With an analog-to-digital converter on your TRS-80 Color Computer,
you have the makings of a low-cost storage oscilloscope

i the many kinds of electronic
test instruments, the oscillo-
scope ts by far the most impor-
tant. Only the oscilloscope provides a
graph-like electronic picture showing
how a voltage (the signal) varies with
time. You might say the oscilloscope
combines the functions of a voltmeter
and frequency counter into a single but
more powerful instrument. Borrowing
from the old adage, you might also say a
single oscilloscope trace is worth a thou-
sand data points.
In the simplest oscilloscopes, a thin

By Forrest M. Mims, IIf

beam of clectrons is repeatedly swept
across the phosphor screen of a cathode
ray tube (CR'T) much like thosc in tele-
vision scts. The beam can be deflected
vertically by a signal applied to a sensi-
tive amplificr whose ouput is connected
to electrodes within, or an electromag-
netic coil outside, the CRT This pro-
vides a brightly tlluminated graph that
neatly displays the time-dependent vari-
ations in the amplitude of a signal. Sim-
ply by speeding up the time required for
the beam to sweep across 1S sereen, an
oscilloscope can provide a look at sig-

Fig. 2. Three circuits whose outputs can be monitored.

nals whose amphitude fluctuates many
millions or even billions of times i a
single second.

Often anoscilloscope user would like
to be able to ““fregze™ the trace on an 08
ctltoscope .\'crcch;{ for more detailed
study. This is especially true when the
sweep speed is very slow or when a sig-
nal with a very brief duration (such as
that produced by a switching logic gate)
ts being monitored.

One way to preserve a trace is (o pho-
other is to use a sophisticated instru-
ment  called a  storage  oscilloscope.
Unfortunately, storage oscilloscopes
are quite costly.

A little more than a year ago, a small
company called Northwest Instrument
Systems (PO Box 1309, Beaverton, OR
97075) revolutionized oxcilimcopc
technology when it introduced a sophis-
ticated caomputer peripheral that
brought the capabilities of a storage 0
cilloscope to anyone with an Apple Il
computer and $995. Dubbed the Model
85 aScope™, the deviee is a module con-
taining a fast analog-to-digital convert-
cr. When plugged into an Apple 11, the
aScope provides the capabilities of 2 lab-
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The aScope is supplied with appropri-
ate software (on disk) to place labels and
a graticule on the screen of the comput-
cr’s monttor. The software also permits
traces to be saved on disk and printed on
paper.

The aScope 1s merely the first of an
cxpected flood of peripherals that will
allow personal computers to function as
many kinds of sophisticated, program-
mabie ftest instruments. Concerned
about this new development, traditional
makers of oscilloscopes and other test
instruments have already begun to de-
velop new systems designed around per-
sonal computers.

If you own or have access to a person-
al computer cquipped with an analog-
to-digital converter, you can develop
vour own lest mstruments. You can
even convert your system into a slow-
scan, storage oscilloscope. In the re-
mainder of this article we will explain
liow.

I you own a personal computer with
an analog-to-digital converter, you have
the essential ingredients for a slow-scan
ascilloscope. And if you have access to
an x-y plotter, you can translorm traces
displayed on the computer’s display
mto publication-quality images.

Best ol all, you can assemble a com-
puter-simulated oscilloscope from sur-
prisingly economical components.
While many different computers can be
used, I have had excellent results with
Radio Shack’s Color Computer. Using a
system equipped with Extended Color
BASIC, T developed software to trans-
form the computer’s display into a very
useful large-screen, slow-scan oscillo-
scope with both single-sweep (storage
mode) and continuous-sweep operation.
The software includes an optional grati-
cule complete with tick marks, and the
ability to store traces on a floppy disk
tor later retrieval and display. A second
software package directs an oplional
plotter to draw a high-resolution rendi-
tion of a trace stored on a disk.

Getting Started. I you've ever tried to
usce i standard oscilloscope Lo observe a
stowly changing signal, you can readily
appreciate the advantage of a slorage
scope that freezes the display for later
viewing and interpretation. The only
other way to preserve the trace is to
photograph the display.

A simple block diagram showing how
a personal computer can be configured
as a slow-scan storage oscilloscope 1s
shown in Fig.l. While any of a number
of computers can be used, excellent re-
sults can be attained with a 32K Color
Computer with Extended Cglor
BASIC.

The original machine has been re-

placed by the 16K Extended Color
Computer 2 and the 64K Extended Col-
or Computer. Like the original product,
these new machines are equipped with

two analog joystick ports for a total of

four A/D converter inputs. The soft-
ware given here, although developed for
the original Color Computer, should
run on both new machines.

Operation of the Color Computer
joystick ports is described in detail in
“The Electronic’s Scientist” column
elsewhere 1n this magazine. Briefly,
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Fig. 3. Charge-discharge cycle
for circuit shown in Fig. 2A.

T Hﬁﬁﬂﬁiﬁ“ﬁﬁﬁﬁ
HRoooRESalEnnnEY

Fig. 4. Two spikes produced when
flashlight is blinked twice.
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Fig. 5. Slow scan of flashlight
across circuit in Fig. 2C.

when the joystick feature is selected, the
computer generates a decimal number
directly proportional to the voltage at
the selected joystick port. These num-
bers ranges from 0 to 63 (6-bit accuracy)
when the voltage varies from about 0.3
to 4.75 volts.

Normally the voltage is derived from
the two potentiometers in each joystick.
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Each potentiometer is connecfed as a
voltage divider across a 5-volt. supply
from the computer with the wiper ter-
minal providing a variable output volt-
age as the potentiometer shaft is
rotated.

Of course any other voltage source
can be connected to the joystick ports if
its excurstons fall within a 0-to-5-volt
window. In any case, the digitized rep-
resentation of the voltage can be sum-
moned by the simple command
JOYSTK(n) where n is the port number
(0-3).

Knowing this and taking advantage
of the Color Computer's powerful
graphics capabilities, it is easy to devel-
op a rudimentary oscilloscope program.
Here’s one possibility:

10RPCLE  PMERE 4, 1 : SCREEN
150
20 FOR X=0 TQ 255
30 Y=JOYSTK(0)
A PSETLX, )
S5QONEXT X
B0 GOTO 10

This very simple program transforms
the screen of the monitor into a black
square surrounded by a green border. A
moving green dot traces a solid line
from left to right across the black
square.

[f the wiper of the potentiometer rep-
resenting JOYSTK(0) (horizontal, right
Jjoystick) is rotated, the green dot will
move up (or down), leaving behind a
trail of dots. When the dot reaches the
right side of the square, the line and dot
pattern it has traced is instantly erased
and a new sweep is begun.

The simple oseilloscope program can
be converted to emulate a storage scope
merely by changifig the last line to:

60 GOTO 60

The green dot will now form a single
trace which will be displayed on the
monitor until the BREAK key is pressed.

Other enhancements can be easily
added to,the basic program. For exam-
ple, the following BASIC line will add a
trigger feature to intitate a trace only
when the'incoming voltage exceeds 0.3
volt:

19 F JOYSTK (@
ELSE 156

} =0 THEN 20

The trigger feature can be further en-
hanced by changing O [not JOYSTEK(0)]
to a variable. Many other features can
also be added. For example, a graticule
can“be drawn on the monitor’s screen.
And, traces can be saved on disk for lat-
er retrieval and viewing.
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Comscope. The simple program just
discussed has been enlarged into a
- menu-driven computerized oscilloscope
program called Comscope shown in
Listing 1. While the joystick and graph-
ics commands in Compscope are unique
to the Extended Color BASIC of the
Color Computer, the program can be
used as a guide to develop similar soft-
ware for other computers.

When entered and run, the monitor
displays Comscope’s menu:

COLOR COMPUTER

OSC I LLOSCOPE

A.SIINGLE SWEEP STORAGE
SCOPE .

B . CONT INUOUS SWEEP SCOPE .

G .BRETR | EVE TRACE FROM
18I .

FOR GRATICULE ADDGTO
SELECT 1@kl

PRESSMTORETURN TOMA N
MENU

SELECT | ON?

The menu provides a total of six op-
tions. Ifa G is appended to the selection,
the graticule subroutine (line 2000-
2160) is executed. The graticule pro-
vides a grid of 16 horizontal and 12 ver-
tical divisions. The center horizontal
and vertical lines are given short tick
marks.

If single or continuous sweep modes
are selected, the sweep subroutine (lines
4000-4700) 1s executed. In both cases,
the program first asks for the desired
sweep time in  seconds-per-division
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Fig. 9. Plol same as Fig. 4.

Fig. 6. How to connect a plotter to the Color Computer.

(0.35 second minimum) and assigns it to
variable SD (see lines 340-360).

The program subtracts 0.34 second
from the time entered. The 0.34 s 15 the
approximate time required for the pro-
gram to execute the steps that retrieve
joystick values and draw the trace on
the monitor (lines 4300-4350). The re-
sult after the subtraction is multiplied
by 460, the number that, when used in a
one line timer loop (FOR T=0 TO
460:NEXT T), produces a delay of 1
second.

I the trace is not to be saved on disk,
the product is then divided by 16, the
number of pixels in a single graticule di-
vision, and designated SW (line 360). If
the trace is to be saved on disk, the prod-
ucl 1s divided by 4. This 1s because
traces to be saved on disk must be made
at 1/4 the resolution of ordinary {races
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Fig. 8. Plot same as Fig. 3.
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Fig. 10. Plot same as Fig. 5.

to prevent the disk buffer from filling
before all or at least most of the trace
has been completed.

High resolution traces can be saved,
but since the disk drive will turn on and
momentartly mterrupt program execti-
tion several times during a single frace.
the resultant traces will contam unde-
sirable artifacts. This is particularly
true when fast sweep speeds are selected
and when the input voltage varies
rapidly.

The processed seconds-per-division
variable (SW) is held until needed by the
sweep subroutine. It s then used m the
timer loop at line 4340.

In the simple demonstration program
given earlier, the trace was formed by a
stream ol dots. When superimposed on
a graticule, however, the dots lack the
visibility a solid line would provide.

For this rcason the sweep subroutine
forms a continuous line trace. Line 4100
establishes a starting point for the LINE
command. Line 4330 then extends a line
from the starting point to the first pair
of coordinates designated by a FOR . ..
NEXT loop (x values) and the data re-
trieved from the disk data file (y values).

Incidentally, line 4200 in the sweep
subroutine provides a trigger that pre-
vents the sweep from beginning until
the voltage at the joystick port exceeds
about 0.3 volt. This feature can be omit-
ted by dropping line 4200. Or you can
alter the condition so that the sweep be-
gins al any joystick value you select (0-
63).

A particularly important option in
the single-sweep storage scope mode s
whether or not you wish to save a trace
on disk. Comscope assigns your answer
(Y or N) to a string variable called DY
and at various points i the program
queries D$ to determine whether or not
data is to be saved on disk.

At line 370, a disk data file assigned a
name you specily (see N§, lines 330 and
370) is opened if DS s Y. At line 4320 1in

(Continued on page 98)
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Storage Oscillosope

Prmr to running Scopeplt, the plot-
ter’s scaling points should be manually
entered mto the plotter. This is accom-
plished from the plotter’s controt panel
by first directing the pen to the desired
upper lefr corner of the plot and enter-
ing Pl. Next, move the pen to the desired
lower right corner of the plot and enter
P2. Be sure to leave room for the label
which will be drawn under the plot.

Next, select the pens you wish the
plotter to use. A fine tip (0.3 mm) black
pen is excellent for the graticule or bor-
der (right stall) while a broad tip (0.7
mm) red, green or blue pen provides a
highly visible trace (lelt stall).

Make sure the plotter is placed so the
paper has an ummpudud path as il
moves back and forth across the bed.
Then place a sheet of paper in the plot-
ter. (White typing bond is okay, but
plotter paper provides publication-qual-
1y results.)

Now run Scopeplt. The program will
ask you to enter the name of the trace
you want to plot. (You'll get an NE er-
ror if the data file for the trace is not on
the disk inserted in the drive.) The pro-
gram will then ask if you want a grati-
cule. If not, it will ask if you want tick
marks inserted around the rectangle
which will surround the plot.

After you have responded to the pro-
gram, Scopeplt will take over and rapid-
ly commence drawing the plot. After
completing the graticule (or border) and
trace, it will label the plot and insert the
calibration factors. The program uses a
fixed value of 0.4 volt per vertical divi-
sion, with the value for the sweep speed
retrieved from the disk file.

Be sure to keep your {ingers away
from the fast moving pen! Depending
upon where you set Pl and P2, you can
enter new locations for Pl and P2 and
make additional plots on the same
sheet.

A sample test plot showing voltage
fluctuations generated by one axis of an
analog (potentiometer voltage divider)

Joystick is shown in Fig. 7. The data for

this oscillogram, which illustrates the
border with tick marks option, was re-
trieved from a disk data file called
JOYSTK-1.

Figures 8, 9, and 10 are plotter-gener-
ated oscillograms corresponding to the
computer monitor photographs in, re-
spectively, Figs. 3, 4 and 5. All three os-
cillograms illustrate the graticule
option.

Varitous combinations of pen colors
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and w1d!h.s can be used to dress up the
oscillograms. You can plot an oscillo-
gram anywhere you please on a sheet of
paper simply by sctting new 1 and P2
locations. You may wish to make light
pencil marks for the new locations. En-
ter them after first moving a pen direct-
ly over each mark. Remember that
you’ll have to reenter the P1 and P2
points il you turn off the plotter

Modifying Scopeplt. Experienced
HPGL programmers will have little
trouble revising Scopeplt to include ad-
ditional features. With a little practice,
even novice HPGL programmers can
soon learn to expand the program.

The most obvious revision would be a
menu of options to permit such a frill as
keyboard control of the location, size,
and orientation of the oscillograms.
Other options might include user-
selectable label size and graticule con-
figuration. A text feature could also be
included.

The programs
can be revised
to drive
other computers
and plotters

Incidentally, normally P1 and P2 are
set, respectively, at the upper /eft and
lower right corners of the paper.
Scopeplt alters this arrangement in or-
der to match the Color Computer coor-
dinate system. Therefore, the labels are
reverse printed so they will apppear nor-
mal (see line 910). Keep this in mind if
you revise the program.

Going Further. Both Comscope and
Scopeplt illustrate the use of moderately
priced computer hardware to provide
capabilities previously unavailable to
engineers, technicians, and experiment-
ers unable to afford expensive storage
oscilloscopes and data loggers. Remem-
ber that, while these programs were de-
veloped for the Color Computer and
HP-7470, they can both be revised to
drive other computers and plotters. €

Sharp PC-5000 %

(Continued from page 63) T
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tem, no sj 7(:.lel pr()cedure s requm,d for
using the bubble memory. Bubble car-
tridges are small enough to tuck into a
shirt pockel and are quite a bit more
rugged than floppy disks and data
casselles.

As I see it, the only drawbacks to the
bubble-memory system are its limited
128K storage capacity and the relative-
ly high price of additional cartridges,
However, with a combination of disks
and bubble memory, the one cartridge
supplied with the computer should be
sufficient for most users.

Closing Comment. Sharp has done a
great job in designing the PC-5000. My
main regret is that I didn’t have a pro-
duction model, complete with software
and all options, Lo test. The fact that the
computer uses MS-DOS as its operating
system should mean that there will be
many fine software packages available
for the PC-5000 in a short time. If Sharp
supports and services the computer, the
PC-5000 should be a real winner. O

ISOBAR...cleans up
your line power! The
most complete computer
protection available!

More features to prevent errors, faise printout,
disc skips! Only ISOBAR has 3-way sprike pro-
tection, noise suppression for RFI PLUS isolated
filter banks! Individual filter banks isolale each
load from other loads minimizing data errors of
any kind. MOV surge suppressors arrest both
common mode and differential mode surges.
L/C filter network rejects radio frequency noise
t any amplitude. Toroidal coils for greatest
efficiency!
Model IBAR 2-6 Mode! IBAR 4-6
(2 outlets, 6 ft. cord) | (4 outlets, 6 fi. cord)
Only $54.95 Only $79.95

Model IBAR 8-15 (8 outlets, 15 #. cord)
Oniy $97.95
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Indus-Tool, 325 W. Huron, Dept CE
Chicago, IL 60610 - Call 1-312-642-6871

Enclosed is § _or bill us open
account...we are Dun & Brad rated.
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Storage Oscilloscope

The program combmes mstructions
for the computer’s video monitor and
the plotter so that both form graticules
(i so instructed by the user) before plot-
ting the retrieved trace.

The program probably seems very
complicated if you're not familiar with
HPGL. Actually, HPGL is very easy to
use, as you can readily see by referring
to the keystone of the program, lines
500-800. These five short lines form a
loop that plots the saved trace a point at
a time on both the computer’s monitor
and the plotter. Here's what happens:

Line 500 establishes a loop of 256/4
events, 256 being the number of pixels
across the screen of the monitor. The
loop is stepped through each fourth
pixel since the disk data is stored at 1/4
resolution.

Line 600 retrieves y-axis data (volt-
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lute) and places the pen !‘lp on the paper
(PD or Pen Down).

Line 800 repeats the cycle started at
line 500.

As the loop executes, a stream of dots
s “‘painted’’on the video monitor, while
simultaneously, the plotter pen draws a
continuous line plot identical to the dis-
played trace.

While Scopeplt, like all graphics pro-
grams, is very meticulous in its detail,
iUs actually a relatively simple program.
Look, for instance, at line 90. This line
uses the plotter’s SC (SCale) instruction
to establish a grid of 192 x 256 plotter
units. This gives the plotter the same
resolution as the Color Computer and
allows the x and p values used lor the
computer to be used by the plotter.

The HPGL commands between lines
230 and 390 draw the graticule and in-
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culc and with or without bmde tick
marks 1l either of these options is
selected.

You may be wondering about the
sprinkling of seemingly functionless
time-wasting loops such as those in lines
310, 400, 3000, 3900, 4300, and 4700.
These are included to prevent the buffer
in the HP-7470A plotter from being
filled by too rapid a stream of incoming
instructions from the Color Computer.

To reduce execution time, experi-
ment with the values in these timer
loops.

e e 3
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How to Use Scopepit. An HP-7470A
(RS-232 version) plotter is connected to
the serial port of a Color Computer as
shown in Fig.6. While this arrangement
does not permit the plotter to send data
fo the computer, it is satisfactory for

sert tick marks. The HPGL commands
between lines 3000 and 4800 draw a
simulated CRT screen without a grati-

age) from the disk.
Line 700 moves the plotter pen to the
appropriate position (PA or Plol Abso-

most common plotting applications.
Other computers offer better interfac-
ing via “handshake™ signals.

For Home or Business: WHAT.. WHEN.. HOW. ..

LEARN HOW
TO USE A
COMPUTER

Now at Home in Spare
< Time, you can learn every-
 thing you always wanted fo on

know about personal com-
puters. How o program in :
BASIC. How to understand advertlsed
7 and use more than 80
BASIC commands and
functions. How to write and
run your own programs...
for both personal and busi-
ness applications. How to
s Use pre-packaged software
and change it to meet your
special needs. How to

For more
information

postage
and
handling

products,

~ One each of equipment
! 8 14,16,24

' and 40 pin tin

we will send
you FREE our
56 page catalog

plus

tested, etc.,

i with $1.00 OFF , make sense of the over- f
low profile DIP Sockets Cou;:f;on o e R circle
information and advice i
any purchase. available at your local com- apprﬁprlate
puler store.
Mare Than Just A Computer Manual number

This is more than just another programming manual. .il's
an enlire comprehensive course wrilten by experts. Yet,
because it was especially developed for home study, you on
learn everything right in your own home, without changing
your job or lifeslyle, without attending a single class.

Plus You Get Your Own Computer
To give you practical hands-on experience, this course in-

$ SINTEC COMPANY We Carry

. 28 8th Street Over 1500 Parts
5 ' Box 410 in Stock!!
$  Frenchtown, NJ 08825

postpaid

: |
$ (201)996-4093  Fillin 1 below for Socket Deal Sl 0 el W e o Free
5"“:' ********* —— — —_ — ma\ clair 1500 witth buill in 16K
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THEN GOSUB 2000
U BINE (0, 290 =G0, 191 )  PSED
FOR X=0 TO 255 STEDP 4

"SCOPEPLT

‘COPYRIGHT 1984 BY FORREST M.
PRINT #-2, "SP0;":CLS

PRINT @ 34,
PRINT @ 69,
PRINT @ 288,
IF INKEYS="" THEN 40
PRINT
PRINT
INPUT
INPUT
IF G$S="N" THEN INPUT "DO YOU WANT
BORDER TICK MARKS (Y OR N)":TS
OPEN "I",#1,NS
PRINEH =2 “SCH. 255 0 191 s5p2."
PMODE 4,1:PCLS:SCREEN 1,0

IF G$S="N" THEN 3000

FOR H=0 TO 271 STEP 16

LINE (H,0)-(H,191),PSET

PRENTH = 2. - R it g pily,. e . 1201 pie ™
IF INKEY$="R"™ THEN 5000

NEXT H

PRINT#-2, "PA128,0:"

FORBE0 ‘2o 191 SpEpp 4

PRINT¥-2, "PAl128,"T":;YT:"

IF INKEYS$S="R" THEN 5000

NEXT T

FOR Q=1 TO 1000:NEXT Q

FOR V=0 TO 207 STEP 16

LINE (0,v)-{255,V),PSET

PRINTE§=2, "PAG,"™V",PR,255, 7", BU0:"
IF INKEYS$S="R" THEN 5000

NEXT V

PRINT#-2, "PAD,96;"

FOR T=0 TO 255 STEP 4

PRINT#-2, "PA"T",96;4T;"

IF INKEYS="R"™ THEN 5000

NEXT T

FOR Q=1 TO 1000:NEXT Q

FOR T=8 TO 191 STEP 4

PSED (227, T):PSET {129 .7)

NEXT T

FOR T=0 TO 255 STEP 4

PSET (7,95)PSET (T,9%7)

MIMS ITT

"HP/7470 PLOTTER DRIVER"
"PRESS ANY KEY 70 START..."
ELSE CLS

"SCOPE DATA FILE MUST BE ON DISK."

"SCOPE DATA FILE NAME";NS$

"COLOR COMPUTER OSCILLOSCOPE"

"PRESS R TO RESTART PROGRAM," :PRINT

n

"DO YOU WANT A GRATICULE (Y OR N)";GS

LISTING 1—COMSCOPE

L0 '"COMSCOPE

20 'COPYRIGHT 1984 BY FORREST M. MIMS ITII

30 CLs

50 PRINT @ 34, "COLOR COMPUTER OSCILLOSCOPE"

100 PRINT @ 96, "A.SINGLE SWEEP STORAGE SCOPE."
110 PRINT @ 160, "B.CONTINUQOUS SWEEP SCOPE."

120 PRINT @ 224, "C.RETRIEVE TRACE FROM DISK."
150 PRINT @ 320, "FOR GRATICULE ADD G TQO SELECTION"
160 PRINT @ 384, "PRESS M TO RETURN TO MAIN MENU"
165 PRINT "":PRINT "

170 INPUT "SELECTION";SES

200 TF SES="B" @R SES="BC" THEN 340

2100 PP SES="E" @R SES="CG"™ THEN 1000

0. CLS

310 INPUT "SAVE TRACE ON DISK (Y OR N)":D$

320 ERSDSES"YT OR DSETUND THEN 330 BEESE 300

330 IF DS="Y" THEN INPUT "NAME OF TRACE":NS

340 INPUT "SECONDS PER DIVISION (0.35 MINIMUM)":SD
350 IF DS="Y" THEN M=4 ELSE M=16

360 SW=({SD-.34)*460)/M

370 IP DS="Y¥" THEN GBEN "0, #1 NS

380 PMODE 4,1:PCLS:SCREEN 1,0

400 IF SES$S="AG" OR SES$="BG" THEN GOSUB 2000

450 GOSUB 4000

SO0 IF SES="B" OR SES="8¢" THEN 380

1000 CLS

1020 INPUT "NAME OF COMSCOPE TRACE ON DISK";NS$
1030 QPEN "I° .41 ,NS

1100 PMODE 4,1:PCLS:SCREEN 1,0

LISTING 2—SCOPEPLT

"

1320 TRPUT #1 ¥
1330 LINE —{X;¥),PSET
1340 NEXT X

1350 CLOSE #1
1400 IF INKEYS$S="M" THEN 30 ELSE 1400
2000 '"DRAW GRATICULE
2010 FOR H=0 TO 255 STEP 16
2020 LINE (H,0)-(H,191),PSET
2030 NEXT H
2040 FOR T=0 TO 191 STEP 4
2050 PSET {12 ,T)2PSET {129,T)
2060 NEXT T
2100 FOR V=16 TO 191 STEP 16
ZLA0 BENE (0,Vi={255,V) ,PSET
2120 NEXT V
2130 FOR T=0 TO 25% STEDR 4
2140 PSET (T,95):PSET (7,97)
2150 NEXT T
2160 RETURN
4000 IF D$="Y" THEN Q=4 ELSE Q=1
4100 LINE (0,191)-(0,191),PSET
4200
4300 FOR X=0 TO 255 STEP 0
4305 IF INKEYS="M" THEN 30
4310 Y=189-3*JOYSTK(0)
4320 IF D$S="Y" THEN WRITE #1,Y
4330 LINE -(X,Y),PSET
4340 FOR T=1 TO SW:NEXT T
4350 NEXT X
4500 IF D$="Y" THEN WRITE #¥1, SD
4600 IF SES="A" OR SES$="AG"
THEN CLOSE #1 ELSE RETURN

4700 IF INKEYS$S="M" THEN 30 ELSE 4700

170 NEXT T

480 PRINT #-2, "SPl;"

500 FOR %=0 TO 255 STEP 4

600 INPUT $#1, ¥

700 PSER {X:¥)

720 PRINT#-2,

750 IF INKEYS$="R"

800 NEXT X

900 PRINT#-2,

910 PRINT#-2,

920 PRINT#-2,

925 PRINT #-2,

927 INPUT4#1, SD

930 PRINT #-2, "PAQ0,250;LB0.4 VOLT/DIV
"SD"SEC/DIV"CHRS(3)

950 PRINT#-2, "PU;S8p;"

990 CLOSE #1

1000 IF INKEYS$S="R" THEN 20 ELSE 1000

3000 PRINT#-2, "PAO,0,PD,0,191,

255,191 ,255,0,0,0,80:"

3100 IF TS="N" THEN 500

3200 FOR T=0 TO 191 STEP 16

3300 PRINT#-2, "PAQ,"T";TL1,0:;YT:"

3350 IF INKEYS$S="R" THEN 5000

3400 NEXT T

3500 FOR D=1 TO 1000:NEXT D

3600 FOR T=0 TO 191 STEP 16

3700 PRIONGH =2, "DADEE MUELNRG .y

3750 IF INKEYS$="R" THEN 5000

3600 NEXT T

3900 FOR D=1 TO 1000:NEXT D

4000 FOR T=0 TO 255 STEP 16

4206 PRING®H-2, “BPATT" :0:3BL10XT:"

4150 IF INKEYS$="R" THEN 5000

4200 NEXT T

4300 FOR D=1 TO 1000:NEXT D

4400 FOR T=0 TO 255 STEP 16

4500 -PRINSE= "RNTDY 100 S0 T e

4550 IF INKEYS$="R" THEN 5000

4600 NEXT T

4700 FOR D=1 TO 1000:NEXT D

4800 GOTO 500

5000 CLOSE #1:G0T0O 20

WRPRTY Y PR "
THEN 5000

"PU;SP2;:"

"DR-1,0;8R5,-7;"

"PAD,220;LB"NS;CHRS(3)
"SRZ2.5,-4

IF JOYSTK{(O) > 0 THEN 4300 ELSE 4200
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(Continued from page 66}

the sweep subroutine, y-axis (vertical)

trace data is written into the data file if
D$ is Y. The sweep delay per division
(SD) is saved after the trace has been
saved (line 4500). This allows a suitable
plotter program to correctly annotate a
hard copy version of the retrieved trace.
(Omit line 4500 if you don’t plan to use
the plotter option described below.) Fi-
nally, the disk file is closed (line 4600)
after the sweep is completed and saved.

Traces which have been saved on disk
can be retrieved and displayed with or
without a graticule. This function is ac-
complished by the routine in lines 1000-
1400. Line 1020 requests the name of
the trace (N$) and line 1030 opens an in-
put buffer (#1) for the disk. The re-
mainder of the routine retrieves data
from the disk and paints the trace on the
monitor’s screen. The retrieved trace is
drawn using the sweep subroutine’s
method for painting a real-time trace.
(See lines 4300-4350 and 1310-1340.)
Saved traces can also be drawn on a
plotter using the Scopeplt program de-
scribed later.

How to Use Comscope. After loading
the program (and saving it on disk if you
have a disk drive), verify operation by
moving the joystick handle during the
display sweep phase. If the trace does
not move up and down In response to
joystick movements, check to make sure
that the program was entered correctly.

Be sure to check all the menu options
for proper operation. A displayed trace
can be exited (while 1t’s being painted or
after it’s frozen on the monitor) by
pressing M. The screen will immediate-
ly clear and the main menu will be dis-
played. You can exit at other points in
the program by pressing BREAK and re-
start by typing RUN.

Many different signal sources can be
connected to the Color Computer’s joy-
stick ports as long as their output levels
fall within the 0-5-volt “window.”
When no external amplifier is used,
Comscope provides a sensitivity of
about 0.4 volt per vertical division.

Low-level signals will require ampli-
fication and this is easily accomplished
with a simple operational amplifier cir-
cuit such as the one described in this
month’s “The Electronics Scientist”
column. This column also describes
how to gain access to the Color Com-

“puter’s joystick ports by soldering a pair
of wires to terminals inside a joystick.

Three simple circuits whose outputs

can be momtored w1th the COIT}bLOpe

program are shown in Fig. 2. Figure 2A
shows an RC circuit that outputs a rap-

~idly rising voltage followed by a slowly

falling voltage as C/ is charged through
RI and then self-discharged through
natural leakage paths within the circuit.

A photograph of the actual trace of
the charge-discharge cycle as displayed
on the computer’s monitor (0.4 volt per
vertical division and 0.35 second per
horizontal division) is shown in Fig. 3.
The trace begins automatically as soon
as 57 is closed. The switch was opened
when the charge of C/ approached max-
imum amplitude.

The circuit in Fig.2B is a very simple,
yet ultra-sensitive, light sensor. The
cadmium sulfide photoresistor, PCI,
has a high dark resistance and a low
light resistance (Radio Shack 276-116
or similar). The circuit’s output voltage

Even economical
printers have
higher
resolution than
video monitors

rises as the light level at the photo-
resistor increases.

A photograph of the monitor’s screen
showing two spikes produced by the
light sensor when a flashlight was
blinked twice in quick succession (0.4
volt per vertical division) is shown in
Fig. 4. The spikes, which are easter to
discern without the graticule, exhibit
the very slow fall times characteristic of
photoresistors. This is the so-called
memory effect. While a small part of the
delay is caused by the thermal lag of the
lamp filament, note that the output
from the sensor is still 0.4 volt when the
second flash arrives about 2.5 seconds
after the first.

A linear-response light sensor using a
stlicon solar cell and an op amp 1s shown
in Fig. 2C. Using the values of R/ and
R2 as shown, the gain of the op amp 1s
10. This can be increased (decreased) by
increasing (decreasing) the value of R2.

A photograph of the monitor’s screen
showing the trace produced when the

beam lrom a ﬂashhghl 18 slnw ]\/ de[lﬂLd

past the solar cell is shown in Fig.5. The
horizontal sweep is 1 second per divi-
sion. Thanks to the X10 gain of the am-
plifier, the vertical scale is a sensitive
0.04 volt per division.

Earlier it was explained that traces
saved on disk must have reduced resolu-
tion to avoid interruptions from the disk
drive when the output buffer 1s filled.
The display photograph in Fig.3 clearly
shows an artifact resultant from a disk-
drive interruption near the right end of
the trace. Depending upon the signal, a
stmilar artifact may appear at the same
location on other traces.

Modifying Comscope. In using Com-
scope for serious applications, you may
want to consider modifying or expand-
ing the program to include custom fea-
tures. Since the time per horizontal divi-
sion is only approximate, you can refine
the timing calibration. One possibility 1s
to use the TIMER function.

If you can program in assembly lan-
guage, you can greatly increase Com-
scope's sweep speed. This i1s done by
substituting an assembly language sub-
routine for the sweep subroutine.

You may also wish to add sound ef-
fects, particularly if you intend to
record traces over a period of minutes or
hours. A simple BASIC line such as
SOUND 200,50 appropriately placed
will generate a tone to notify that the
trace is complete or any other desired
event has occured.

Using an X-Y Piotter. [t's possible (0
use some dot-matrix printers to produce
a hard-copy version of graphics dis-
played on a computer’s monitor. This
procedure is called a screen dump.

A better approach is to employ an x-y
plotter. Even economical plotters have
much higher resolution than the best
available video monitors. This means
very precise graticules and calibration
marks can be superimposed on a plotted
trace.

A program called Scopeplt that con-
verts Comscope traces saved on disk
into publication-quality hard copy is
given in Listing 2. The program is de-
signed for use with Hewlett-Packard’s
HP-7470A plotter and a Color Comput-
er. With minor modifications it can also
be used with other computers and any of
the various plotters that understand
HPGL (Hewlett-Packard Graphics
Language).
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