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Rainbow’s

Electronic
Educational Block
Kits

Application Manual.

We like to think of each kit in this
series as a “block™ of electronic
knowledge, but beyond that, they
are literally “building blocks™ - if
you put enough of them together,
pretty soon you have a nice elec-
tronics project. Or, think of each
BLOCK as a design platform you can use your imagina-
tion to build on.

One thing is certain, though:

You are the Applications Engineer!
Don’t be scared. Engineering is simply making
something work! Therefore, if you want something
to work in a certain way, you have to make it work
that way! We’ll help by showing you some of the
hows, whys, and “tricks of the trade.” but when all is
said and done — it’s your project, and you may have
to “fiddle” with it to make it work.
(But don’t worry - the learning is in the “fiddling.”
So is the fun!)

Here’s your first tip: look at the data sheets for the vari-
ous chips used in these kits. You probably won’t under-
stand all of what’s in them, but - in addition to telling us
crucial things (like maximum supply voltage, maximum
current draw, etc.), many of them have application notes
and sample circuits. And usually, if you hook up a chip
the way the Data Book says to, the circuit works ...

Now, I hear what you’re saying already: “How can / get
hold of all these Data Books, without paying a fortune -
if they’ll even sell one copy to a private individual like
me??” Indeed, at one time, that was a very good question.
After years of fiddling around with electronics myself
(both as an amateur and on a professional basis), when I
came here, I thought I was in “hog heaven™ because of all
the data books we have. “Wow,” I thought, “this is really
neat, since most people don’t have access to all this cool
information!”

Well, times have changed, haven’t they? I hope you have
access to the Internet, because that’s where you can get
many (if not most) of these data sheets for free! For
instance, just today I was looking at our EBAA-1 Audio

Amplifier kit (which uses an LM-386 chip) and I decided
to see how easy it is to find the appropriate data. So I
checked out this website:

http://www.canberra.edu.au/~sam/ptr/electr-ptr.html

which is a truly awesome list of links to manufacturers of
electronic components. (I found this list, by the way, by
simply poking around with a Search Engine, another way
to find manufacturers” websites!) Anyway, I went to the
National Semiconductor website, then clicked around
(Product Tree, Audio, Boomer Audio Power Amplifiers,
Data Sheets, LM-386. Download) - and there it was (you
might need Adobe AcroRead to view them, but that’s
available for free too, if you don’t have it already). It
took a few minutes to find this data, but how can you
beat free information that’s so easy to obtain? It probably
would’ve taken me that long just to find the right data
book here! So if you really want to learn about this stuff,
don’t be afraid to use the resources that are available to
you. In fact, you may want to take a look at this website,
too:
http://www.radioshack.com/sw/swb/toc.htm

It actually has links to data sheets, for the same part, from
different manufacturers.

What if you don t have access to the Internet? Well, 1

know—you-can—get-to—t-at-ourlocal-libraries—1-Hmagine

schools provide access to it, too. Maybe a friend has a

computer?*Anyway; Thope-youattcanavart-yourselves-

of this terrific opportunity to grow in your knowledge!

OVERALL INSTRUCTIONS

This Applications Manual covers how to connect differ-
ent Rainbow ELECTRONIC EDUCATIONAL BLOCKS
together to form fully functional electronic devices.
Some of them are useful in and of themselves; some are



(1) BUILD AND INDIVIDUALLY TEST ALL THE KITS CALLED FOR

BY A PROJECT BEFORE HOOKING THEM TOGETHER.
really for learning and experimentation - but after that s
happened, who knows what applications you will come
up with?? Some we don’t even think of, I’ll bet!

Anyway, here are some overall guidelines:

This is probably the most important thing of all. Each
kit book contains detailed, really well-done
explanations of the underlying theory (OK, I wrote
them, but I do think they’re helpful), plus a section on
testing the kit. It’s vital that you know for sure if each
kit works or not before you hook ‘em together,
because if you don’t, troubleshooting the overall
project is going to be a nightmare. Trust me! Make
this a rule you don ¥ vary from, OK?

(2) COLOR CODE YOUR CLIP LEADS.

OK - maybe it sounds dumb! But you’ll be happy you
did when the tangle of wires gets really thick (which
on some projects, it will), and some fine evening you
have to paw through them to fix something. By the
way, do you know what clip leads are? They’re just
wires with an alligator clip attached to both ends.
Each kit board has virtually every critical point
brought out as a pin-terminal, making it easy to use
clip leads to connect everything together.

The thing is, you want to make it as easy on yourself
as possible - and you want to concentrate on the
underlying electronics, not on the mechanics of
hooking boards together. That’s where color-coding

helps. When I connect a project together, I have an
“informal” code I follow (I realize you may have too
much of one color and not enough of another, but do
the best you can):

RED: +Vce (power)

BLACK: Ground

WHITE,YELLOW: Power Output
(like to speakers, etc.)

GREEN: Interboard signal path

Now, you don’t have to use this scheme, of course -
any will do, as long as you’re consistent. But try to
develop a color-coding scheme for your own
clipleads, because it will really help some night
(probably around 4:00 am) when you’re bleary-eyed
and desperately trying to see. We’ve all been there
doing this sort of thing, you know?

(3) USE THE MOTHERBOARD.

Yeah, [ know - it’s just a bunch of screws sticking out
of a board. That’s what I thought, too - until I tried
hooking three or four kit boards together, via clip
leads, without it. 1 found out quickly why it’s helpful!
If you don’t have one (or elect not to use it), all the
individual circuit-boards slide around, bumping into
each other, messing up the clip leads, and just
generally being troublesome. The
Motherboard holds
them in
place, and
makes it easy
to move even a
connected
project from one
place to another
without
losing any con-
nections - try that
/ with three or four
individual boards and about
eight clip leads!

(4) KEEP A NOTEBOOK.
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PROJECT OVERVIEW:

The EBAO-3 kit produces a very good, clean sine-wave tone.
In this project, we’ll amplify it via the EBAA-1 kit so you can
hear it in the speaker. (This would be perfect for driving some-
one crazy, as sine wave tones are so “pure” that they’re nerve-
rattling after awhile.) This is a good project for “getting your
feet wet” and beginning to learn how to connect the kit togeth-
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er. In the “GOING FURTHER” section, we’ll learn how to
modify the circuit’s operation by changing critical parts val-
ues. Remember, “engineering” is making something that
already works function a little bit differently, so it performs
exactly the way we want it to. We’ll start doing that in this
project!

WHAT YOU WILL NEED:
(1) EBAA-1AUDIO AMPLIFIER Kit

(2) EBAO-3 AUDIO OSCILLATOR Kit
(3) EBPS-4/5 POWER SUPPLY
(4) 8-10 CLIP LEADS

PROCEDURE:

(1) Build and test a// the required kits
individually before proceeding.

(2) Don’t apply power yet! Using clip leads,
connect the kits together as follows (See
Single-Tone Generator)

(5) DIGITAL VOLTMETER

WHAT IT WOULD BE
NICE TO HAVE:

(I) EBMOT-200 PROJECT
MOTHERBOARD

(2) An OSCILLOSCORPE (this
goes without saying on almost
any project)

(3) A nice collection of miscellaneous
resistors, capacitors, etc. (in “regular”
or “surface mount” version, depending
on which kit version you’re using.)
These are available through several

Hook a Clip Lead
FROM: TO:

Il (EBPS-4/5) GND «——» (EBAO-3) GND
[} (EBAO-3) GND <———» (EBAA-1)-POWER
K} (EBPS-4/5) + POWER OUT <«— (EBAO-3) Vee

I} (EBAO-3) Ve «————» (EBAA-1) POWER+

B (EBAA-1) +SPEAKER <—» + Terminal on
Speaker

B} (EBAA-1) - SPEAKER <—» - Terminal on
Speaker

(EBAO-3) OUT <————» (EBAA-1) INPUT

NOTE: BOLD words in above list refer to Connecting
Terminals on the individual circuit boards.

mail-order parts suppliers, and perhaps
through local Electronics Stores as well.

(4) AFREQUENCY COUNTER

(3) Apply power. You should hear a tone through the
speaker. If you don’t, STOP! Remove power
immediately, then find out what’s wrong. Similarly,
if you see smoke or something gets real hot, STOP!
Remove power and trace out your connections.
Keep looking until you fix the problem and hear
a tone.




(4) Now for some adjustments.
Tweaking R4 on EBAO-3
should alternately make the
tone sound distorted (raspy)
and “clean” (you’ll definitely
be able to tell the difference!)
Adjust it so the tone sounds
clean. The same thing goes
for R/ on EBAA-1.
Tweaking R9 on EBAO-3,
on the other hand, should
change the tone’s pitch (its
frequency; bringing its
resistance “back” into the
circuit lowers the pitch).
You’ll have to turn
R4/EBAO-3 and R1/EBAA-1
pretty far down for a crisp,
clear tone. If you do have
access to a Scope, adjust
these controls until a really
good sine-wave appears (it
will). By the way, you do
know what a sine-wave
looks like, right?

Here’s an example:

Single-Tone
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Anyway, if you don’t have a scope,
here’s what to do: use your digital volt
meter to measure Pin 1 of U/ on the
EBAO-3. It should read about +4.5 DC
Volts. Likewise, the positive SPEAKER
terminal reads about 0.1 AC volts, or
hovers between 0.1 and 0.2 AC volts.
Any higher than these readings means
you’ve got some distortion present.

GOING FURTHER:
. FUN WITH THE EBAO-3’s FRE-
QUENCY

(1) When we constructed our prototype, C1 and C2
were .005 mF capacitors (they might be .0047 mF

caps in your kit) and RS and R6 were both 68KW
resistors. In the “Theory” section of the EBAO-3

book, we stated that if R5=R6 and C1=C2, then the

oscillator’s frequency is 1/(2pRC) and noted that,
in the EBAO-3, if you adjust R9 so that it’s

effectively out of the circuit, these conditions

are met and the formula applies. Looking at this
formula gives us some “rule of thumb” guidelines.
For example, if you're looking for a specific
frequency and you’re a little off, raising the value
of R lowers the frequency; conversely, lowering
R raises the frequency. The same is true of the
capacitor: a value of, say, .0047mF produces a

slightly higher frequency than that of .005mF. Why
is this so? It’s because both R (in ohms, remember)

and C (in farads, meaning the microfarad number
has to have six decimal places added to the /eff of
it) are in the denominator of a fraction. A half-
dollar (1/2) is worth more than a quarter (1/4),
which is in turn worth more than a dime (1/10) - as
the denominator goes up, the fraction’s value goes
down. The formula equation works exactly the
same way.

(2) What was the nominal frequency, then? Whipping
out our handy calculators, and remembering that
R is in OHMS and C is in FARADS (NOT
Microfarads!),

we find that FREQUENCY = 1/(2*3.14*68000*.000000005)
= 1/(6.28*.00034)
=1/.00213
= (@469 Hz, adjustable via R9.

Actually, when I hooked the output of our EBAO-3

to a frequency counter, it read (with R9 adjusted
“out” of the circuit) about 433 Hz - remarkably
close, Ithought, given parts tolerances and the
fact that we did not use precision resistors or
capacitors - just good old, garden-variety parts.

(3) To easily calculate various frequencies, I used

a computer spreadsheet and let it do the dirty work.
As I'said, though, in real-world engineering, parts
tolerances can throw exact calculations off. For
instance, with a resistor of 16KW and a capacitor

of .005mF, the frequency calculated out to 1990
Hz. In the prototype, however, the actual frequency

was about 100 Hz below that. By adjusting R9, 1

could get it to a clean, stable 1800 Hz. Tweaking

some more, I even got it to 1700 Hz, but by then,

just a little bit of distortion was creeping in

(I couldn’t hear it, but it showed up on the scope.)




PROJECT OVERVIEW:

How often have you wished you had a microphone and
speaker to propel your voice across a crowded room? I
know I do whenever I take my kids to a store! I yell “HEY!
WHERE ARE YOU GOING?” at the top of my lungs as
they dart in different directions throughout the store. Come
to think of it, they do that at home too. “Wouldn’t it be neat
to have a microphone, amplifier, and speaker to project my
voice, so I won’t go hoarse?” I think. Of course, just hook-

PROJECT #2
Paging Amplifier

ing a microphone up to a speaker won’t work; usually,
neither will just connecting it directly to a power amp!
No, you need a system with some sort of mic preamp as
well; the mic feeds the preamp which in turn drives the
power amp, which drives the speaker! Well, this project
provides you (and me) with just such a system. You pro-
vide the microphone (almost any kind will work) and
we’ll do the rest.

WHAT YOU WILL NEED:
(1) EBAA-1 AUDIO AMPLIFIER Kit

(2) EBAP-2 AUDIO STEREO PREAMP Kit
(3) EBPS-4/-5) POWER SUPPLY

(4) MICROPHONE
NOTE: If you have an electret mic, you'll need
a 10kW resistor also.

(5) 10-12 CLIP LEADS
(6) DIGITAL VOLTMETER

WHAT IT WOULD BE NICE TO HAVE:
(1) EBMOT-200 PROJECT MOTHERBOARD

(2) .033 mF capacitor, 100 kW pot (for Feedback
Control; see the “GOING FURTHER” section)

.047 mF capacitor, 1000 W resistor (just for
experimenting)

PROCEDURE:

(1) Build and test a// the required kits individually
before proceeding. Do not install C1 on the
EBAA-1 kit; don’t install C7/C8 or the two special
resistors on the EBAP-2 kit, either.

(2) Don’t apply power yet!

(3) IFYOU HAVE AN ELECTRET MIC: Insert &

solder one end of a 10k W resistor through the hole
indicated in Figure #2. (This actually connects

that end of the resistor to INPUT 1.) Leave the

other end “floating,” as shown, making sure it
doesn’t touch anything.

(4) Using clip leads, connect the kits together as
follows (see Paging Amplifier illustration)

Hook a Clip Lead
FROM: TO:
(EBPS-4/5) GND (EBAP-2) GND

(EBAP-2) GND ™ (EBAA-1)- POWER
(EBPS-4/5) ~——> (EBAP-2) Vce

5 to 10 Volt Out
ﬂ -—

(EBAP-2) Vee (EBAA-1)POWER+
n (EBAA-1) +SPEAKER > + Terminal on

- Speaker

- Terminal on
- Speaker

(EBAA-1) INPUT

(EBAA-1) - SPEAKER

(EBAP-2) OUTPUT 1

MICROPHONE (EBPS-4/5) GND
GND or NEGATIVE

/
MICROPHONE (EBAP-2) INPUT 1

n + TERMINAL

/

Floating End” of POWER+ (EBAA-1)

m mnstalled Resistor

NOTE: BOLD words in above list refer to Connecting
Terminals on the individual circuit boards.

(5) Apply power, and speak into the microphone. You




should hear either your voice or a loud howling
sound through the speaker. If you don't, STOP!
Remove power immediately, then find out what’s
wrong. Similarly, if you see smoke or something
gets real hot, STOP! Remove power and trace out
your connections. Keep looking until you fix the
problem and hear sounds from the speaker.

(6) You have two volume controls to fool with: R1
(marked VOLUME 1) on the EBAP-2, and R1 on
the EBAA-1. Start with each about halfway
through their rotation, then “twiddle™
them until you find a good sound with
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B GOING FURTHER:
9, €] ELIMINATING FEEDBACK
= Speaking of feedback, it is annoying, isn’t it?
It’s caused when amplified sound from the
speaker “feeds back™ through the microphone. This
fact alone suggests a couple of obvious cures:

(1) Keep the speaker as far away from the microphone
as you can.

(2) Face the speaker away from the microphone.

(3) You can try using a “noise-canceling” microphone,
like truckers use on their CB radios; you can buy
them at truck-stops. Now, the truth is, I tried all
these things and none of them worked very well.

I just could not get the amplifier very loud without
that irritating howl squawking its way out of the

speaker!

Then I remembered a couple of things. One, most
audio feedback is caused by higher (treble)
frequencies; they are the ones that feed back the
most, for whateverreason. 7wo, the EBAP-2
preamp provides for Treble Control (to refresh your
memory, please reread “REAL WORLD
ENGINEERING, PART 2: THE FILTER
CIRCUIT” in the EBAP-2 Kit Instruction Manual.)
Briefly, this involves using a capacitor (C7 or C8)
to cut down on the preamp’s gain above certain
frequencies, according to the following table:
CAPACITANCE CUT OFF FREQUENCY



(MF) (Hz)
0.01 15000
0.033 4500
0.039 4000
0.047 3200
0.056 2600
0.062 2400
0.068 2200
0.1 1500
I wondered if this feature could be used to prevent fegd-

back, so I set about trying to accomplish it. Remember

how, earlier in this manual, I recommended that you

keep a notebook whenever you experiment? Well, here
are some notes I made in my notebook. You may want to
duplicate part of the process as you begin to learn about

the Treble-Control circuit.

» The unit gets lots of feedback, even with this

of treble control. To connect it to the circuit, I won ¢
try to just jam the pot legs into the circuit board
(since all I've got are PC-mount pots, and the board
is not laid out for them.) Instead, I’ll solder pieces of
wire - 1/2 watt resistor leads are a nice size - onto
the pot’s center leg & 1 of the “side™ legs, and use
those to go through the circuit board holes, like this:

(NOTE: this will not

noise-canceling microphone! Will attempt to
reduce feedback using built-in circuit in the
preamp.

First, try .047 mF cap & 1000 K resistor in the
waveshaping circuit, for a cutoff frequency of

3200 Hz.

RESULT: Oh, well. Almost nothing comes out of
the speaker now! Apparently, the noise-
canceling mic and the cap/resistor combo
together removed so much of the voice
frequencies that literally nothing was left
over!

OK, try a .033 mF capacitor and, just for fun, take

the resistor out. Use a piece of jumper wire instead.

ALSO: leave the waveshaping parts (C8, R*2) out

for U1:B. That way I can easily compare the

“filtered/non-filtered™ amplifiers by simply

switching 2 clip leads (preamp input, preamp

output).

RESULT: Even worse. I don’t get it! Now /iterally
nothing comes out of the speaker. Did
I kill the preamp? Let’s hook up the mic
to INPUT _2 and the power-amp’s input
up to OUTPUT _2. Whoa — same old
howling feedback! I guess the preamp
still works. Still, switching back to
section #1, I can barely hear anything
even when I crank both the preamp and
the power amp up to their fi// volume!

« Patience is required! Try a 100 kW potentiometer
instead of the jumper wire. That ought to give plenty

work with the
EBAPSMD-2 Surface-
= Mount version of the kit.)
I'll leave the capacitor the
same (.033 mF, 4500 Hz
SoDEr . | cut off frequency) and see
INSERT TOTHESE2 [what happens!
THROUGH 1l POT LEGS
PCBAND J. S
LDER ___-H---=""" " .
SOLPER & RESULT: Very satis-
factory! If I take the 100K
pot’s

amp

resistance totally out of the circuit,
volume is minimal, as before. But as I
turn it up (with the mic button pressed,
since we re still using the noise-
canceling mic), we come to a point
where it really starts to howl (with
preamp and EBAA-1 power-amp’s
volume still cranked way up!) I backed
off on the pot until it just stopped
wailing, and got a loud, clear, “feedback-
less™ signal from the speaker! All right!!
One more experiment! I’ll try the same setup with
the electret mic, rather than the (expensive) noise-
canceling mic.
RESULT: Wow! An unexpected result! The electret
sounds even better. I can turn the pre-

gain down to about half, add even more
resistance through the “*” pot, and get
an even better sound from the speaker.
By the way, it’s interesting how I could
twiddle all the various volume controls
(and now, my added Treble Control, too)
until I got the sound I wanted from the
speaker. Remember, part of engineering
involves making something that already
works function a little bit differently, so
it performs exactly the way you want it
to! If you think about it, that’s exactly
what we just did! And this is what
Design Engineers have to do all the
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PROJECT OVERVIEW:

This project is really a practical application of Project #1
(Single Tone Generator). If you switch the EBAO-3 ON
and OFF you can produce dots and dashes - in other-
words, another version of the ubiquitous “Code Practice

PROJECT#J

Code Practice
1

Oscillator.” And yet, there are different ways you can do
the on/off switching. We’ll try a couple of them, to see if
they work the same or not. Perhaps one is better than the
other! What better way to find out than by #rying it out??

WHAT YOU WILL NEED:

(1) EBAA-1 AUDIO AMPLIFIER Kit
(including speaker)

(2) EBAO-3 AUDIO OSCILLATOR Kit

(3) EBPS-4/5 POWER SUPPLY Kit

(4) 10 CLIP LEADS

(5) PUSHBUTTON SWITCH normally-open
(6) DIGITAL VOLTMETER

WHAT IT WOULD BE NICE TO HAVE:

(1) EBMOT-200 PROJECT
MOTHERBOARD

(2) TELEGRAPH KEY

(3) DIFFERENT RESISTORS
(if you want to change
the output frequency).

Hook a Clip Lead

FROM: TO:

KB (z5p5-455) GND «<——> (EBAO-3) GND

B3 (58403 GND<———» (EBAA-1) -POWER
) (BA0-3) Vee <——» (EBAA-1) POWER+
n (EBAA-1) + SPEAKER <> Positive Terminal on

Speaker

I} (:8AA-1) - SPEAKER <> Negative Terminal on

Speaker

B3 (EBA0-3) OUT =—— (EBAA-1) INPUT

(This is switching method #1, the old “Vec Switch:”)

(EBPS-4/5) <——————— SWITCH or

5t010 Volt Out TELEGRAPH KEY,
Terminal #1
SWITCH OR TELEGRAPH (EBAO-3)Vee

/

NOTE: BOLD words in above list refer to Connecting
Terminals on the individual circuit boards.

KEY, Terminal #2

PROCEDURE:

(1) Build and test a// the required kits individually
before proceeding.

(2) Don’t apply power yet! Using clip leads, connect
the kits together as follows (see Figure 3).

10

(3) Obviously, this switching arrangement simply turns
the power to the whole unit on and off. Apply
power; push the Telegraph Key/Switch. (NOTE:
from now on, this will be referred to as the “key.”
You’ll know what we mean') You should now

hear a
tone through the speaker. If you don’t, STOP!
Remove power immediately, then find out what’s
wrong. Similarly, if you see smoke or something gets
real hot, STOP! Remove power and trace out your
connections. Keep looking until you fix the problem














































































































































