape to the
Point where you wish to copy it again,
stop the tape, flip the sharting
switch off, and you are ready te re-
sume  copying. You will be disap-
pointed to learn that the switch can-
not be used "on the Ffly"--this re-
sults in misprints,
tape.

ruining the new

One part of the §SL shown in Figure
L requires special treatment; the
part calling for the filling in of
data--the other fellow's call, RST,
time, date, etc. The QSL tape is
punched so that it types the entire
line, including the right border,
followed by a carriage return without
a line feed, followed by the number
of spaces needed to put the carriage
at the point where the call is to be
typed in manually. At this peint, the
tape should have a bell signal fol-
lowed by 8 to 12 letter shifts, end-
ing with 2 carriage return and a line
feed. The same technique is used on
each of the other lines where data
is to be typed in manually. In trans-
mission, then the procedure is to
listen for the bell. When it sounds,
quickly turn off the tape advance,
manually type the entire line of
data, and then without using the car-

riage return or line feed, turn on
the tape advance and wait for the
next bell to signal. Fer the line

where you are to type in the time of
@80, you nmay prefer to use figure
shifts instead of letter shifts--it
saves you punching the figure shift
key manually--but if you do, be sure
to include a letters shift at the end
of the series.

This may be a good time to mention
the wmatter of excess carriage re-
turas. I started out in RYTY with a
model 26 that never could quite get
back te the left margin in time to
properly print a tape-transmitted
signal, so I got the habit of always

inserting a few extra carriage re-
turns on my tapes to nmake sure the
printer had time enough to print
properly. Now [ learn that some of
the fabulous 285 have an arrangement
to line feed each time they receive
2 carriage return--and a friend of
mine sent me a page of copy to show
how 1 was wasting his paper, hi! So
watch those carriage retuens for the
sake of your lucky friends.

Now that we have struggled through
the first GSL, it wen't be necessary
to start from the very beginning on
the one shown in Figurs 3. The trick
here is to take a copy of the Q5L of
Figure 1, put it back in the printer,
and then carefully type a line of
"0"s to cover the open spaces only,
followed by a carriage return with
no line feed and an over-printing of
"X"s. Note that this new OSL has an
added feature--a place for name and
address, as on a postcard, When you
run out of your printed §SLs you can
easily run off a RTTY QSL card. The
data can be filled in on the printer
or with pen or pencil. Creass the
copy at the bottom of the design and
paste it to a 4" x B" file card.
After the paste hardens, trim the
card to size, and it is ready for
mailing.

For the RTTY contest man, the fol-
lowing should prove helpful. The
First of two tapes is used in the
situation where you have been calling
"CO Contest" and a station answers
you. You manually type his call
several times and then use the fol-
lowing tape:

{no carriage return or line feed)

Ge WBOMI THANKS OM FOR THE CALL PSE
G3L MY NR UR RST DATE-TIME BAND SEC-
TION carriage return, line feed, sig-
nal bell, and & to 12 figure shifts,
and a letters shift) {end tape). When
the bell sounds, stop the tape ad-
vance, manually type in the data be-
low each heading, using dashes or
periods between numbers to avoid
shifting.

The second contest tape is used in
the situation where the other fellow
has called "CQ contest" and you are
answering him. When he returns, giv-
ing his text, use the second tape
{similar to the first one,except For
the headings which are as follows:

@5L UR NR UR RST DATE-TIME BAND PSE
QSL NY NR
FROM MWICHIGAN SECTION BK BK

In use, the contest tapes should
be clearly marked with a heavy lead
pencil to aveid mixups in operation,
They can be endless, but I prefer to
have them repeated several times on
a strip. If you are a slow typist,
you can include considerably more
routine material-_Mthanks for the
contact, hope you have good luck in
the contest, name here is Ed, etc.,
etc,, and for any other contest
call," Use of these tapes makes for
extremely rapid cperation and assures
you of transmitting all necessary
contest data on you first transmis-
sien. If things are rough, you may
want to make a reperf of your trans-
mission so you ctan repeat it com-
pletely by using the reperfed tape.

Husic on RTTY? Percussion is pro-
bably a better term for it. I am sure
you have all heard that old refrain
"Shave and a haircut" banged out en
the bell signal, but I wonder if you
have ever tried to do it on tape? Try
this ("F" indicates a figure shift,
3" is the letter “5M):

FSFFFSSSFSFFFSFFS

If you are musically inclined, the
basis for this is as follows:

one half note

bell and seven shifts
ahe quarter note

bell and three shifts
one eighth note

bell and one shift
one sixteenth note bell

Figure & shows the application of
this to "Jingle Bells", which you may
want to try for yourself. A far more
interesting and "hep" version gives
it a catchy Mew Orleans jazz beat and
combines with it the typing of "Merry
Christmas and 2 Happy New Year to
AlI". Its reproduction is tedious but
worthuhile. The hardest part is keep-
ing track of what you have typed and
what comes next. Ip addition to "F"

and "“S" as above, now "X" indicates
a letters shift, and "Z" a space.
Spaces shown here between symbol

groups are aids in reading only—-do
not include them in your tape:
Carriage return and line feed
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FSFSFSXMFS FSFSXEFSFS
FSFFSSXRRY ZFF SFSFSFF
S5FSFSF55S

FSFSFSFSXC FSXHFSFSFS
XRFSFSFSXI FSFSFSFFSS
XSTHASFSFS

FSFFS3FSFS FSSSFSFSFS

FSXZANFSSS FSFSFSFSKD
ZAFS5SFSFS

FSFSXZHAFS SSFSFSFSFS
FSF3FSSSFS FSFSFSXPFS

XPFSFSFSXY

FSFSFSFZFS FSFSFFSSYN
EWZYF3FSFS FFSSFSFSFS
SSFSFSFSFS

XEFSAAFSFS FSXRFSFSFS
XZFSFSFSFF SSXTOZALFS
FSFSFFSSFS

FSFSSFSFS FSFSFXL
Carrigge return and line feed.

AWARDS FOR RTTY OPERATIONS

There have been many Awards made
available to the RTTY amateur over
the years and what we have tried to
do here is gather them all together
in one place for handy reference. The
collection may not be complete but
are all those we are aware of at this
time. As others become known or made
available to the RTTY'er, we will add
to the list at scme future date.

We would also like to make you
aware of the many fine Awa.rds made
available by the sponsors of the RYTY
Contests that take placs every year.
They range from beautiful engraved
Flaques, to gold, silver and bronze
medals, down te really fine certifi-
cates for call area winners. Give it
a try, you may be surprised how
easily you may win ons of them.

100 - DXCC - RTTY
"100 OX Countries Confirmed om RTTY"

The RTTY Journal will present the
100 - DXCC - RITY Award teo any ama-
teur that produces proaf of two way
radioteletype contact with 100 dif-
ferent countries. The ARRL Country
List will be the final authority as
to what constitutes a country for
amateur radie purposes and we would
advise that those interested ohbtain
a copy of "Qperating AId Nr.7", which
is available from the ARRL.
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There is no charge for the Award  that such records are held for more

and it is in the forp of an attrac-
tive engraved Plaque that any ana-
teur would be proud to display. Once
the Award is obtained, additienal
“"endorsements", to be attached to the
Plaque, will be awarded for addi-
tional countries contacted, in aul-
tinles of Ten {10).

Application For the Award is to be
made in the following way:

1. Submission of 100 or more QSL
cards along with a list of the coun-
tries claimed. These are to be sent
te DX Editer, RTTY Journal, P,0. Box
RY, Cardiff by the Sea, CA 92007.
Registered mail should be used and
sufficient return postage in the forn
of US funds or IRC should be included
to have the cards returned in a like
manner.

2. Less than 100 QSL cards with the
balance of confirmations te be as
Follows, The Journal will accept
Written transcripts from any valid
RITY Contest Log when properly
authenticated by the Contest Commit-
tes of the Society or Group running
the contest, provided of course that
both parties concerned submitted logs
for the Contest concerned. Only con-
tests held after January 1, 1872 wil)
apply and it would be advisable ta
make such requests as soon as pos-
sible after the particular contest
results are published, as we doubt

than 2 year.
QUARTER CENTURY AMARD

The Quarter Century Award (QCA) is
issued by the British Amateur Radio
Teleprinter Group on the submission
of satisfactory proof of Two-Way RTTY
coomunication with 25 different coun-
tries.

Heasuring 16" by 13" and printed

Red and Green, the Certificate
makes an attractive addition to any
Anateur Radio Station. Endarsement
stickers are available for each
additional 25 countries,

Application for the Award may be
made by the follewing methods:

1. Submissien of QSL Cards for the
countries being claimed. These cards
are returned to the owner after
checking., Alternatively, submission
of Photostat copies or clear photo-
graphs of the cards. Such copies
should clearly show the call sign of
the Amateur making the claim and alse
establish the fact that the contact
was made using RITY as the mode of
communication, This type of claim
must be witnessed and sigred as accu-
rate by THD other licensed Amateurs,

2. Claims may also be accepted
based on a Contest Log submitted for
any Contest sponsored by the British
Amateur Radio Teleprinter Group. The
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claim for the QCA Certificats should
be made at the same time as the con-
test log is submitted,

ADDITIONAL NOTE: Holders of exist-
ing Q€A Awards will autematically
have any new additional countries
added to their records when they sub—
mit Logs for any BARTG RITY Contest.

WAS ANARD

WAS means "Worked All States". An
amateur, anywhere in the world, whe
succeeds in getting confirmed con-
tacts with all fifty U.5, States and
sends them in for examination, nay
receive this Award from The American
Radic Relay League, 225 Main Street,
Newington, Conn, 06111, There is a
nominal service charge to those ama-
teurs located within the League's
operating territory (U.5., posses-
sions, Puerts Rito, and Canada) whe
are not ARRL members. Fer others,
there is X0 charge, except postage
which 1s expected to accampany the
cards.

You may make the contracts over any
peried of time and on any or all ama-
teur bands. You nay have your WAS
Award issued for some special way in
which you made it, in this case, ALL
RTTY, only provided that all cards
submitted plainly show that the con-
tacts tock place "2 x RTTYM,

Before you send your cards, drop
the ARRL a line requesting a copy of
the rules and an application blank.

ALL STATE RTTY AWARD

The Flerida RTTY Society issues an
"ALL STATES AWARD" which is awarded
to any RITY operator for twe way RTTY
centact with all 50 States.

0SL cards confirming contacts must
be sent to the Secretary by regis-
tered  pail and sufficient postage
must be included to return the cards
by the same class of mail. There is
no other fee involved. The ASA cer-
tificate is one you will be proud to

own, and if you can qualify you are
urged to submit to the Florida RTTY
Society, Inc., 3039 Mango Tree Drive,
Edgewater, Florida 32032,

NORLO RTTY CHAMPIONSHIP

This Award which is sponsored by
the Italian Magazine "CQ Electronica®
is organized in order to
greater interest for the RTTY'er tak-
ing part in the various Contests dur-
ing the period of one year.

At the present time; the Contests
which provide scoring peints towards
this Award are as follows:

BARTG SPRING CONTESY

DARC WAE CONTEST

SARTG RTTY CONTEST

CARTG WORLD-WIDE RTTY SWEEPSTAKES

A. VOLTA RTTY DX CONTEST

GIANT FLASH RTTY CONTEST

The task of administering the CHAM-
PIONSHIP is shared between several
of the RITY Groups, :

In order to arrive at the final
score and to decide the winner, the
following point system is used for
aach Contest: 30 points to the win-
ner, 2% points for 2nd place, 22
points for 3rd place, 20 points for
4th place, 18 points for Sth place,
17 points for 6th place, 16 points
for 7th place, and with one point
less Ffor each place to 22 for which
1 point is awarded and all other
entrants will also be credited with
one point,

For the final score each year, only
the best & scores {out of a possible
6) of each operator will be used.

In order to take part in this Award
it is not necessary for entrants te
send in a claim as the entries of all
competitors im all six Contests will
be automatically included.

WAC-RATTY

*his GCertificate was originally
conceived by the RTTY Society of
Southern California and issued by the
RTTY Magazine, predecessor to the
RTTY Journal. It is presently Lssued
by the DX Editor of the RTTY Journal
and all requests should be sent ta:
P.0.Box RY, Cardiff by the Sea, CA
92007,

promote

In physical appearance it is very
similar to the reqular/WAC Certifi-
cate as issued by the [ARU, both as
to size and format. The requirements
are that you submit proof of two-way
RTTY contact with the six Contiments-
-North America, South America,Europe,
Africa, Cceania, and Asia. There is
ne charge for the certificate and it
is forwarded via lst class nail.
Pestage to cover mailing and return
of your cards is very much appreci-
ated. ,

To make it somewhat easier for Ama-
teurs in remote areas to receive the
Award and to minimize loss of cards
in the mails, we have at the present
time a working arrangement with the
Contest and Awards Managers of BART
and SARTG For verification of WAG-
RTTY. If you enter one of the znnual
Contests sponsored by the above
groups, you may, at the same time you
submit your log for the Contest, put
In a claim for WAC if this had been
accomplished in the course of the
Contest. If the other stations sub-
ritted logs and claims is verified
by the Contest Committee, I will be
notified in writing and the Certifi-
cate will be issued, This service is
not retroactive and must be done at
the time the Contest log is submit-
ted.

RTTY FILTERS FOR AMATEUR TU's

FILTERS FOR AMATEUR Tu's
Grant E. Storey, WGNTK

For some time, many amateurs have
ashed for sources of good filters or
saurces of toroids, Ffor some, Jack
Pitts, WBQK took care of requesting
for such items. But with his G57ing
to YV& land, we are fortunate in hav-
ing Brant Storey WENTK take over with
sone excellent filters and ‘tuned
toroids. Shown below are the various
filters he offers. For those who do
not have a good Audic Oscillator and
a vacuum tube voltmeter, here is a
good plate to get those filters.
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FILTERS FOR AMATEUR TU'S
Grant E, Storey, WeNTK

For some time, many amateurs have
asked for sources of good fllters or
sources of toroids, For some ,ack Pitts,
WBIK took care ¢f requests for such
{tems, But with his Q8Yine to YVS

1-&b
pad

land, we ar4 fortunate in having Grant
Storey WENTK take over with some
excellent filters and tuned torolds, Shown
below are the various filters he offers.
For those who do not have a gaod
Audlo Osgillator and a vacuum fube
voltmeter, here la a good place to get
those flters, EDED,
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RITY MICROCOMPUTIRG

Clayten W. Abrams, KBAEP

a Ham radie
application is o box which allows the
reception, transmissiom and logging
of amateur radie contacts. They are
very general purpose in their design,
and by the wse of a program can be
customized fo perform a specific
task. In some cases they can replace
certain pieces of equipment around
the shack. In other cases they supp-
lement older equipment,

Let's look at how a well equipped
station might apply a general purpose
micro-computer system. The following
Ls a block diagram of a station.
SYsTEm N A
P.?;"TEK’ - .' ;FRM-!

4 micro-computer 1in

Y
}
Mrego -
CeMPMTER i
PROCESSOR

e~ 3
FACE | | FACE "Fnc:

oy

Reesiverf o
LI -

Let's

SToLALE

SSTV

examine how cne might use
such a system. The terminal in all
cases 1s used to communicate to and
from the amateur equipment to the
micro-computer. By typing the approp-
riate command into the terninal, the
CH, RTTY, or SSTV program is loaded
from sterags into the micro-cemputer.
The terninal is now the means by
can communicate with the
receiver and transmitter. The compu-
ter is now under control of the pro-

which you

granm,
The terninal, in most cases, is a
self contazined ASCIT video unit or

just a simple ASCII keyboard plugged
inte a2 video electronics display.

The printer is wsually the mest ex-
pensive pertion of the system and is

used teo print hard coples of amateur
radio contacts uve listings of compu-
ter programs. A non Ham friend of
mine recently purchased a Medel 15
printer te list his computer pro-
grams. An equivalent modem vintage
printer can cost mare than $500.

The interface boxes shown in the
above diagram are just audic demadu-
lators on the receive end., On trans-
mission, the RTTY and SSTV interfaces
are audio tones and the CW is a relay
closure plugged into the key jack of
the transmitter.

I've just destribed how
computer might be used in an Amateur
Radio application. As you can see,
they don't necessarily replace eguip-
ment but supplement it. I found that
my station was becoming a clutter of
boxes for various types of amateur
radie communications techniques.

Hicro-computers allow you to com-
bine functions in & single hox and
change the boxes function quickly by
loading from storage a new program
thereby changing the boxes functien.
For example, I can switch from RTTY
te SS8TV ip a manner of seconds by
loading a new program off my disk
drive and throwing one switch.

a micro-

o

Obtaining a home computer 1s like
buying any expensive heme applianca,
The best way to learn about thea is
to read articles, books, and talk
with others. Computer Clubs are
active throughout the world, attend
some meetings and ask questions.Don't
forget home computing cam be quite
expensive. Research the subject well,
and don't jump too fast, ycu may be
sorry later.

Let's explore, in a general nanner,
the types of home computers currently
available, They primarily fall inte
three groups:

1. Single Board Computers with 1i-
mited expansion capability.

2. Packaged Systems with a bus

structure and good expansion capa-
bilities,

3. Home Brew Systems with a bus
structurg and unlimited expansion

capabilities.
A Few samples of each type of sys-
tem are:
1, Single

Board Systems-Pet, TRS-

80, Apple, etc.

2. Packaged Bus Systems-0SI, North
Star, SWTP, Midwest Scientific.

3. Home Brew Systems-5100 or S$550
bus cards purchased from one of hun-
dreds of manufactures.

You may have noted that I stressed
the word expansion in all my descrip-
tions., Expansion means
add hardware features to your system
to do new and different thimgs like
play music, memery or even allow the
system to speak. You will find that
home computers always
{Murphy's law).

I alse threw out another term
called a bus. & bus is nothing mare
than a number of connecters mounted
on a printed circuit board with all
equivalent pins connected together.
Each pin on the connector has a name
and a defination for the signal
applied to that pin. The most popular
hote computer busses are IEEE 5 100
{100 pins} and the 5550 (S0 Pins}.

Cards can bhe plugged into the bus
to serve various functions. Let's ex-
plore some of the advantages and dis—
advantages of each system as follows:

1. Single Board Computers.
Reasonable initial cost.

Expansien limited and costly.
Software easy to obtain on some sys-
tems,

Hot suitable for all ham radio appli-
cations,

Poor and limited decumentation.

RF & TVI prevalent on some systems.
Can be obsolete easily with tech-
nolagy advances.

2. Packaged Bus Systems {assembled
or kits).

Higher initial cost.

Expandable due to bus structure of
system.

Software available from manufacturer
and other sources.

Suitable for all ham applications.
Good documentatian.

Easy to modify and expand.

Can be wupgraded as technology ad-
vances,

3. Home Brew Bus Systems.

Lowest initial cost.

Can be expanded at low cost.

Wide distribution of software in
clubs.

Best way to qu for ham applications.
Never obsolete, can expand as tech-
nolegy advances,

that you can

grow in size.
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Sometimes difficult to get
tienal.
Once you have selected 2 possible

system, the availability of software

upEra-

sh.uld be investigated since this
topic requires considerable discus-
sion.

A

Clayton Abrams

e

Since most of you are interested
in developing a system for amateor
radio applicatiens, I1'll stress this
subject the most., You may have noted
in most ads for software a number of
buzz words describing various types
for home computers are
used. Most of these ads are for high
level software like Basic, etc. This
type of software is excellent for
most home applications like games and
other househeld chores. However, in
. amateur radio applications, this type
of high level programming is not suf-
ficient. Most amateur radio applica-
gions are logic replacement, which
means you are replacing software for
hardware. Therefore, you require that
the software be as efficient as pos-

of software

sible, This means that high level
languages are not satisfactory Ffor
most has appiications: Hore on the

subject later.

You may ask what is a high level
language? Well, it is similar to £ng-
lish, in that you can write a state-
ment to perform a task directly. This
statement is converted to machine
language that the processor will un-
derstand by the high language inter-
preter. For a single high language
instruction, the interpreter might
issue 20 instructions to the proces-
sor, For example, a typical high lan-
guage statement in Basic is "PRINTV,
The interpreter will this
werd to a form that the machine will
understand and print a message on the
streen,

£ machine language instructien is
an instruction which the particular
type of praocesseor understands. This
is the only type of instruction which
will cause the processor to do some-
thing. Each precessor type has its

convert

own machine language and code, for one
processar will not run on another ex-
cept in certain cases, 1.e.

8080 code will rumn on a 7-8B0 pre-
cessor,

72-80 code will not run on an 8080
Processor.

65800 code will
processaor etc.

Therefore, you
choice of processor

net run en a ZI-80
can see that your
should not be
nade only on the cost and hardware
availability., If you don't want to
write your own software, investigate
what 1is available for the processor
you are considering.

I discussed earlier that high level
languages are not suitable for ama-
teur radio application. This is due
to speed. Most amateur radio applica-
tions reguire 2 completely devoted
processor, High level languages add
an enormous amount of time to convert
the English type instructien to ma-
chine language.RTTY and CW are some-
what telerant to slow software due
to their slow rates, however, with
SSTV applications, every microsecond
of time is important.

Well, you might ask hew do I gener-
ate microprocessor code  for  ham

radie? This is accomplished by twe
machine language programs called:
TEXT EDITORS and ASSEMBLER. The fol-

lowing is 2 brief description of each
of these items.

1. Text Editers are used to enter
assemble language code inte the mem-
ory of the processor. Text Editors
are an excellent means of entering
any form of text. They allow you to
edit or change the text or find a
pertion of the text which you wish
to change. Text Editars can also be
used te create an amateur log baok
which can be stored away and recalled
at any time from storage in the
MmiCroprocessor.

2. Assemblers take the text file
and convert the file
guage. The machine language can be
stored and recalled at any time,

Assenbly language is a pseudo Eng-
lish like statement, which allows you
to weite machine lanquage statements
easily. In Assembly language, you do
nat have to remenmber as much as re-
quired in machine language program-
ning.

to machine lan-

Assembly language is not difficult
to learn. You will find many books
and courses offered at your local
college and night scheols. T would
like to encourage you to try machine
language pregramming. You can get a
lot of satisfaction wusing your owp
program over the air.

With the FCC giving permission for
ASCIT to be transmitted over the air,
I'm sure more processors will be used
for amateur radio contests. The gen-
eration of ASCII RTTY programs will
be very easy for any processor,

I understand from VK3UW that he and
¥K4XY¥ have been exchanging software
programs on 20 meters with good suc-
cess at 110 Bawd ASCII. Their soft-
uare of 2 text editor and
a serial port on their processor.
They were successFul in exchanging
the source code of a computer program
The program was assembled and ran
successfully without error.

consisted

HERRX

['11l discuss inter-
facing the microcomputer to your RTTY
hardware. The interfacing can be very
easy or difficult depending on the
system teo which you wish to attach.
The Ham Radio
tained

hardware can be con-
on 2 special card which can
be plugged into the bus, or in many
cases, the interface is part of the
basic system which you have., The in-
terface 1s uwsually a pert of
type. This port can be serial or par-
allel. The parallel ports are the
most flexible and can be interfaced
quite easily. Most serial ports are
designed for ASCII use and have too
many data bits for Baudet code recep-
tion and transmission. So I will not
talk nmuch about these devices. Let
us explore how parallel ports can be
best utilized.

You may ask, "Mhat is a port?" Well
a2 port is nothing moere than a path
from the microcomputer to the outside
world, Typically, a port has 8 data
bits or more on a single integrated
circuit. Each bit can be visualized
as 2 single wire which can be turned
on or off under program control.
Sound easy? Well it is! If you want

SOME
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te turn on eone of these port bits,
all that has to be done is to progran
the bit as a gne or a zero. Likewise,
if you want to read the status of the
bit te see if a signal is present,
all that has to be done by the com-
puter is to read the port. You can
now test if the bit is on or off by
a special instruction, By the way,
2 "ene" in computer jargon is a posi-
tive veltage [approximately 5 wvolts)
and a “zero" is ground. Well this all
sounds quite simple, so let's confuse
the issue by bringing up another fac-
tor called time. Time is another di-
mension which you can handle by two
methods.

You can attach seme external hard-
ware to the port to centrol the tim-
ing or you can let software handle
the timing. This is entirely uwp to
the person designing the system. If
your specialty is net programming,
hardware can do ‘the trick, If
you enjoy programming, you may wish
to use this method. As you know, in
erder to transmit RTTY at 50 WPM, a
data rate of 22 msec and a stop bit

chen

time of 31 msec duration nust be used.

These timings can be generated in one
of twe ways:

1. HARDWARE METHOD

The hardware technique is to attach
a universal asynchronous receiver/
transmitter (UART) te a micro paral-
lel port. This device is typically
an integrated circuit with &0 pins.
An excellent device for this applica-
tign is a 1602 UART whigh is avail-
able from a nupber of sources for
around $5.00. This device can receive
ar transmit data with 5 te B bits,
at whatever data rate applied to the
chip. This data rate is controlled
by an oscillator on the interface
tircuitry. To change speeds, the fre-
quency of this oscillator nust be
changed. The output of this device
is a positive or zero level TTL
level. Therefore, to use this for
RITY, a modulator and demodulator
{1.U.) must be connected to the UART.

2. SOFTWARE METHCD

The software methods are a little
abstract, however, they accom-
plish the same effect. However, they
have two big advantages:

more

A. The software technique uses less
hardware and the only cost is the ex-
pense of software development.

B. Any data pattern [ASCII or BAU-
DOT) and speed can be generated with
slight pregram changes.

The software timing technique is
simple to explain. All you have to
do is turn on a bit port. Place a de-
lay in the program by counting down
a counter until it is zere. You c¢an
thes turn the bit on the port off,
The duration of the delay will be the
period of the signal, %o change the
Frequency of the signal, all you have
to do is change the initial wvalue
loaded in the counter.

So far 1 have only discussed the
transmission of RTTY, reception is
the exact opposite. All you have to
do is reverse the process. To do this
you first look to see if a signal is
present, If it is, you delay a data
bit and one half, Then look for an
on condition, if so you hawve received
a data bit. You can then repeat the
entire process until an entire five
bits or a Baudot character has been
received.

In all of my RITY microcomputer
applications, I have used the soft-
ware technique for transmission and
reception. I have written about 10
different software packages for the
6800 and 65802 microcomputers, Just
last week {11-30-80), I received my
new TRS color computer which uses a
§809 microprocessor, 1 believe this
is an excellent low cost ($399) com-
puter for Amateur Radio applicatiens.
Interfacing is very sinple due to the
built in RS232 pert. I was very
pleased to find the color compuier,
unlike other Radic Shack producks,
very clean with no TVI or RF inter-
ference, Even with the computer a few
inches away from oy TV set. It will
be a let of fun developing RTTY and
55TV software packages for this ma-
¢chine, Imagine leoking at RTTY in
full color on your TV.

Paul Johnson KEPJ/B

Having been a computer programmer
for sixteen years and an avid RTTY
operator for five years, I was asked
by the RTTY JOURKAL te do a users re-
part on the new Super RTTY System by
0.C. Systems. After using this systenm
for a month, tearing it apart and
putting it back together,T can highly
reconnend it as an economical, solid
RTTY operating systenm,

The Super RTTY program is a full
disk I/0 system designed specifically
to operate on Heathkit H-89 and H2
micro processors. Both ASCII and Bau-
dot codes are supported aleng with
automatic CW ID if selected.

The system is supplied on two disks,
ane containing the object code and
system documentation, and the other
containing the source codes. Access
to the source is one of the outstand-
ing features of this system over
other commercially available systems.

A very unique feature of this pro-
gran is the use of a Default file on
the operating disk for setting at
your desired operating perameters,
including setting the data for any
of the three line buffers. These
perameters may also be changed at any
time you are in the Recelve Command
node.

The program creates one disk file
that can be used as the station RTTY
log for a menth at a time. This file
tontains all the information about
System Start up/Shutdown, transmitter
onfoff tipme and station operator,
aleng with any notes the operator
wishes to include.

If the operator desires, all re-
ceived data can be saved on another
disk file.

There are provisions in the progran
for transmitting any file on the
operating disk. T

There are provisioms in the program
for line printer or alternate termi-
nal on line hard copy of hoth Re-

ceived and Transaitted data.
Super RTTY's Screen display is al-

so unique. The display 1is three
leveled, with an adjustable split
line separating Received data and

Comaand/Type ahead data. The outgoing
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data is displayed in Reverse VYideo
Marquee fashion on the 25th line.
This line is cleared while in the Re-
ceive/Conmand mode.

Received data is displayed on the
line above the split line and scrolls
up and off the screen. Commands and
type ahead transmit data are dis-
played on the 24th line and scroll
up to the split line,

The split line displays present
real time in hours and minutes.

Commands used with the system are
straight forward shorthand notations
of the function to be performed.

As there are many differeat com-
nands for the prearam, a prompt card
made from the last two pages of docu-
mentation are extremely useful until
th- aperator gekbs used to the systen,

Ihe more one uUses this system an
the alr, the more you like its many
and varied features.

Two things this operator disliked
were the need to close the type ahead
buffer prior to entering the transmit
node and the extreme slowness of the
CW 1D,

The program is very well written,
in a sophisticated modular concept.

To fledgling progranmers, the best
part of this system are the price and
inclusion of the Source listing. If
you don't like a feature of this sys-
tem, you can change it.

I have just finished a "goptest™
addition to this operating
which will give universal c¢ontest
line selection, automatic contest
message generation {with message num-
ber up-date} and automatic Band/Call
sign duplicate checking wpon entry
of a call sign. Pravisions were in-
cluded for logging of Received and
Transmitted contest inforpatien and
the split line was expanded to in-
clude date, RST te be sent, current
message number, and the callsign of
the station being worked, all in re-
verse video for highlighting.

For economical price, this is a
RTTY operating system no Heath user

system

can afford to not have in his library

PR

PREVENTING RFI TO AND FROM A
MICROPROCESSOR

Paul Jehnson, K@P)

Transmitters, receivers, and micro-
processors often do not mix well, due
to RFI. The enclosure is a major fac-
tor effecting the RFI level, both to
and from a microprocesser.

A mnetal enclosure is the best solu-
tion, but due to the size and shape
of some nmicroprocessors, the cost is
prohibitive. For example, the Heath-
kit HB89 which includes a builk-in CRY,
is guite large.

The next best solution is applica-
tion of a conductive coating to the
inside of your plastic enclosure.
There have recently been developed
several different canductive coating
paints, wsing a wvariety of metals,
from gold, to nictkle as the conduc-
tive pigment. A nickle pigment pidint
is the most economical paint and
works quite nicely,

The product I have found is called
XECOTE (trademark} and was developed

by the Metex Electronics Shielding
Group. Jue to the nature of this
paint, great care must be taken in

handling it, and good quality spray
Paint equipment must he uysed Fue iig!
application. This paint is quick
drying and will air cure in approxi-
nately 24 hours. One gallon will
cover 270 sguare Ffeet of surface with
a coating of .002 to .003 inch thick-
ness.

This thickness will give approxi-
mately 60 DB of shielding, with a one
chm per square resistance. It has
been applied successfully to a va-
riety of plastics without the use of
a primer, {herylics, plexiglas, lu-
cite, polycorfornate, etc.).

Using one pint {cost approximately
$35.00}, 1 sprayed a Heathkit H89,
H19, and HB. No RFI prablemz frem or
to the above equipment has been de-
tected since the coating was applied.

Possible sources of this product
are: Metex Corperation, 970 New Dur-
hanm Road, Edison NJ 08B1%, Tel; 201-
287-0800. Or: Cal-Metex, 20437 5.
Western Ave., Torrence, CA 90501,
Tel: 212-320-8910. XECOTE is a regis—
tered trademark of the Metex Gorp.

n
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NATS' GLOSSARY OF RTTY
AFSK-Semething which is illegal an
BF bands but Okay to de.

Air Core- now known as Air Force.
AMP-bug with six legs.
Arrestor-0fficer of the law.

Autostart-rotatien of the ignition
key.
Banazna plug-used on leaky bananas.

Buffer-substitute for asprin.
Buss- used for transporting amps.

Capacitor-one who can hold their
liquar.

Centimeter-long critter with many
legs.

Chad-see Chadless

Chadless-see Chad

Choke-What your spouse dogs to you
when seeing your new rig.
Decivel-used to warn ships,
Getector-someone who works for the
FBI.

Discriminator-a member of the KKK.
Discriminator-one who insists upon
washing white clothes by themselves.
Diode-something we all hope to do.
Dummy load-a guy who carries his mot-
her—in-law around, .
Exciter- Rachel Welch

Farad-Egyptian ruler.

Feed thru-a slot in a jail cell.
Firal output-taking the garhage out
for the last time.

Flat topped-it's hard to get excited
about this .

Flux-a four letter word.
Flyback-return on an airplane.

Front end-{good example) Doily Parton
Gamma match-a new game show.
Ground-leop race car track.
Ground fault-area known for
quakes,

Henry-Jane Fondas' dad.
Hertz-when someons steps on your toes
Kayboard-a bored key,

earth-

NOOEL 28 SPEET CONVERSION- When con-
verting a model 2B 3 speed gearshift
from 60-67-100 to 60-75-100 ¥PR, it
is necessary to change gears #195263,
22 teeth and 195264 49 teeth to #145-
369 24 teeth and F145374 47 teeth.
WSCPD.

TYPEBOX CLEAMER- A qood ole *ooth-
brusk and seapy water removes ink
buildip froe hard te get to places
on 28 series printer typeboxes, Be
sure to ail properly te prevent cust
buildup on hagmers and springs.




SPEEDS (Baudot Code} If speed in bauds {one pulse/second

is one baud) is equal and shafts turn

hetual Operations  3elect Stop Shaft at same rpm, codes are compatibie.

Spead Name WPH Bauds Por Min. Pulse-#S Pulse-MS Speed-RPHM There are seven units of code for
Baudot code. The units are:

Ly 61.35  45.45 368.1 22. i1. G20, S ( )
75 76.67 56,68 460, 17.57 25, 525.7 ;sz ;thtar}: Fspac:_ code (mark
100 100,00 24,20 500, 13.47 19.47 685, nd- - Information Code (mark or
West ) space)
esLern h St ( k}
Union §5.00  45.45 390. 22. 22. 420, 7th - Stop (nar
T 6l 5000 " PP LI P P AL A
nationa . .0 400, Z0. 30. 461.5 WAK HELPS
60 50 368.1 OPH TAPESPLICE-I find that any givan sur-
ti Per Mi = s s Face such as the glued part of an en-
Operations Per Hinute Seconds per character 163 60 Speed valepe or broun craftpaper cut to 114
. 16" and run through the perf with an
Words Per Hinute = OPM/6 = 368.1/6 = 61.35 WPH at 60 Speed all "ltps™ combination, makes an &x-
callent splice tape for torn sprocket
Bauds 1 1 45.48 Baud hole tapes....K9WRL, :

= Speed of one information bit  ,022 WS 60 Speed

Std bit interval = 22 ¥S [.072 sec)

PAPER HANDLING~Heavy wmodel 19 & 20
— saries printers can be greatly aided
in movement by a se of delly casters
. found at your local harduare stores.
A blessing an carpeted surfaces, W76PP

Character interval = Seconds per charactar/.022 .163 = 7.41
022

R e L

* page 21 coluan 2. (MQTE: an inverting circuit should be placed between the keyboard and the circuit in figure 1.
to give normal space high mark low operation,) SOME SOURCES FOR SUPPLIES
**page 37A- schematic for this article is below. The following (non-alphabetical) list are sources
for RITY supplies. For prices etc. send SASE to
source for a reply.

thu‘;‘ + Atlantic Surplus Sales, 3730 Nautilus, Brooklyn,
NY 11224, Printers, TD's, parts and other TTY itens,

HAL Communications, Box 365RJ, Urbana, IL 5i801.
PC boards, kits, video printouts and keyboards,
complete systems and the new RITY/CW Portable read-
er.

Info-Tech ¢fo Digital Electronic Systems, Inc.,
1633 Wisteria Court, Englewood, FL 33533. Communi-
cations terminals, expansion boards.

R.L. Orake Co,, 540 Richard $t., Miamisburg, OH
45342, Microprocessor—controlled Terminals.

irl, 700 Tayler Rd., Columbus, OH 43230. Terminal
units.

Dialta Amateur Radio Supply, 212-48th $t., Rapid
City, SD 57701.

Dovetron, 627 Fremont Ave.,, $. Pasadena, CA 91030.
Complete transmit-receive modems, TSR's etc.

Daytapro Electronics, 3029 N. Wilshire Ln, Arling-
ton, IL 60004. RTTY Kits and PC boards.,

Universal Electronics, 1280 Aida Dr, Reynoldsburg,
OH 43068. Worldwide RTTY Frequencies.
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RTITY-TERMS
RTTY - Radioc Teletype
Auto Start - Electronic circuit to
turn on machine motor and loop when

message is being recelved. Usually
responds to the mark tone frequency.

Mark - Similar to CW key down or
closed,

Mark Tone - 2125 Hz tone at receiver
audie output.

Space - Similar to CW key up or down,

Space Tone - 2295 Hz (narrow shift)
or 2875 (wide shift) tene at receiver
audio output,

Narrow Shift - 170 Hz shift between
mark and space tone,

Wide Shift -
mark and

850 Hz shift hetween
tone—this shift is
not used on the low frequemcy bands
and is rapidly becoming obsolete--max
shift permitted by FCC is 900 Hz.

space

Bias Distortion - HWark signals not
equal standard time duration. Longerw
narking bias, Shorter = spacing bias.

Range Finder - Part of printer to
adjust for distortion—-the range is
in percent of a code unit--a range
of 10 to 90 is perfect--low end is

spacing blas-~high end is marking
bias-~range is graduated in (-120
points.

Baudot - A code system using five in-
formation bits plus a start and stop
pulse--there are 32 possible differ-
ent combinations of the five bits
(25 = 32).

ASCII - A code system based on eight
information bits.

FSX - Frequency Shift Keying--Shift-
ing the RF carrier frequency for de-
sired shift--F1.

AFSK - Audic Frequency Shift Keying-
-$hifting the audic tecnes into the
transmitter for desired shift--A2.

m - Transmitter-Distributer--To
transmit punched tape.

Aeperforater - To punch tape, may be
printing or non-printing and chadless
or felly perforated—sample is chad-
less as chads are attached to tape.

KSR - Keyboard-Send-Receive (no tape
equipment).

RITY-TERMS

ASR - Automatic-Send—Receive
reperforator and TOJ.

fwith

R0 - Receive Only (page printer only-
-no keyboard).

Leop - The electrical circuit From
the TU power supply through the ma-
¢hine--a closed loop 1is a mark, an
open leop is a space 120 volt OC—-
usually 60 KA for parallel selector
magnets,

Ruaning Open - [oop in open or space
condition—-machine runs eratic since
stop signal is not present.

Nark Hold - Electrical feature of TU
to provide stop signal to prevent ma-
chine from running open on prolonged
space tone.

TU - #An electronic circuit or "gon-
verter" to pulse the loop for mark
or space signals—-alse usually pre-
vides a FSK signal of low voltage (+
or -15 ¥OC) te FSK the YFO or signal
the AF3K oscillator for transmitting
RTTY.

Stunt Box - A mechanical device to
provide machine functions and decode
sequential call up codes--will con-
trel printing, CR, LF, bell, spacing,
non—overline, WRU, and will operate
electrical switches. Can  provide
memory of command.

WRU - Who Are You? Automatic call-up
and answer back.

CR - Carriage Return
LF - Line Feed
bits—-

Baud - Rate of information

pulses per second.

KOX - Fast break no switch operation
controlled by typing on keyboard--
similar to VOX.

Nord - Five letters plus one space.
Red Jack - Printer
Black Jack - Keyboard

Holding Magnet - Newer style selector
magnet system—-100 ohms each.

Pulling Magnet - Older type selector
maqret system--uses
adjusting nut.

spring and

RACHINES (BAUDDT)
Teletype

Model 12 -
usable.

1920 era obsolete but

Model 14 — Reperforator - similar to
Model 15 but tape punch - look for
longar stop segment - )

Model 15 - A good rugged page printer
capable of up to 75 speed. Somewhat
noisy - has limited functions {no
stunt box) — slow carriage return -

type bars and basket - keyboard some-

what stiff and keys widely spaced -

a good starter machine - price range

$45 to $75.

Model 19 - A Model 15 page printer
with perforator and Model 14 trans-
mitter-distributer (7D} mounted on
a steel table with wiring enclosed

behind the table. $50 to $100 price

range.

Model 26 - Page printer fixed at 60
speed. Uses type wheel - net a
gopular machine but a try at design
inprovement over the Madel 15,

Nodel 28 - The best Baudot
machine by Teletype. Beimg phased
cut by many for Model 35 which is
the ASII version. Will rum at 60,

75, or 100 speed - uses type bax with

changeable type pallets - carriage

return within one cheracter - stunt
box fer coding functions and can re-
spond to sequence of characters for
statian call-up - light keyboard
touch and good spacing for fast typ-
ing. The best Baudot machine for hanms

RO - $100 to $150, XSR - $175 to

$250, ASR - $250 to $400.

Model 32 - & light duty machine with
modern styling. Many adjustments
are made by bending - cannot punch
tape while receiving - made for low

cost - replaced by ASCII Medel 33.

Western Union - Kleinschmidt-Mite

Difficult to get parts, etc. - but

0.%. if price is right.



	RTTY Handbook 1982 LR
	RTTY Handbook 1982.pdf
	RTTY Handbook Cvr
	73_Nov-76_Teletype_model15
	RTTY Handbook 1982.pdf


	RTTY_the_easy_way



