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A Smart Weather Monitor 
(Part IV) 

Construction details for A /D Memory Expansion and 
Keyboard modules, sensor /cable fabrication and chassis work 

By Tom Fox 

Last month, we explained how 
the A/D Memory Expansion 
modules work in concert 

with the CPU and Display modules 
covered in Parts I and H. In this latest 
installment, our focus is on wiring of 
the A/D and Keyboard printed -cir- 
cuit boards, chassis work, and put- 
ting together the sensor /cable ar- 
rangements required for taking tem- 
perature, light and humidity readings 
with WISARD. In the final install- 
ment, which will be presented next 
month, we will discuss placement of 
the sensors to obtain the most accu- 
rate and reliable readings, getting 
WISARD up and running and some 
hardware and software modifica- 
tions you can make to expand upon 
WISARD's basic configuration. 

Construction 
Use of printed- circuit boards for 
these two modules is highly recom- 
mended because the A/D Memory 
Expansion module circuitry is quite 
complex and the Keyboard module 
will be subjected to mechanical 
stresses under normal keying pres- 
sure. Of course, if you prefer, you 
can assemble the circuitry on perfor- 
ated board that has holes on 0.1 -inch 
centers and suitable Wire Wrap or/ 
and soldering hardware instead of pc 
boards if you wish, but be extra care- 
ful with wire runs, especially on the. 
A/D board. Also, whichever board 
medium you choose, use sockets for 
all DIP ICs. 

From this point on, we will assume 
printed -circuit construction. If you 
are using perforated board, make 
whatever adjustments are needed in 
the construction details for them. 

Fabricate the double- sided A/D 
Memory Expansion board using 
the actual -size etching- and -drilling 
guides in Fig. 12. If you prefer not to 
home fabricate this fairly complex 
board, a ready -to -wire board with 
plated- through holes is available 
commercially from the source given 
in the Note at the end of the A/D 
Module Parts List. 

Place the blank pc board on your 
work surface in the orientation 
shown in Fig. 13. Begin populating it 
by installing and soldering into place 
the DIP IC sockets. If your board 
does not have plated -through holes, 
substitute Molex Soldercon socket 
strips instead to give you soldering 
access on both sides of the board. In 
this case, solder all connections -not 
just the socket pins -to the pads on 
both sides of the board. Do not in- 
stall the ICs in the sockets until after 
initial voltage checks have been per- 
formed and you are satisfied that 
your wiring is correct. 

Next, install and solder the three 
male headers (P406, P407 and P408) 
into place in the indicated locations. 
Make certain you mount these on the 
solder (bottom) side of the board be- 
fore soldering them into place. These 
connectors must plug into mating 
sockets already installed on the CPU 
module, where they provide electri- 
cal connections and mechanical sup- 
port for the assembly. 

Power supply connector P1001AD 
can be of any convenient type. In 
fact, if you wish to save a few dollars 
on the cost of the project, you can eli- 
minate the connector altogether and 
replace it with a wire cable that di- 
rectly interconnects the A/D and 
CPU modules. (The A/D module re- 
quires connection to the Enable line 
of the MCU; so, at least one wire 
must be connected to the CPU 
module.) 

In the author's prototype, a con- 
nector similar to Digi -Key's Part No. 
WM4406 was used. If this particular 
connector is used on the CPU and 
A/D modules, a short six- conductor 
cable (or six separate wires) with a 
suitable plug -such as the Digi -Key 
Part No. WM2106 -at each end can 
be used to bridge the two. 

No particular connectors are speci- 
fied in the Parts List for the tempera- 
ture sensor cables. The cables can be 
connected directly from TS1 and 
TS2. Ten -pin male headers P408A 
and P406A are optional. Their pur- 
pose is to make further expansion of 
WISARD a bit easier to accomplish. 
If you use them, mount these connec- 
tors on the component side of the 
circuit -board assembly. 

Now mount and solder into place 
the small components, beginning 
with the resistors and diodes and 
working your way up through the ca- 
pacitors. Make sure that the diodes 
and electrolytic capacitors are pro- 
perly oriented before soldering their 
leads into place. 

When the A/D Memory Expansion 
module is completed, visually inspect 
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both sides of the assembly. Solder 
any connections you missed, and re- 
flow the solder on any suspicious 
connections. Check for solder bridges, 
particularly between the closely 
spaced IC pads. Use desoldering 
braid or a vacuum -type desoldering 
tool to remove any you find. 

Set aside the A/D Memory Expan- 
sion module and proceed to Key- 
board module assembly. Because of 
the relative simplicity of this module, 
a printed- circuit board is not needed, 
though one is recommended just the 
same. You can fabricate this board 
using the actual -size etching -and- 
drilling guide shown in Fig. 14. 

When the board is ready, place it 
on your work surface oriented as 
shown in Fig. 15. Begin assembly by 
installing and soldering into place the 
20 keyswitches in the indicated loca- 
tions on the solder side of the board. 
The conductor pattern accepts 
momentary- contact pushbutton 
switches made by Panasonic and sold 
by Digi -Key as Part No. P9952. (If 
you wish to keep down the cost of 
building this project, use only the 13 

switches that have functions assigned 
to them, as detailed in Fig. 11. Also, 
if you have no plans to modifying the 
project, eliminate 1C303, R301 
through R308, P301 and C306.) 
Then install and solder into place the 
sockets for the ICs, but do not plug 
the ICs into the sockets yet. 

Install and solder into place the re- 
sistors and capacitors. Make sure 
electrolytic capacitors C304 and 
C305 are properly oriented before 
soldering their leads into place. 

It is highly recommended that you 
remove pin 19 from P301 and install 
a polarization key in socket pin 19 of 
the cable from the CPU board. 

The enclosure in which you house 
WISARD can be any type that is 

Fig. 12. Actual -size etching -and- 
drilling guide for A/D Memory Ex- 
pansion module printed -circuit board. 
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Fig. 12 (Continued). 

large enough to accommodate all the 
assemblies that make up the project. 
For the prototype, shown in the lead 
photo, the author used a Digi -Key 
Part No. L131 -ND aluminum con- 
sole. This enclosure is very roomy 
and well -made, but it is rather expen- 
sive at about $35. 

If you want to cut costs, your 
choice of an enclosure is an excellent 
place to start. For example, you can 
fabricate a suitable enclosure. Alter- 
natively, you can look around for a 
used console. Whatever cabinet you 
decide upon, it should ideally be 
made from a conducting material to 
minimize rfi. 

When machining the enclosure, 
drill mounting holes for the circuit - 
board assemblies and commercial 
power -supply module (see Part II for 
details on ratings). Then drill an en- 
try hole for the ac line cord and sep- 
arate entry holes for each of the ca- 
bles for the five sensors described so 
far. Also cut the rectangular slot for 
the display window and the square 
slot for the keyswitch cluster on the 
bottom of the keyboard module. 

The slots are easiest cut using a 
nibbling tool, after first drilling pilot 
holes. Alternatively, you can drill 
small holes in each of the four cor- 
ners of the slot areas and use a thin 
abrasive wheel chucked in a rotary 
tool (such as a Moto -Tool), but be 
sure to wear safety goggles if you go 
this route. If you do not have a nib- 
bling tool or Moto -Tool, drill a series 
of small interconnected holes around 
the entire perimeter of the cutouts to 
remove unwanted material and then 
follow up with a file to square up and 
smooth the edges. 

Whichever method you choose, 
deburr all sharp cut and drilled slot 
and hole edges and line the entry 
holes for the ac line cord and sensor 
cables with small rubber grommets. 

When the enclosure is ready, paint 
it, if desired. When the paint has 
completely dried, use a dry- transfer 
lettering kit to label the panel just be- 
low the keypad, as shown in the lead 
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photo and Fig. 11. Protect the letter- 
ing with two or more light coats of 
clear acrylic spray. Allow each coat 
to dry before spraying on the next. 

Glue a red plastic filter over the 
display slot from the inside of the en,- 

closure. When the glue sets, mount 
the display module to the panel, us- 
ing 'A-inch spacers with a lockwasher 
at each end and 4 -40 x 3/4-inch ma- 
chine screws and nuts. Then mount 
the keyboard module in place with 
4 -40 x 'A-inch machine screws and 
nuts. To make sure that the keyboard 
module is electrically insulated from 
the metal panel, place two or three 
washers or a machine nut between 
the panel and circuit-board assembly 
at each of the four screw locations. 

Route the ac line cord for the pow- 
er supply through its grommet -lined 
hole and tie a strain -relieving knot in 
it 6 inches from the unconnected end 
inside the enclosure. Tightly twist to- 
gether the fine wires in each conduc- 
tor and sparingly tin them with sol- 
der. Connect and solder the conduc- 
tors to the selected power supply 
module. Then mount the power sup- 
ply in its selected location with suit- 
able machine hardware. 

Mount the CPU module to the 
floor of the enclosure with 'A-inch 
spacers, 4 -40 x 3/4 -inch machine 
screws and nuts and lockwashers. 
With no ac power applied to and no 
back -up batteries installed in the 
project, plug the A/D module into 
the CPU module by carefully insert- 
ing P406, P407 and P408 on the A/D 
module into S406, S407 and S408, 
respectively, on the CPU module. 
Note that the ICs should still not be 
installed in their sockets at this time. 

Connect the keyboard module to 
the CPU module in the same manner 
you used to connect the display mod- 
ule in Part II. However, make certain 
you use connector P 15K -CPU on the 
CPU module this time to make the 
connection. Also, be certain you con- 
nect the power and ENABLE lines to 
P10001AD in proper polarity. 

Shown in Fig. 17 is an interior view 
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Fig. 13. Wiring guide for A /D module. 
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Fig. 14. Actual -size etching- and -drilling guide for Key- 
board module printed- circuit board. 

of the author's prototype with the 
top of the console swung up. As you 
can see, the commercial power -sup- 
ply module is shown mounted to the 
left of the CPU and A/D modules on 
the floor of the enclosure. The key- 
board and display modules are 
shown mounted in their respective lo- 
cations on the sloping control panel 
of the enclosure. The black -tape- 
wrapped item shown in front of the 
power -supply module is an optional 
panel- mounted bayonet fuse holder 
that can be wired into the primary 
side of the transformer in the power - 
supply module. 

Preliminary Checkout 
With all cables connected, apply 
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Wiring guide for Keyboard module. 

power to WISARD. Use a dc voltme- 
ter or a multimeter set to the dc -volts 
function to perform preliminary 
voltage checks. Since all measure- 
ments are to be made referenced to 
circuit ground, clip the common lead 
of the meter to a suitable ground 
point on the A/D module. 

Now, touching the "hot" probe of 
the meter to pin 24 of the 1C207 soc- 
ket should yield a meter reading be- 
tween + 4.8 and + 5.25 volts. Pin 12 

of this socket should be at 0.0 volt. 
You should obtain a reading between 
+ 4.8 and + 5.25 volts at pin 20 of the 
1C301 socket on the keyboard cir- 
cuit -board assembly, and pin 10 of 
this socket should be at 0.0 volt. 

Now measure the voltage at all 

+ 5 -volt power supply pins of all IC 
sockets, referring back to Fig. 1 and 
Fig. 2. Your readings should be close 
to + 5 volts, though you might ob- 
tain a shade different readings from 
the rest at the 1C202 and IC205 soc- 
kets. The measurement at pin 4 of the 
1C214 socket should be close to + 12 

volts and at pin 11 should be close to 
-5 volts. This completes the voltage 
checks. Whether you obtained the 
proper readings or not, turn off pow- 
er to the poject. 

If everything appears to be normal 
up to this point, install 1C209 in its 
socket, making sure that it is proper- 
ly oriented and that no pins overhang 
the socket or fold under between IC 
and socket. Turn on the power and 
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adjust R229 for a reading of 5.00 
volts at pin 6 of IC209. 

Turn off power to the project and 
install the remaining ICs in their re- 
spective sockets. Again, make sure 
each IC is properly oriented, that no 
pins overhang the sockets and that no 
pins fold under between ICs and soc- 
kets. Then install the fully charged 
back -up battery. If optional RAM 
IC202 is not used by custom firm- 
ware, do not install IC202 or IC205. 
These ICs will only be an unwanted 
drain on the back -up battery. 

Once the project has passed these 
tests, fabricate the sensor /cable as- 
semblies. There are four such sensor/ 
cable assemblies that are normally lo- 
cated remotely from the project it- 
self. The fifth, TS1, samples the tem- 
perature inside the project and mounts 
directly on the A/D circuit -board as- 
sembly. When installing TS1, be sure 
to properly orient it before soldering 
its leads into place. 

Cables for the sensors are all sim- 
ple two- conductor lines and can be 
either light -duty zip cord or plastic - 
jacketed two -conductor cable. Use 
cable that has easily identified con- 
ductors, either ribbing of the insula- 
tion on one conductor of zip cord or 
two different colors of insulation on 
plastic -jacketed cable. Before you 
cut any of these to length, decide on 
where you will locate the WISARD 
console and the individual sensors. 
Obviously, the shortest distances be- 
tween sensors and console are pre- 
ferred to keep down line attenuation. 

Begin fabrication by cutting to 
length the four cables needed. Add 
about 6 feet to the measured length 
for the cable to permit moving the 
console if needed. If you are using zip 
cord, separate the conductors at both 
ends of all cables a distance of 11/ 
inches. If you are using plastic -jack- 
eted cable, remove 11/2 inches of out- 
er plastic jacket. Then strip 1/ inch of 
insulation from both ends of all con- 
ductors, tightly twist together the ex- 
posed fine wires and sparingly tin 
them with solder. 

Route one end of each cable 
through its own rubber- grommet- 
lined hole into the enclosure. Tie a 
strain -relieving knot in each cable 10 
inches from the free end inside the 
enclosure. Separate the conductors 
of three cables an additional 2 inches 
(or remove an additional 2 inches of 
outer plastic jacket) at the ends inside 
the enclosure. Plug the conductors of 
one cable into the MOISTURE SENSOR 
and any available nearby ground 
holes and solder into place. Plug the 
conductors of a second cable into the 
QI EMITTER and any nearby + 5 -volt 
holes and solder into place. Similar- 
ly, plug the conductors of the third 

cable into the Q2 EMITTER and any 
nearby + 5 -volt holes and solder into 
place. The free ends of the remaining 
cable solder into the TS2 holes in the 
A/D circuit -board assembly. 

Refer now to Fig. 17 for fabrica- 
tion details at the other ends of the 
QI, Q2 and TS2 sensor cables. All 
three of these sensors mount on 
blocks of lumber that have been 
drilled as shown to permit mounting 
of the assemblies in the selected out- 
door locations. A screw -type baby 
juice jar is ideal to protect the sensors 
from rain, sleet and snow. 

After drilling the holes specified 
sand the lumber smooth and paint all 

Fig. 16. Interior view of author's prototype built into custom console enclosure. 
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surfaces with outdoor -rated enamel. 
Give the lumber two coats of paint, 
waiting for the first coat to complete- 
ly dry before painting on the next. 
When the paint has completely dried, 
route the free ends of the cables 
through the drilled holes as illustrat- 
ed, leaving about 2 inches of free ca- 
ble visible from the tops of the boards. 

Now drill a 1/4- inch -diameter hole 
in the center of the fruit -juice jar lids 
and Vs- inch -diameter holes to either 
side of this one as shown. Set the lids 
into place on the painted lumber, 
routing the free ends of the cables 
through the holes. Secure each lid in 
place with a small woodscrew. 

Trace each cable back to its source 
and place and label each according to 
the sensor with which it is to be ter- 
minated. Also identify the polarity of 
each temperature- and light- sensor 
cable conductors. Then cut to length 
six 1 -inch lengths of small- diameter 
heat -shrinkable tubing. 

Slide a piece of tubing onto each of 
the conductors of all but the MOIS- 

TURE SENSOR cable. Clip the emitter 
lead of one TIL78 phototransistor to 
'/a inch in length and form a small 
hook in the remaining lead stub. 
Crimp the conductor of the cable 
that originates at the C6 /R14 /R15/ 
R18 junction on the CPU module to 
this emitter lead and solder the con- 
nection. Then repeat the procedure 
for the collector lead and the conduc- 
tor that originates at the + 5 -volt 
bus. Slide the tubing up over the sol- 
dered connections until it is flush 
with the phototransistor's case and 
shrink into place. 

Repeat the above operation for the 
other phototransistor, connecting its 
emitter lead to the Q2 cable conduc- 
tor that originates at the C7 /R22/ 
R16 /R21 junction on the CPU mod- 
ule and the collector lead to the re- 
maining conductor of this cable. 

Clip the + lead of the LM335 to 'h 
inch in length and form a small hook 
in its stub. Crimp this lead to the TS2 

cable conductor that originates at the 
R206/R221 junction on the A/D 

module and solder the connection. 
Then repeat for the - lead and re- 
maining conductor of the cable. 
Once again, slide the tubing up over 
the connection until it is flush with 
the bottom of the case of the LM335 
and shrink into place. 

Screw the fruit -juice jars onto the 
caps to see if they touch the tops of 
the sensors. If any do, gently but 
firmly pull on the cables to reduce the 
amount sticking up through the holes 
in the lids until no sensor touches the 
glass jar. 

Remove the jars from the lids. Seal 
the cable entry and exit holes and the 
screw heads with silicone sealer. 
Allow the sealer to fully cure for at 
least 24 hours before screwing the 
glass jars onto the lids. 

Meanwhile, plug the conductors at 
the free end of the remaining cable 
into the holes in the home -made 
moisture sensor (see Part II) from the 
copper -trace side of the board and 
solder into place. Turn over the 
board and clip the protruding leads 
flush with the surface of the board. 

Drill a '/4 -inch hole in each of the 
four corners of a 5 x 5 x '/4 -inch 
piece of Lucite or similar plastic. Use 
two strips of double -sided foam tape 
to secure the sensor to the plastic 
plate, centering it all around. 

Place over the cable a small U- 
shaped plastic or metal cable clamp, 
positioning the clamp about 'h inch 
away from the sensor. Mark the loca- 
tions for the two holes for the cable 
clamp on the plastic plate. Drill the 
two holes, making them just large 
enough to accommodate small sheet - 
metal screws. 

Secure the cable to the plastic plate 
using the cable clamp and '/4 -inch- 
long sheet -metal screws. 

Operational Tests 

Set S1 and S2 to ON and S3 and S4 to 
OFF (these switches are located in the 
DIP switch assembly on the CPU 
module). Plug the project into the ac 
line and turn on power. The display 

should flash on and off the message 
"6803UP." If not, power down the 
project and remove the A/D module. 

If when you restore power to the 
project the "6830UP" message now 
flashes, there is likely a short circuit 
in the address or data bus for the 
A/D module. If the display appears 
"dead" or "resting," power down 
the project and remove the cable 
from the Keyboard module. Now if 
the test message appears when you 
restore power, there is a short circuit 
in the data bus or address line of the 
keyboard. If the message still fails to 
appear in the display, refer to Part II 
for hints on troubleshooting the 
CPU module. 

Once you get the "6830UP" mes- 
sage to appear in the display, turn off 
the power and set S2 to OFF. When 
power is restored, the display should 
alternately flash " 1.00 A" (the pre- 
programmed start time) and then a 
temperature reading in Fahrenheit 
and Celsius. The trailing "i" you see 
in the display at this point indicates 
the display is of the inside tempera- 
ture. A different temperature with a 
trailing "o" should appear in this 
display, this for the "outside" tem- 
perature reading. 

If WISARD fails to perform as de- 
scribed, power down the project and 
use an ohmmeter or audible continui- 
ty tester to check for continuity be- 
tween the A/D and CPU modules. 
Also, check all connections, especial- 
ly those to the 1C210 and 1C207 sock- 
ets. As a last resort, try replacing 
1C210, 1C203, 1C204, 1C213, 1C206, 
1C208 and 1C207. 

Set the clock and calendar by first 
pressing the TIME SET switch, which 
causes an "S" to periodically appear 
in the display, indicating that the 
clock can be set. Hours, minutes, 
month, days and years are set by 
pressing the appropriate switch the 
necessary number of times. Then to 
start the clock you again press the 
TIME SET switch at the exact second. 
(Note: If a time or date switch is 
pressed before pressing the TIME SET 
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or DISPLAY switches, the message 
"ErrOr" will appear in the display.) 

A quick and easy way to calibrate 
the temperature circuit is to use a 
digital dc voltmeter or multimeter set 
to the dc- volts function. Connect the 
common lead of the meter to circuit 
ground. Power up the project and ad- 
just R210 and R217 for a 2.33 -volt 
reading at each of their center (wiper) 
lugs. This method of calibration re- 
sults in a typical error of 1 ° C(2 ° F), 
but it could be as much as 10 ° F! 

For guaranteed accuracy, it is best 
to use the "ice point" of water for 
calibration purposes. Half -fill a small 
plastic bucket with small ice cubes or 
crushed ice and add water until the 
bucket is about 75 percent full. As- 
suming you have waterproofed the 
sensors, place both temperature sen- 
sors in the ice -water mixture. Stir the 
mixture for a few minutes. Then set 
R210 and R217 for a 32 ° F (0 ° C) 
display for both temperature readings 
(trailing "i" and trailing "o "). Be- 
cause of the nature of the sensors and 
use of precision resistors, only a sin- 
gle -point calibration is required. 

Now wet the moisture sensor. The 
display should now flash "rAIn," af- 
ter the indoor and outdoor tempera- 
tures are displayed. Place SUN sensor 
QI in sunlight and adjust R20 so that 
the display flashes "SunnY." Place 
this sensor in a room with average 
lighting. The display should no lon- 
ger show "SunnY." If it does, read- 
just R20 until this message disap- 
pears. Then go back to bright sun- 
light conditions and check to make 
sure the "SunnY" message returns. 
If necessary, repeat the adjustments 
under both conditions until you ob- 
tain the correct responses. 

To adjust the "daylight" sensing 
circuit, use a meter to monitor the 
voltage of pin 7 of IC8. Place LIGHT 
sensor Q2 in a dimly -lit -but not 
dark -area. Adjust R25 until the 
measured potential on pin 7 of IC8 
just drops to between 0.0 and 0.3 
volt. When you place Q2 in total 
darkness, the potential on pin 7 

Phototransistor 

Conductor with darker insulation 
goes to collector lead 

Screws 
2 reqd 

Solder connections and transistor leads 
insulated with heat -resistant tubing 

2- conductor cable 

Baby juice lid 

3 /a" Dia. 

NOTE: 
All dimensions except holes are 
approximate. 

Fig. 17. Details for finishing off input cables with sensors. Infant juice jars with 
screw -on lids make ideal see -through weather sealers for sensors. 

should rise to nearly + 5 volts. 
To use the serial interface, you 

need a printer, terminal or computer 
that has terminal- emulation soft- 
ware and a serial interface that can be 
set to 4,800 or 600 baud. The follow- 
ing assumes that a printer is being 
used. Many printers with a serial in- 
terface require only three conductors 
at their RS -232 connectors. Those 
that require more can be made to 
work by appropriate placement of 
jumpers and other educated "fixes." 

WISARD sends data on pin 3, and 
its Request To Send (RTS) input is on 
pin 4 of its RS -232 connector. Pin 7 is 
ground. All pin numbers correspond 
to standard RS -232 connections. For 
4,800 -baud operation, set S4 to ON 

and for 600 -baud, set it to OFF. The 
baud rates of WISARD and the 
printer must be identical. 

Before connecting the printer to 
WISARD, turn off the power to both 
units. WISARD "reads" S4 only on 
power -up. Connect the printer to the 
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project and turn on the printer and 
then WISARD. After a few seconds, 
the printer should print a message 
that starts: "WISARD (ME1)- 
FIRMWARE(WISCPUBD) ver 
I .XME (F1)." The "power -on" time 
and date and present outside temper- 
ature are also displayed. 

Now press the PRINT key. Most, if 
not all, temperatures on the printout 
have question -mark entries. This 
means WISARD had its power off at 
the times listed. If there are no miss- 
ing characters, everything is prob- 
ably working properly. If characters 
are missing, or the printer appears to 
be dead, the most likely cause is a 
handshaking difficulty. If this is the 
case, disconnect pin 4 from WIS- 
ARD's RS -232 interface from pin 4 
of the printer's interface and try con- 
necting it to pin 5 on the printer. 

If the printer still does not respond 
properly, try connecting WISARD's 
RTS input to pin 6 or even pin 20 of 
the printer's interface connector. If 
the problem still persists, read the 
manual supplied with the printer. 
With information from the printer 
manual and a working knowledge of 
WISARD, you should be able to 
achieve compatibility. 

Coming Next Month 
Next month, we will discuss sensor 
placement and details on using WIS- 
ARD, including specifics on control- 
ling alarms, heaters and other heavy - 
duty electrical equipment. We will 
also include hints on modifying the 
firmware to suit specific needs and 
the equipment needed to modify the 
firmware. AE 

LEARN_ V( "R 
CLEANING /MAINTENANCE /REPAIR 
EARN UP TO $1000 A WEEK,WORKING 
PART TIME FROM YOUR OWN HOME! 

11> 

NO Special 
Tools or 

Equipment 
Needed. 

THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 

IF you are able to work with common small hand 
tools, and are familiar with basic electronics (i.e. able to 
use voltmeter, understand DC electronics) .... 

IF you possess average mechanical ability, and have 
a VCR on which to practice and learn . .. then we can 
teach YOU VCR maintenance and repair! 

FACT: up to 90% of ALL VCR malfunctions are due to 
simple MECHANICAL or ELECTRO- MECHANICAL 
breakdowns! 

FACT: over77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 

months! 
Viejo's 400 PAGE TRAINING MANUAL (over 500 

photos and illustrations) and AWARDWINNING VIDEO 
TRAINING TAPE reveals the SECRETS of VCR mainte- 
nance and repair -"real- world" information that is NOT 
available elsewhere! 

Also includes all the info you'll need regarding the 
BUSINESS -SIDE of running a successful service opera- 
tion! 

FREE INFORMATION 
CALL TOLL -FREE 1.800. 537 -0589 

Or write to: 
Viejo Publications 

3540 Wilshire BL. STE 310 
Los Angeles, CA 90010 Dept ME 

CIRCLE NO. 173 ON FREE INFORMATION CARD 

Organize and Protect 
Your Copies of 

Now there's an easy way to organize and keep copies of your 
favorite magazine readily available for future reference. 

Designed exclusively for AE by Jesse Jones Industries, 
these custom -made titled cases and binders provide the lux- 
ury look that makes them attractive additions to your book- 
shelf, desk or any location in your home or office. 

Whether you choose cases or binders, you'll have a storage 
system that's durable and well organized to help protect your 
valuable copies from damage. 

Cases and binders designed to 
hold a year's issues (may vary with 
issue sizes). 
Constructed of heavy reinforced 
board, covered with durable 
leather -like material. 
Title hot -stamped in gold. 

Free personalization foil for index- 
ing year. 
Cases V- notched for easy access. 
Binders have special spring mech- 
anism to hold individual rods 
which easily snap in. This alllows 
magazines to be fully opened for 
easy readability. 
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