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NOW, DISKS TOO!

(And they're Disk-tinctly Digital Group.)

With the addition of our all-new Disk Subsystem, the Digital Group
becomes the only manufacturer of microprocessors to offer you a
real choice. Tape or disk. Or both. Whatever you want.

We spent a lot of time designing and testing our new Disk
Subsystem, and it shows in the result. The Subsystem is highly
flexible. . . gives you direct access to data. . . and completes your
Digital Group System.

Here's what the Disk Subsystem consists of:

Disk Interface Card--provides the electrical interface between the
disk drives and the computer.

Disk Power Supply--provides all power required for up to 2drives.

Disk Cabinet and Cables--cabinets provide housing for 1 to 2
drives plus the power supply; assembled cabling is provided for
connection between all system components.

Disk Drives--the Digital Group Disk Subsystem supports standard
8" floppy disk drives from a number of manufacturers. Drives can be
mixed, and in addition, mini-floppy drives are available for the
function of a disk at minimum cost.

Documentation and Software--the Digital Group’'s standard
documentation includes construction guides, maintenance manual,
theory of operation and other useful information to help you get the
fullest value from your new Disk Subsystem. And there's also
software to provide initial support.

The price? Low. It's become a tradition with the Digital Group to
offer you high-quality, state-of-the-art equipment at the lowest
possible prices. Our new Disk Subsystem is no exception.

Foronly $745, you can get astandard 8" floppy drive and an interface
card. A complete single-drive Disk Subsystem with interface, power
supply, cabinet, and cables is as low as $995.

42 : CIRCLE NO. 16 ON FREE INFORMATION CARD

Now the Digital Group system is really complete. [f you don‘t own it
all yet, take another longing look. In addition to our CPU, keyboard
and video monitor, you can add an impact printer and the cassette
storage system. All in our beautifully coordinated custom cabinets.
All unmistakably Digital Group.

The Digital Group now has disks. And a lot more. Why not find out
about all of our exciting products? Simply call or write today for
direct information. From the Digital Group.

(thedigitalgroup )

box 6528 denver, colorado 80206 (303) 777-7133
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How RTTY equipment

works and how to

get sl,;arted using it.
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AVE vyou ever wondered about

those strange “deedle-deedle” sig-
nals on the shortwave bands? They are
actually radioteletype (RTTY) transmis-
sions. You can receive them using your
communication receiver and readily
available teletypewriter equipment. In
this article, we will cover the basics of ra-
dioteletype and detail how to set up an
RTTY listening post at home.

The Teletype Code. All teletypewrit-
ers, whether they communicate by radio
or land-line links, “talk” to each other in
a language called Baudot, or five-level
code. Each character (letter, numeral,
punctuation mark) in the Baudot code is
uniquely defined by a sequence of five
time slots, or elements, each of which
contains a mark or a space. For exam-
ple, the letter A is “mark-mark-space-
space-space.” When the teletypewriter
is operating at 60 wpm (words per min-
ute), each mark or space is exactly 22
milliseconds (ms) long.

A sixth slot is added to the basic five-
level code to act as a “flag” that indi-
cates the end of a character. To make
this stop flag stand out from the others,
its interval is 31 ms instead of 22 ms.
Still another time slot is placed at the be-
ginning of each character to give the
teletypewriter time to prepare itself for a
new character. This is the “start” slot.
The 31-ms stop slot contains a mark,
while the 22-ms start slot contains a
space. A complete character, therefore,
consists of seven slots, six 22-ms inter-
vals and one 31-ms interval for a total of
163 ms (see Fig. 1).

The Equipment. A complete station
for transmitting and receiving radio-
teletype sighals is shown in Fig. 2. The
transmitter and receiver are of conven-
tional “communication” design. The
teletypewriter is a combination key-
board/printer. On transmit, the keyboard
drives a keyer that, in turn, modulates
the transmitter. On receive, signals are
coupled from the communication receiv-
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22 ms 22 ms 22 ms

22 ms 22 ms 22 ms 31 ms
-START i« LETTER A »4—STOP
4 163 ms B

F'ig. 1. Waveform showing the pulse sequences that make up the letter “A”.

er to the demodulator or terminal unit
(TU), which drives the printer.

Now let us examine each component
in the system in detail:

Keyboard. A mechanical teletypewrit-
er keyhoard resembles the keyboard on
a conventional typewriter, but its opera-
tion is quite different. When a key is op-
erated, it selects mechanical levers that
produce mark and space pulses that
correspond to the key's character. Also,
there are no lower-case letters—all are
capitals. To type punctuation marks, the
SHIFT key is pressed first, followed by
operation of a key that corresponds to
the character you wish to type.

The diagram in Fig. 3 illustrates how
one keyboard might work. Each key has
a notched lever, which when pressed
down can touch five “fingers” that will be
either depressed or not, depending
upon the notch positions of the lever.

After the key is pressed and the mark
and space levers have moved accord-
ingly, a wiper arm sweeps across the
mark levers but cannot touch the space
levers. An electrical connection is made
between the wiper arm and mark fin-

The new breed of
teleprinter
equipment: Morse
and RTTY keyboard
(left), demodulator
(right bottom),
video display unit
(right top) and
video monitor (top
center). Cowrtesy
HAL Corporation.
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gers, but no current can flow on the
spaces. The motion of the wiper arm is
controlled by a motor so that it touches
each lever for exactly 22 ms. This re-
sults in the five-element code described
above. Start and stop commands are
generated automatically by the key-
board.

The above process is typical of key-
board operation, but it is not absolute.
There are variations in keyboard design
from one teletypewriter to another. The
latest generation of teletypewriters,
however, uses electronic instead of
electromechanical means for generating
the Baudot code. Digital matrix key-
boards with clock-controlled digital IC's
that generate precisely timed code ele-
ments have recently become common.

Transmitter Keying. Dc pulses pro-
duced by the keyboard drive a keyer
that, in turn, modulates the transmitter.
Most often used is frequency shift key-
ing (FSK), a form of frequency modula-
tion. Transmission of FSK signals allows
the use of FM demodulation techniques
so that there is some discrimination
against noise.

When a transmitter is FSK modulated,
two output frequencies result, one at the
carrier frequency and the other at a
slightly lower frequency. The simplest
way to accomplish the frequency shift is
to add more capacitance to the transmit-
ter’s vfo tank circuit or in parallel with the
oscillating crystal. In practice, the dc
pulses from the keyboard control a relay
or solid-state switch that rapidly con-
nects and disconnects the additional ca-
pacitor. Hence, the transmitted frequen-
cy varies in step with a character's mark
and space code.

Most commercial systems employ a
425-Hz shift. A 170-Hz shift is common
on the hf amateur bands, but FCC regu-
lations allow use of any shift up to 900
Hz. For example, if the carrier frequency
is 15.000000 MHz and the shift is 425

" Hz, the output frequency will alternate

between 15.000000 and 14.999575
MHz. By convention, the space is the
lower and the mark the higher frequen-
cy. In this example, marks appear at
15.000000 MHz and spaces appear at
14.999575 MHz.

Receiving FSK. A bfo (beat frequency
oscillator) is commonly used for CW re-
ception. The bfo generates a signal that
beats against the incoming CW signal to
produce an audible tone. If the frequen-
cy of the bfo’s output is variable, the fre-
quency of the audible tone can be
changed. In RTTY communication, sig-
nals are received as in ordinary CW, but
the bfo is tuned to provide 1275- and
1700-Hz tones, which are 425 Hz apart.

The reason for using 1275- and
1700-Hz tones is that a terminal can de-
modulate only one pair of frequencies at
a time. This pair was chosen by TU

POPULAR ELECTRONICS
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Fig. 2. Block diagram of the equipment in a complete RTTY station.

manufacturers for demodulation of a
425-Hz shift. (However, you can adjust
the bfo or the main tuning knob if the bfo
is fixed to produce any pair of tones your
TU can demodulate.) Other shifts and
tone pairs used in RTTY communication
are listed in Table I.

An RTTY terminal unit looks and acts
like an FM receiver, but it accepts audio
signals. Called an audio TU, its block
diagram is shown in Fig. 4. The limiter
accepts the audio outputs of the receiver
and amplifies and clips them to keep the
signal level fairly constant. Mark and
space filters remove any extraneous sig-
nal content. The two filtered tones are
converted into dc pulses by the audio
discriminator. Any ripple on the dc
pulses is smoothed by the low-pass fil-
ter. The dc pulses are then applied to
the keyer, which uses them to generate
commands for the printer's magnets.

TABLE | —STANDARD SHIFTS
AND TONE PAIRS (Hz)
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AFSK. Another method of keying is
audio-frequency shift keying, or AFSK. It
produces a result similar to FSK but is
derived in a different manner. Two audio
tones, separated by the frequency shift,
modulate an AM or an SBB transmitter.
The low-distortion sine-wave tones are
applied to the transmitter's microphone
input.

If the output from the transmitter is
conventional AM, no bfo is required in
the receiver. The detected envelope is
coupled to the TU from the receiver’s

NOTCHED
LEVER

MARK AND
SPACE LEVERS

WIPER
ARM

(A)

audio output. If, on the other hand, SSB
equipment is used, the receiver must be
carefully tuned for the correct output fre-
quencies and allowances must be made
in the transmitter for a 100% duty cycle.
As in FSK, the two tones commonly
used are 1275 and 1700 Hz.

The Printer. Although printer design
varies from one machine to another, the
following description is representative of
printer operation. A simplified printer is
shown in Fig. 5. The selector magnet is
energized by each mark pulse. This
closes the relay that corresponds to a
moving cam connected to each mark
and space lever. At the proper time, the
cam either pulls down or does not affect
the lever. Each lever is connected to a
bar with many notches, which are
placed at different intervals along the
bar.

In the illustration shown in Fig. 5, the
first, third, and fifth levers are pulled by
the cam. The other levers remain in their
original positions. After a character is
completed (all five pulses received), one
set of notches lines up directly under the
appropriate character's striker. (Strikers
are in a row, as in a regular typewriter.)
When the stop pulse is received, a ham-
mer hits all strikers, but only the one with
the lined-up notches moves and imprints
the paper. After the strike occurs, the
bars and their notches return to their
original positions.

The new teletypewriter printers literal-
ly do not print at all. They are actually
special types of TV receivers that proc-
ess the dc pulses and apply control sig-
nals to form letters on-screen. The ad-
vantages of screen printers are that they
are quiet, clean, and have no moving

Fig. 3. Simplified diagram shows how key depresses levers at (B).
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parts to wear out. Some screen printers
have memories that allow storage and
playback of messages. These “glass
teletypewriters” cannot produce “hard”
copy on paper; for this, you must use a
regular teletypewriter printer.

Some teletypewriters have perfora-
tors that punch holes in 1" (25.4-mm)
wide paper tape. The holes in the tape
correspond to character codes. Tapes
can be made from either an incoming
signal or from a message typed on the
machine’s keyboard. To play back the
message, you feed the tape through a
tape reader called a transmitter-dis-
tributer (TD). The teletypewriter then
prints the message. You can also trans-
mit taped messages over the air.

The most commonly used speed is 60
wpm, but stations also transmit at 66,
75, and 100 wpm. To receive different
speeds, no changes need be made in
the terminal unit, but the printer must be
altered. Printers rely on gears to set the
speed. Changing gears allows the ma-
chine to print at different speeds. TV
teletypewriters usually accommodate
many speeds with just the turn of a
switch.

The number of words per minute tells
you only part of the printer’'s story be-
cause each speed requires different slot
lengths. A slot for 60-wpm copy is not
the same length as one at 100 wpm. So,
another word—"baud’—was invented
to take slot length into account. The
baud is a measure of the rate at which
data is sent and is defined as a rate of
one pulse (of the shortest duration used
in the system) per second. The baud
rate is calculated by finding the recipro-
cal of the shortest slot length. For 60
wpm, the shortest length is 22 ms or
0.022 s; the baud rate is 1/0.022 = 45.5
baud. Other baud rates are detailed in
Table II.

When printer gears are changed, the
baud rate is altered. The printer's mag-
nets sweep the levers in step with the
length of each pulse and, hence, the
baud rate.

Equipment Considerations. Any
good communication receiver can be
used for receiving RTTY. Due to the
small, critical frequency shift, however,
stability is essential. If your receiver's
CW filter bandwidth is 400 Hz, it will

probably be suitable for shifts up to 425 -

Hz. It might not work well with wider
shifts, such as 850 Hz, especially if sig-
nals are weak. Of course, the SSB filter
can be used if the received shift is too
great for the CW filter.

Your choice of TU’s hinges on your
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needs and your budget. (Sources of
teletypewriter gear are listed in Table
lll.) One inexpensive approach is to
build your own TU. A simple two-chip TU
can be built for less than $20. Alterna-
tively, you might decide that a more so-
phisticated demodulator with built-in os-
cilloscope tuning indicator and sharp fil-
tering and a choice of shifts fills your’
needs. Plans for many different TU’s
can be found in published literature.

If you prefer not to build your own TU,
you can buy factory assembled units.
Some features to look for here are a
choice of shifts, reverse/normal switch-
ing, filtering, tuning indicator, baud-rate
selection, adequate loop current for the
printer magnets, and selectivity.

Most RTTY enthusiasts buy “surplus”
printer/keyboard combinations. After
these machines are used commercially,
surplus dealers buy, recondition, and re-
sell them. Old teletypewriters are rugged
and, if properly reconditioned, should
last a long time. Prices range from $50
to $250, depending on model, age, and

condition. New machines are quite ex-
pensive and can cost as much as
$2000.

You might wish to buy a video monitor
instead of a mechanical printer. (Of
course, you can modify an old TV re-
ceiver for use as a monitor.) A video
monitor requires the use of a visual dis-
play unit (VDU), which converts the dc
pulses from a TU into a form suitable for
onscreen display. VDU’s cost $350 to
$600. You can however, build your own
VDU from plans that have been pub-
lished in the literature.

If you are a computer hobbyist, con-
sider using your.existing monitor and
VDU. Be aware, of course, that comput-
ers use ASCII, an eight-level computer
code, rather than the five-level Baudot

code used in RTTY. Baudot signals.

must be converted to ASCIl before
reaching the VDU. Baudot-to-ASCII
converters are commercially available,
or you can make one yourself.

Making Connections. If you buy a
teletypewriter, be sure you get the man-
ual, because it contains the machine's
wiring diagram and color code. Each
machine is wired differently. Bear in
mind that, in spite of the jungle of wires
inside the teletypewriter, only six wires
are necessary for RTTY operation. Two
are for the motor, two for the printer
magnets, and two for the keyboard.
Once you locate the appropriate wires,
the hookup necessary to put the tele-

TERMINAL UNIT

ANTENNA r ~I
MARK I

FILTER |

. |

RECEIVER LIMITER |

|
3 SPACE %

FILTER |

|

I

, |

LOW PASS AUDIO |

FILTER DISCRIMINATOR |

I

I

|

I

I

I

=

PRINTER

Fig. 4. Block diagram of typical audio terminal unit.
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MARK AND SPACE —a/
LEVERS

&

y
J/ STRIKERS

HAMMER

RELAY: .

(A) (B)

Fig. 5. Typical printer action. At (A), before letter is sent, notches are in random order,

At (B), after letter is sent, one set of notches lines up under the correct striker.

typewriter in service is easily accom-
plished.

Local copy (typing on the keyboard
and obtaining a print-out but no trans-
mission) can be accomplished with the
circuit shown in Fig. 6. Many teletype-
writers employ two selector magnets
(check your manual on this) that are
connected either in series or in parallel
with each other. Use an ohmmeter to
check the resistance of the magnet cir-
cuit. Each magnet has approximately
100 ohms of dc resistance; so, an
ohmmeter reading of 200 ohms indi-
cates a series connection, while a 50-

TABLE Ill—SOURCES OF RTTY
EQUIPMENT

Box 19
Boston, MA 02101
3730 Nautilus Ave.
Brooklyn, NY 11224
627 Fremont Ave.

; S Pasadena, CA 91030

Box 1105

Lima, OH 45802

5555 Touby Ave.

Skokie, IL 60076

Box 8873

Fort Lauderdale, FL 33310
L f St =34'¢ 1 [ .

890 Virginia Ave.

Tavares, FL 32778
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ohm reading indicates a parallel hookup.
Because each magnet requires about
30 mA of current, parallel wiring calls for
60 mA in the loop circuit, while series
wiring requires 30 mA in the loop. Adjust
the series resistor for the proper magnet
current.

Turn on the motor by applying 117
volts ac to its winding. With proper mag-
net current flowing and the motor run-
ning, you should be able to type on the
keyboard and obtain a printed hardcopy
message. If you have trouble obtaining
local copy, check your wiring. Garbled or
no printing at all could also be caused by
poor adjustment of the “range selector.”

Sometimes, distortion occurs in RTTY
transmissions. Pulses often become
longer or shorter because of propaga-
tion conditions. To counteract this, ma-
chines are designed to respond to only a
small section in the middle of the pulse
width. The exact location of this “win-
dow” is controlled by the range selector,

a movable arm that has graduations
from 0 to 120.

To test the range selector, type the
letters RY. These letters, when alter-
nately typed, produce a mark pulse in
each of the five slots. Move the range
selector toward 0. As you approach 0,

 the teletypewriter will begin to lose intel-

ligibility and print random characters.
Note the setting at which this occurs.
Then increase the setting until the ma-
chine's printer “locks up,” again noting
the setting. Set the range selector mid-
way between these two points.

The terminal unit should be connected
as shown in Fig. 7. TU's vary in design,
but some share basic characteristics.
For example, they all have a method for
adjusting the shift frequency, which is
usually a variable inductance. And they
all have controls for adjusting printer
current, usually via a potentiometer.
Both controls must be properly adjusted
for correct TU operation.

0.5 200 IN2070 [ 3K
AMP 5w 20W

115 VAC S 125y

— 80 uF “LOOP CIRCUIT"

" 250V
L
SELECTOR

NC KEYBOARD
CONTACTS
MAGNET

Fig. 6. Local copy can be obtained using the loop circuit shown here.
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: SELECTOR
NC KEYBOARD MAGNETS
CONTACTS £
iR el A 4 1
L 20w 1 ! |
o ANAA £ L i
125 VDC “LOOP CIRCUIT”
ANTENNA
RECEIVER B SPEAKER

Fig. 7. How to set up an RTTY receiving station with a terminal unit.

Connect the TU to the receiver's au-
dio output, keeping the speaker online
so that you can hear the incoming sig-
nals. Find an RTTY station and tune itin
carefully, using the TU’s tuning indicator
for accuracy. Because tuning in RTTY
stations is tricky, you may get garbled
copy until you become accustomed to
tuning. Some operators tune until legible
copy appears, while others can tune in
the proper tones by ear. Either method
is fine, but do not expect to be able to
emulate this right away. It takes lots of
practice. ]

If you get garbled copy, it may be due
to one of several causes. The most com-
mon is that the station is transmitting at
a different shift or speed from your set-
tings. Again, experienced operators can
“hear” different speeds and shifts. You
will, too, after a while.

A station might be transmitting in re-
verse shift, with the space high and the
mark low. Switching sidebands on your

receiver or shifting the bfo output to the
other side of zero beat will compensate
for this. Many TU’s have a reverse/nor-
mal switch that accomplishes the same
thing. Military stations often transmit se-
cret cipher messages that look like gib-
berish. If you are not aware of this prac-
tice, you can go crazy trying to copy
them.

Listening. At least 200 stations, ex-
cluding radio amateurs and the military,
transmit RTTY (see Table IV). Most use
shifts of 425 to 850 Hz and speeds of 60
to 100 wpm. By tuning to them, you can
receive news reports, weather fore-
casts, and commercial radiograms, as
well as conversations between radio
amateurs and military traffic. However,
you should read Section 605 of the
Communications Act of 1934 that con-
cerns secrecy of communications.

In brief, the Act prohibits a listener
from divulging to a third party or using

TABLE IV—RTTY STATIONS

Frequency
Call (MHz)

Location

Service

Note: Most ham operators use a 170-Hz shift at 60 wpm near 3.620, 7.040, and

14,090 MHz.
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TABLE V—REFERENCE LIST

Confidential Frequency List
By RobertB.Grove
 Pub. by Gilfer Assoc.
B e
- Park Ridge, NJ 07656

for his own or a third party's benefit the
contents of any interstate or foreign
communication by radio or wire. Note,
however, that this section does not ap-
ply to the contents of any radio com-
munication broadcast or transmission by
radio amateurs or others for use of the
public or relating to ships in distress.

Getting Help. Besides the books list-
ed in Table V, there are other sources of
information and help to which you can
turn. Although relatively few shortwave
listeners use RTTY, many hams trans-
mit and receive radioteletype messages.
Most of them will be glad to show you
the “tricks of the trade” they use to ob-
tain perfect copy. Also, many computer
hobbyists use teletypewriters to get hard
copy or punch tape. <
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Simple module produces op-code

HE LOW-COST “Hex-to-ASCII
Converter” described here allows
you to simultaneously display the con-
tents of every register, stack location,
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display for entire computer.

BY DON LANCASTER

and memory slot in your microcomputer.
The converter fits easily between the
TVT-6 (July 1977) or most any other
TVT and the n.C with which it is working.

o
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In operation, the video monitor used in
the system automatically converts and
displays the hex op codes for the ASCII
character set. This allows your TVT to
act as a super “front panel” that permits
you to check as many memory locations
as there are in your system. This in-
cludes all registers, accumulator,
stacks, RAM and ROM programs, 1/0,
or anything else connected to the sys-
tem. Properly used, the converter is also
an excellent debugging tool.

The complete hex-to-ASCII converter
is built on a single compact printed cir-
cuit board. The circuit itself consists of
three low-cost IC’s and only five other
parts.

About the Circuit. As shown in Fig.
1, the eight input lines from the display
memory that normally drive the TVT
character generator are intercepted and
split into upper- and lower-case charac-

(Continued on page 51)
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slglolofololotololofoljojojojolofojolo0|o|a|a|aig(0|o00(0{0 |8 8, & ing on-screen at the same location. Integrated circuit ICT (Fig. 2) is used  dental short circuits. ;
= e ! Each character is displayed for slightly  as a four-pole, double-throw data selec- Install and solder into place press-fit
© i i 1 L ; 3 ;
> (0|0 0{0|0{0y0jojojo|o 100000 e &|0|0ia 80 0|k (8008 I § less than a second. A brief space com-  tor that drives IC2, the code converter.  terminals at the four test points labelled
~ glslnisloleln S0/BI0BIOIZ a5 mand is sent to the PROM during the  The hex CMOS Schmitt trigger (IC3) +5, GND, SP, and u/L. Then install and
o 1 [ 01oj0ju]o|0 0|0jajoid ' = n: transition from the lower character of serves as a symmetrical oscillator thatis  solder into place the three:capacitors,
(5 2 one set to the upper character of the fol-  used for automatically selecting the up-  two resistors, and the 36-contact con-
0 1 % lowing set. ; - per and lower character and to generate  nector. Sockets are recommended for
= B To identify the memory locations, an  the brief blanking pulse that indicates a  the three IC’s. Once the sockets are in-
= f' = = overlay can be used on the CRT screen  new character display. stalled and soldered into place, install
m £ of the video monitor, or a china marker the IC’s in their respective locations, tak-
= % O] O oo e B 13 M A T T o e | ['* can be used to label the operatingregis- Construction. The converter circuitis  ing care to properly orient them.
g|° = i b ) L o ) R 1 I B o) (B e c; ters and other important slots with which  best assembled on a printed circuit :
‘ o you are working. If the TVT-6 is being  board. The etching and drillingand com- Checkout. To initially check out the
used with the “Cruncher the Bear” mode  ponents placement guides for the pc  converter, connect the TVT-6 to the
: in the August 1977 issue, it is possible to ~ board are shown in Fig. 4. KIM-1 microcomputer and use the
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An overlay that identifies the stack !.
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Fig. 5. Overlay mask for the KIM-1. All internal registers
are displayed simultaneously with the entire stack.

512-character, page 2 and page 3 dis-
play of Table Il in the August 1977
TVT-6 article. Make sure that the system
is operating properly. Then remove the
power and connect the hex-to-ASCII
converter between the TVT-6 and pC.
Power up again, reload the program,
and run the computer. The original
ASCII display should now appear in
hexidecimal op code.

Test point u/L should have a 1.8-
second square wave, while test point sp
should be high for 1.7 seconds and low
for 0.1 second. It is possible to “force

feed” control signals into these test
points. Connecting test point sP to +5
volts displays the characters; grounding
sP blanks the screen. Connecting test
point U/L to +5 volts displays the lower
four bits, while grounding it displays the
upper four bits.

Operation. If you are planning to run
Table .1l from the August 1977 TVT-6
article, the usual display is of pages 02
and 03. This can be converted to a page
00 and 01 display by changing instruc-
tion 17AA to 82 and 17d2 to 80.

and all important machine registers is
shown in Fig. 5. The physical size of the
overlay, of course, depends on the size
of the CRT used in the monitor. A sharp
china marker can alternatively be used
as a low-cost, ‘workable substitute for
the overlay.

To debug a program, simply use the
hex-to-ASCIl converter with the KIM-1
operating system in the single-step
mode. Each time the operating system
returns to the keyboard display mode, all
registers have their values reloaded into
the proper slots shown in Fig. 5.

Hit AD 17 80, switch to ssT oFF, and
press GO to view the accumulator, stack
pointer, program counter, status regis-
ter, and the X and Y index registers si-
multaneously. To return to the keyboard
display mode, simply press ST.

The Hex-to-ASCIl converter can be
used between memory and the charac-
ter generator of many other TVT sys-
tems as long as an 8-bit word is used in
the TVT’s page memory. You can ignore
the “Pass-through” lines on the convert-
er, or you can redefine them in any way
you need. The converter's processing
delay is about 100 ns, which is fast

.enough usually to be ignored. &

Rechargeahle Batteries for Consumer Products

HE USE of batteries to power elec-

trical and electronic devices is on
the rise. As more and more such prod-
ucts are introduced, the consumer is
faced with the problem and cost of con-
stant replacement of batteries.

General Electric has introduced an al-
ternative with two new lines of recharge-
able batteries and cells. A nickel-cadmi-
um line consists of the most common-
size cells and batteries used in such
low- and medium-power items as hand-
held calculators, photoflash camera

52

units, and portable receivers. A sealed
lead-acid (SLA) cell line is designed for
devices that require medium-to-high-
power, such as alarms, emergency light-
ing, and computer memory systems.

The new sealed lead-acid cells are
designed to be completely mainte-
nance-free. They can be used in any po-
sition without posing a problem with
electrolyte spillage. The outer metal
case of the cell is electrically isolated
from the power-carrying plates. Both the
positive and the negative terminals are
at the top of the cell. A special glass fiber
separator used in construction permits
the cell to withstand high temperatures
without suffering damage.

The discharge characteristics and cy-
cle life of the SLA cells duplicate or ex-
ceed those of other lead-acid cells. The
SLA cells are said to have a charge/dis-
charge life of about 300 cycles, which fa-
vorably compares with the life of nickel-
cadmium cells whose life is typically
about 1000 cycles.

The internal resistance of the SLA cell
is 10 milliohms (0.01 ohm). This low val-

ue makes possible high charge/dis-
charge rates with minimum danger of
overheating the cell. A resealable safety
vent in the cell prevents cell bursting un-
der extreme abuse.

The first of the new SLA cells to come
on the market is a cylindrical D cell. It is
designed to deliver 2.5 ampere-hours at
a 250-mA discharge rate. The cell is ca-
pable of delivering up to 40 amperes of
continuous current and 75 amperes of
momentary (1-second) current. The line
of SLA cells will eventually include bat-
teries rated at 6 and 12 volts and 2.5 AH.

The rechargeable nickel-cadmium
battery system consists of AA, C, and D
cells and a 9-volt transistor size battery,
each of which is available separately or
packaged with its appropriate snap-on
module that connects it to the Model
BC3 miniature charger. The rechargea-
ble NiCd cells and batteries are de-
signed for any application where ordi-
nary carbon-zinc batteries are used.
They are directly interchangeable with
other AA, C, and D cells and 9-volt tran-
sistor batteries. <&
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PORTABLE, battery-powered

emergency lamp can be a life-sav-
er on the highway and a great conven-
ience at camp sites. To be truly useful, it
should provide reasonable illumination
without quickly depleting the battery or
confining its light output within too nar-
row a beam. The utility fluorescent lamp
described here satisfies these require-
ments. It uses a conventional 15-watt
fluorescent tube and drive circuitry com-
pact enough to fit in the fixture that
houses the tube. Operating power can
be drawn from any 12-voit source capa-

ble of delivering 2 amperes continuous-
ly. Thus, the lamp can also be used to il-
luminate the inside of a camper.

Circuit Operation. Timer integrated
circuit IC1 in Fig. 1 serves as a pulse
generator whose output frequency is de-
termined by R1, R2, and C3. When the
output of IC1, at pin 3, goes low, current
flows from the base of Q2 through R4
and R5 and then to ground via pin 1 of
the 555 timer. The voltage drop devel-
oped by the load current across R3 is
applied to the base of Q1, turning on this
transistor, while part of the load current
from R4 and R5 flows through transistor
Q1 to ground.

OCTOBER 1977

Utility
Lamp

Operates from 12-volt dc source.

BY JOE DUNCAN
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