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SCA ERRORS
In th e articl e, " Bui ld Thi s SCA

Receiver," in th e Au gu st 1987 issue
of Radio-Electronics, th e Parts List
has R42 at 22K and R37 and R38 at
10K. The schemat ic has R42 at 4.7 K
and doesn 't show R37 and R38 at
all. Th ey appear to be in se rie s
with pin 13 of IC1. The Parts List
also says that C27 is not u sed,
whil e th e sch em ati c shows that it is
in th e line between Q 2 and Q 6.
G . L. M cDONALD
Auburn , WA

Resistors R37 and R38 are 10K
units; as you surm ised, those are
the unmarked resistors at p in 13 of
IC1. Resistor R42 is 4.7K, as shown
in the schematic; the Parts List is
in correct. Also, capacitor C27 is a
0.01-J.LF ceramic disc as shown in
the schematic.

In add i tio n, a gro und symbol is
missing in th e schematic; it should
be added at the junct ion of R23,
R25, and C21.

Finally, i f you have trouble find
ing the Natio nal LM3189N used fo r
10, an RCA CA3189E or CA3089E
can be used in its place; the latter
on e should be the easies t to find.
- Rudo lf Graf and Will iam Sheet s

MORE ON SCA
I enjoyed " Bu i ld th is SCA Re

ce ive r" in t he August 1987 issu e
very mu ch . I wantto use the unit to
receive data for input in to my co m
puter, as men ti oned o n page 41.
Some of th ose tran smi ssions are at
19.2 ki lobaud , so the SCA aud io
bandw idth must be high enoug h
to n ot di st o rt t he t ra ns mi ssio n
wavefo rm .

Th e articl e states,"SCA is not a
high fi delity serv ice ; its audio-re
spo ns e bandwidth is lim ited to
abo ut 5000 Hz. " Is th at an FCC lim-

itati on , o r an arbi t rary o ne to el im
in ate noise? I'm co nce rned that
th e 12-dB-p er-octave low-pass fil 
t er o n the o utp ut of th e LM565
(R56/C45-R57/C46) wi ll cause wave
fo rm di storti on of any digital-data
transmi ssion .

If th er e is an FCC restriction, the
bandwidth w il l be limited at the
tran smitter, and I don 't have to
w orry. I do want to receive th e sig
n al ex ac t ly a s t r an sm itt ed ,
however.

What is th e FCC bandwidth re
st ri ct io n o n SCA tran smi ssion s?
And wh at co m po ne n t v alu e
changes, if any, are neces sary to
rece ive di gital -data exact ly as
tran smitted , without waveform
di stortion cause d by a restr icted
bandwidth ?

I b eli ev e th e au t h o rs we re
wrong in th eir state me nt : "The sig
nals are FM with ± 7.5 kHz devia
ti on maximum." Acco rd ing to the
FCC's D ecember 1984 am end
m ent , sect io n 73. 319 (d )(2), fo r
st e reo FM plu s an SCA and
nothing else (t he most co mmon
SCA sit uat ion) th e fqllowing ap
plies:

"D uring stereop honic program
transmission s, modulation of the
carrie r by the ari thme tic sum of all
subcarriers may not exceed 20%
referenced to 75 kHz modulation
deviatio n ..."

Th e maximum used to be 10 %
(7.7 kHz) bu t now it's20 percent (15
kHz)-and 30 percen t for mon 
aural and SCA-only t ransmi ssion s.
That erro r brin gs up a possibl e de
sign erro r in the SCA receiver 's cir
cu it. If th e design er's th ough t th e
maximum allowab le deviati on was
noti ceabl y less than what actually
mi ght be enc o unte red, m ight th e
circu it di stort more than it was de 
sig ned for when it get s a true max-
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imum signal? The output of LM565
and 2N3565 are the two possib le
overload points. What deviat ion
was the circuit designed for, and
what component changes are nec
essary for the true maxi mum pos
sible SCA signal levels? Also, do
you know w here I co uld get a li st of
stations w ith SCA d igita l data
transmissions?

I loo k forward to using t he SCA
receiver.
PETER SKYE
Glendale, CA

We were not aware of the change
in the FCC ru le when we wrote the
article. Our object was to rece ive
SCA music and speech trans mis
sion. The 565 PLL will lock and fo l
low any signa l up to ±60% of the
design freq ue ncy depending o n
external components . We refe r
you to National Semiconductor's
LM565 data sheets fo r more de
tails.

The circuit was designed to han
dle the ± 10% deviat ion (7.5 kHz).
It does better than that on the
bench, but we can not guarantee

that you, too, will recei ve better
performance.

If you fi nd that the lowp ass filte r
distorts the waveform, you can try
removing i t . However, you may
find that that resu lts in unaccepta
ble noise levels . In that event, try
experimenting with smalle r levels
of f ilter ing. -Rudo lf Graf and
Wi ll iam Sheets

COMPUTER FLEA MARKET
There w ill be 80 sellers of hard

ware, software, pri nters, d isk
drives, supp lies, books, and more
at t he Co mp uter & Hi-Tech Flea
Market on Saturday, November 21,
1987. It w il l be he ld at t he Vete rans
Memorial Bui ld ing, 4117 Overland
Avenue, Cu lver City, CA from 10
AM to 5 PM. There wi ll be ample
free parki ng , and t he ad mission
charge is $2.00.

For those wish ing to set up and
sell at the fair, information can be
obtained by calling (213) 276-1577.
MICHAEL J. FLAHERTY
303 North La Peer Dri ve
Beverly Hills, CA 90211

R-E ROBOT
I was disappointed to see that

Clifford King was not credited as
the co-author of the article on the
RCL Robot Command Language
("R-E Robot," August 1987). Mr.
King designed and w rote the RCL,
t hen wrote the article describ ing
it . I offered only general guidance
in terms of the purpose of the pro
gram and the ove rall d irect io n of
t he art icle. Without Cliff King's
consu lt ing group's-Micro-K Sys
tems-offer of software support at
the incept ion of t he robot project,
I doubt if I wo uld have started the
project at all.

As yo u know, it 's not the hard
ware that is the bott leneck in the
design and utilization of robots. It
is t he software. The RCL that
M icro-K developed took over 4
man-mont hs of solid effort and the
results are o utstanding.

Thank you for correcting the
oversight and printi ng th is infor
mat ion .
STEVEN E. SARNS
Vesta Technology Inc.

contin ued on page 25
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HM205-2
the new Digital Storage Oscilloscope
with 5 MHz sampling rate and 2 x 1024/8 bit storage
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HM8148
the new intelligent Graphic Printer
firmware for time, date, interval, linear interpolation
zoom ing function $788.00

DSO Software
with 13 programs
Inc], IEEE BUS card

$480.00
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shown in Fig . 3, is hard to beat. Just by 
touching the plate, body capacitance 
unbalances the circuit and pulls /C1 
into lock. An external signal is nor
mally fed into the PLL (IC1) via pin 3 
and Ct and Rt are used to tune the 
voltage-controlled oscillator to the 
input frequency. When lock occurs, 

the vco adjusts itself to be 90° out
of-phase with the input signal. 

With the input signal at pin 3 coming 
from the output of the vco (pin 5 of 
/Ct) through C4, R2, and R3, the two 
signals are in-phase with each other 
and the circuit cannot lock. However, 
when the touch plate is approached, 

SCA DECODER 

SCA Decoder. Our final PLL project sentially a 67-kHz FM detector. How
is an SCA decoder built around the ever, a PLL is a better detector for FM 
565 phase-locked-loop IC. This is es- than any of the traditional detector de

enough capacitive phase shift .is in
troduced to allow the circuit to lock. 

Wiring the jumper into the circuit as 
shown allows the system to latch in 
the on position even after your hand is 
removed from the touch plate. To 
reset the system to off requires St to 
be closed momentarily. 

' ·' 
signs because it has the ability to dive 
6 dB below the noise level and still 
lock onto a signal. 

In the case of an SCA subchannel 
where the information is ·only 10% of 
the total program power (most of that 
lost in the audio filtering), the 565 !Q's 
ability to reject noise is an impo'rtant 
factor in building a simple and effec
tive SCA decoder. 

Capacitors Ct, C2, and C3 and coil 
Lt (Fig . 4) form a bandpass filter that 
peaks at 67 kHz and rejects all low
frequency components of the audio 
signal in an FM tuner. Transistor Qt 
amplifies this signal and passes it to 
/Ct. The PLL IC is tuned by C7, R6, and 
RtO. Since the tuning frequency is 
also a function of the supply voltage, 
the IC should be zener-diode rsgu
lated . · 

R3 RS 

C4 

JI 

l~...I ..---+-t .............. s~ 
. + }I~;;~~. 

IN 

Fig. 4. SCA decodm-. 

PARTS LIST 

Cl-220-pF disc capacitor .' 	 C2.,-0.002-µF disc capacitor 
C3-330-pF disc capacitor 
C4--560-pF disc capacitor 
C5,C9,CI0--0.04-µF disc capacitor 
C6-0. l-µF disc capacitor 
C7-0.001-µF disc capacitor 
CS-0.001-µF disc capacitor 
CI 1-30-µF , 15-volt electrolytic capacitor 
Dl-12-volt zener diode 
ICl-565 PLL IC 
JI ,J2-Phono jack 
Ll-IO-mH slug-tuned inductor (Miller 

No. 9060) 

Ql-2N2926 npn transistor 


The following are \-{i-watt, 10% resistors: 
Rl-100,000 ohms 
R2-22,000 ohms 
R3-8200 ohms 
R4--1500 ohms 
R5-15 ,000 ohms 
R6,R7,RII--4700 ohms 
R8-6800 ohms 
R9--IOOO ohms 
R 12--47 ,000 ohms 
RI0--10 ,000-ohm , linear-taper poten

tiometer 
R 13--47 ,000-ohm, 'h-watt , 10% resistor 
S 1-Spst switch 
Misc .- Battery clip: hookup wire: solder: 

e~c. 

The demodulated audio signa·1 
comes out of the decoder at a 50-mV 
level. It has a 7,000-Hz audio band
width that can hardly be considered 
hi-ti. This bandwidth , however, is 
more than sufficient for background 
music. 

The 	 tuning procedure is simple. 
Connect the output of ybur FM tuner · 
to the input of the SCA decoder and 
the output of the decoder to your 
audio amplifier. Set RtO to the center 
of rotation. Scan the FM dial; all you 
should be able to hear at this point is 
noise and no stations. An SCA sub
channel will appear as a sharp drop.in 
the noise level, accompanied by a dis~ 
torted music program. Now, adjust 
RtO for the best signal-to-noise (S/N) 
ratio and highest fidelity: 

Tune to the weakest SCA subchan- · 
nel you can find . Adjust Lt for the low
est possible noise level. The SCA de
coder is now ready to use. 

Closing Comment. The- preceding 
four projects illustrate only a small 
·portion of the possible applicati'ons to 
which the versatile phase-locked-loop 
IC can be put. A couple of the projects 
should be able to suggest other proj
ects of your own. ~ 
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Communications Part 1 

Discover the 
"Hidden World" 

of FM Broadcasting 
Project lets you tune in on SCA subchannels 
with almost any FM- stereo tuner or receiver 

By Gary McClellan 

f you are like most people, your 
FM listening is probably restrict- 
ed to the usual music and news. 

You may not even be aware that there 
are buried within the signals of many 
FM stations hidden programming 
meant for special audiences. Even if 
you are aware they exist, you may not 
know how widespread and diverse 
this programming has become. With- 
out a special decoder, available to 
commercial subscribers for a rental 
fee, you cannot receive these pro- 
grams with an ordinary FM receiver 
or tuner. However, if you build and 
use the "Explorer" SCA adapter de- 
scribed here, you can save the cost of 
the monthly rental fee of a decoder 
and still be able to listen to SCA 
broadcasts, though you will not get 
the benefit of program guides and 
other helpful materials. 

If you live in or near a major city 
and can clearly receive FM stations, 
you are a candidate for the Explorer. 
To obtain the greatest benefit from 
this project, you need a high -quality 
FM- stereo tuner or receiver, which 
should be solid -state in design and 
have an ac power transformer. You 
must also know something about elec- 

tronic circuitry so that you can "in- 
stall" the Explorer in your receiver. 

The Explorer will not decode stock 

vM MULTIPLE% 
RECEIVER 

quotation services or receive ARI 
broadcasts. Both services require 
leased decoders for proper reception. 
Also, you should know that these 
broadcasts are copyrighted. While it 
is okay to listen to them in the privacy 
of your own home, you cannot under 
law use them to promote a business 
or use them for profit, nor can you 

record them or divulge their contents 
to other people. 

SCA Theory 
Before we discuss how the Explorer 
works, let us look at a cross -section 
of a typical SCA- carrying FM broad- 
cast signal, shown in graph form in 

Fig. 1. Note that the zero point is the 

Fig. I. Anatomy of FM Spectrum. 

45 

L + R L -R L - R 

main 
program 

stereo stereo 

10 ARI SCA 

o 
o 19 38 

Deviation, KHz 

6, 

December 1985 / MODERN ELECTRONICS / 39 



C3 1 R2 
.1NF I 100K 

Cl. 
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8 
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Fig. 2. This is the complete schematic diagram of the Ex- 
plorer SCA adapter. Power for project is taken from ac 

line through wall transformer. 

Semiconductors 
D1 thru D4- 1N4001 rectifier diode 
D5- 1N4739 (9.1 -volt) zener diode 
ICI- XR- 2211CP linear FSK decoder 

(EXAR) 
IC2- LM380N linear audio amplifier 

(National) 
Q1- 2N2222 npn transistor 
Q2- 2N3906 pnp transistor 

Capacitors 
Cl,C2,C4 -47 -pF disc 
C3,C7,C14- 0.1 -µF, 16 -volt disc 
C5 -1 -µF, 16 -volt radial -lead tan- 

talum 
C6,C8- 0.001 -µF polyester 
C9- 100 -µF, 16 -volt radial -lead elec- 

trolytic 
C10, C12-0.0047-AF polyester 
C I I- 0.1 -µF polyester 
C13- 4.7 -µF, 25 -volt radial -lead elec- 

trolytic 
C15- 1000 -µF, 25 -volt radial -lead elec- 

trolytic 

R16' 
100K 

VOLUME 

R10 

470 

( 

J1 

o 

4.7K 

R13 

10K 

R12 

02 
2813906 

.1 

R11 

100K 

0 C13 
R9 4.7pF 

10K 

C12 
.00478F 

IC2 
LM380N 

S2' P1 5 7 10 11 12 

PARTS LIST 

C16- 220 -µF, 16 -volt radial -lead elec- 
trolytic 

Resistors (1/4-watt, 5% tolerance) 
R1,R9,R13- 10,000 ohms 
R2,R7,R8,R11- 100,000 ohms 
R3- 15,000 ohms 
R4,R12 -4700 ohms 
R5 -560 ohms 
R6- 470,000 ohms 
R10 -470 ohms 
R14 -1000 ohms 
R15 -3300 ohms 
R16- 100,000 -ohm linear -taper po- 

tentiometer with pull -on /push -off 
switch (Radio Shack No. 271 -1722) 

R17- 10,000 -ohm linear -taper potenti- 
ometer 

Miscellaneous 
J1 -6 -pin socket header (Calectro No. 

41 -046)- optional; see text 
J2 -4 -pin socket header (Calectro No. 

41 -044)- optional; see text 
P1 -6 -pin plug (Calectro No. 41 -126) 

-optional; see text 

NOTE: 

'S2 and 816 are ganged 

C15 
10005F 1N4002 

D2 

D4 
1N4002 

^ = 03 
1N4002 

181D1 4002 

To 12V an 

wall transformer 

P2 -4 -ping plug (Calectro No. 41 -124) 
-optional; see text 

P3 -Phono plug 
S1 -Spst switch (part of R16) 
S2- Miniature spst toggle switch 
SPKR -2 '/2 " 8 -ohm speaker 
12 -volt ac, 250 -mA plug -in wall trans- 
former; printed circuit board; 14 -pin IC 
socket; 4 " x 4 " x 2 " metal box (see text); 
2 control knobs; RG -174 or microphone 
cable; phono jack; % " spacers (thread- 
ed for 4 -40 hardware); rubber grommet; 
No. 6 solder lug; heat -shrinkable tubing 
(optional); dry- transfer lettering kit; 
clear acrylic spray; 4 -40 machine hard- 
ware; solid and stranded hookup wire; 
solder; etc. 

Note: Etched and drilled No. EXPI printed - 
circuit board is available for $10.00 (+ 
60¢ tax for California residents) from: 
Mendakota Products, P.O. Box 2296; 
1001 W. Imperial Hwy., La Habra, CA 
90631. 

frequency of the FM station tuned. 
Figure 1 is an idealized representa- 
tion of the signals and shows only the 
basics. The lower sideband from 
- 75 kHz to 0, for example, is left out 
because it is a mirror image of the 
drawing. In practice, the bandwidths 
of the various programs will vary 
with the program material. Also, the 
amplitudes of the L - R stereo and 
ARI subcarriers will vary with pro- 

gram peaks. The L + R main pro- 
gram is the audio you would hear if 
you were using a mono FM receiver. 
It covers a 50 -Hz to 15 -kHz range. 

The 19 -kHz "pilot" carrier is the 
key to receiving stereo and Automo- 
bile Radio Information (ARI) pro- 
grams. It does not carry any audio 
signals. Centered on 38 kHz, the L - 
R stereo signal covers the 23- to -53- 
kHz range. It is a double -sideband 
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signal. The stereo decoder inside 
your FM receiver doubles the 19 -kHz 
pilot carrier to 38 kHz, which is used 
to detect the L -R signal. Ultimate- 
ly, the L + R and L -R signals are 
combined (matrixed) to form left - 
and right -channel stereo sound. 

ARI signals are also in double - 
sideband format and are centered on 
57 kHz. The decoder inside the re- 
ceiver multiplies the 19 -kHz pilot 



carrier to 57 kHz that is then used to 
detect ARI announcements. 

The ARI system is a lot more than a 
57 -kHz signal. Also broadcast is a 
21:1-to- 120 -Hz tone, related to differ- 
ent traffic zones and selected by the 
listener who wants to hear traffic an- 
nouncements that apply to a particu- 
lar area. The decoder rejects unse- 
lected tones, preventing the listener 
from hearing unwanted ARI reports. 
(Note that you cannot receive ARI 
signals with the Explorer because it 
does not contain the circuitry for de- 
tecting double -sideband signals.) 

Topping the FM spectrum is the 
SCA signal. It is a narrow, low -level 
FM signal that is centered at 67 kHz. 
SCA covers 59.5 to 74.5 kHz, giving 
only a 7.5 -kHz bandwidth. This ex- 
plains why background music heard 
in stores and other places tends to 
lack treble sounds. 

About the Circuit 
Our Explorer SCA adapter, shown 
schematically in Fig. 2, contains a 
tunable phase -locked loop (PLL) 
with squelch and an amplifier that 
drives a small speaker. Tuning range 
is 53 to 97 kHz, permitting reception 
of any signal within that range, in- 
cluding SCA signals. 

Incoming SCA signals are tapped 
from the FM detector inside your re- 
ceiver or tuner and are coupled into 
the Explorer via P3. (Proper connec- 
tion of the Explorer to your receiver/ 
tuner will not affect stereo reception 
nor degrade overall performance in 

any way.) 
A high -pass filter consisting of CI, 

C2 and RI strips regular FM audio 
from SCA signals to reduce annoying 
interference. Then the SCA signals 
are amplified by QI, which compen- 
sates for filter losses. The output 
from Ql drives the ICI PLL circuit 
through C4, which serves as another 
high -pass filter. 

The Exar XR -2211 PLL used for 
IC1 was originally designed for com- 
puter modems, but it gives excellent 

Fig. 3. Shown at the top is the actual -size etching -and- drilling guide to use when 

fabricating your own printed- circuit board. Install components on this board as 
shown in placement /orientation diagram at the bottom. 

results as a tunable decoder and con- 
tains a detector for a squelch circuit. 
Squelch is desired in this application 
because it prevents you from hearing 
background noise when the SCA sub - 
carrier goes off -the -air. 

Capacitor C5 and resistor R6 af- 
fect the response time of the squelch 
circuit. They keep noise and interfer- 
ence from falsely triggering the 
squelch. Capacitor C6, resistor R9 
and TUNING control R17 set the tun- 
ing frequency of the Explorer. They 
vary the frequency of a voltage -con- 
trolled oscillator (vco) inside ICl. 
Capacitors C8 and C10 and resistors 
R7 and R8 make up a loop filter that 

stabilizes the ICI PLL circuit. At the 
same time, the filter reduces high -fre- 
quency content of the audio signal, 
which is intentionally boosted (pre - 
emphasized) by FM broadcasters. 

Audio at the output of the PLL cir- 
cuit is filtered by a low -pass filter 
comprised of C12 and R11 and is 

passed through f1 and PI to VOLUME 

control R16. 
Next comes the squelch circuit. 

The output of the squelch circuit is at 
pin 6 of ¡Cl. When the Explorer de- 
tects that the SCA channel has gone 
off -the -air, the signal at pin 6 of ICI 
goes low. Then through MUTE switch 
S2, transistor Q2 turns on and shuts 
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Timesaving Service for Motorists 

The Automobile Road Information 
service (ARI for short) is a relatively 
new -in the U.S.- broadcast service 
designed to help motorists from being 
caught in traffic tieups. ARI is transmit- 
ted as a subchannel program on FM sta- 
tions in a manner similar to that used for 
standard SCA broadcasts. A special de- 
coder, available only by rental, is re- 
quired to receive these broadcasts. 
Therefore, the Explorer SCA adapter 
described in the body of this article can- 
not be used to receive this service. We 
mention the ARI service here because it 
is similar in operating principle to stan- 
dard SCA services and because of its im- 
portance to the motorist. 

ARI can provide you with advance 
warning of accidents, road closings and 
other conditions that can snarl traffic. 
By advising you of hazardous driving 
conditions on roads, caused by bad 
weather, it can save lives during an 
emergency where seconds count. 

ARI made its first appearance in the 
U.S. in 1981 (it has been in use in Eu- 
rope since the early 1970s) when it quiet- 
ly underwent tests to determine if inter- 
ference problems existed. Passing the 
tests handily, the system was inaugurat- 
ed in New York in April 1983 with four 
FM stations covering the metropolitan 
New York City area. By the end of 1985, 
a projected 20 more metropolitan U.S. 
areas were to have ARI service, plus a 
few areas in Canada. Considering the 
importance of this service, you can ex- 
pect its popularity -and coverage -to 
grow in the near future. 

Stereo receivers used for ARI recep- 
tion look and install like other auto - 
sound units, except that they have ARI 
controls. The equipment ranges from 
two manually operated decoders that 
mount under the dashboard to com- 
plete receivers with built -in ARI decod- 
ers. At present, all ARI receivers and ac- 
cessories are manufactured by Blau- 

A low -cost ARI decoder accessory made by Blaupunkt. 

A Blaupunkt electronically tuned AM /FM stereo cassette car radio equipped with night il- 
lumination and a built -in ARI decoder. 

punkt (distributed in the U.S. by Robert 
Bosch Sales), but other manufacturers 
are expected to introduce ARI- equipped 
models this year. 

Manually operated decoders are low - 
cost accessories intended to upgrade 
older Blaupunkt radios for ARI recep- 
tion. One Model is for analog- tuned, 
the other is for digital -tuned radios. Ei- 
ther decoder plugs into a jack on the ra- 
dio, with no other modifications re- 
quired. Reception of an ARI broadcast 
is simply a matter of turning on the de- 
coder and tuning in the station assigned 
to the area. An indicator light shows the 
"traffic zone," verifying that the prop- 
er station is being received. If the ARI 
signal is lost, a warning tone sounds 30 
seconds later. 

There is an important distinction be- 
tween analog and digital accessories. 
With the analog model, tuning is done 
by FM station at the receiver, while with 

the digital model, tuning is done by traf- 
fic zone at the decoder. More effort is 
required with the analog model, with 
tuning proceeding until the proper traf- 
fic zone is displayed. With the digital 
model, the desired traffic zone is select- 
ed by pushing a button. The receiver 
then scans the FM band until the station 
broadcasting the corresponding code is 
found and then stops scanning. Thus, 
the digital model is easier to use. How- 
ever, the ultimate choice is determined 
by receiver choice -not convenience. 

Deluxe model car radios have the 
ARI decoder built in. They have only an 
on /off switch and zone display for the 
ARI function. In operation, the user 
simply selects the desired traffic zone by 
pushing a button. The radio scans for 
the proper station and announces re- 
ports from that zone. As with manual 
decoders, a warning tone sounds if the 
ARI signal is lost. 

off IC2, silencing the speaker when 
an SCA program goes off the air. Ca- 
pacitor C13 minimizes turn -on 
thump that occurs every time the 
squelch circuit deactivates and re- 

duces hum from the speaker. 
The speaker is directly driven by 

IC2. Power is provided by an ac 
adapter, with 15 volts dc going to IC2 
and 9 volts dc (via zener diode D5) go- 

ing to the PLL circuit. 
This concludes Part 1. Next 

month's conclusion will cover con- 
struction details and explain how to 
set up and use the Explorer. IEE 
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