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Our Gang: The Electronics Kids

You usually start books like this by talking about your par-
ents: who they were, or what they did for a living before you were
born or while you were growing up. But the thing is, I never did
know for sure what my dad did for a living. As early as I can
remember, my brother, sister, and I all had to grow up with this
secret. And as secrets go, oh man, this one was huge. We weren'’t
even allowed to talk about his work or ask questions about it in
the house. The conversation was strictly off-limits.

I did know Dad was an engineer, and I knew he worked in the
missile program at Lockheed. That much he said, but that was
pretty much it. Looking back, I figure that because this was in the
late 1950s and early 1960s at the height of the Cold War, when the
space program was so hot and top secret and all, probably that’s
why he couldn't tell me anything more about it. What he worked
on, what he did every day at work, he'd say absolutely nothing
about. Even up to the day he died, he didn'’t give so much as a hint.

I remember how in 1960, when I was ten, I finally understood
why he’d never be able to. He said it was because he was a man
of his word. Once, when he was explaining why you should never
lie under oath in court, that’s what he said: “I'm a man of my
word.”

11



12 iWoz

Now, on my own, I managed to put together little bits and
pieces. I remember seeing NASA-type pictures of rockets, and
stuff related to the Polaris missile being shot from submarines or
something, but he was just so closemouthed about it, the door
slammed there.

I tell you this because I'm trying to point out that my dad
believed in honesty. Extreme honesty. Extreme ethics, really.
That’s the biggest thing he taught me. He used to tell me it was
worse to lie about doing something bad under oath than it was to
actually do something bad, even like murdering someone. That
really sunk in. I never lie, even to this day. Not even a little.
Unless you count playing pranks on people, which I don’t. That'’s
comedy. Entertainment doesn’t count. A joke is different from a
lie, even if the difference is kind of subtle.

The other thing my dad taught me was a lot about electron-
ics. Boy, do I owe a lot to him for this. He first started telling
me things and explaining things about electronics when I was
really, really young—Dbefore I was even four years old. This is
before he had that top secret job at Lockheed, when he
worked at Electronic Data Systems in the Los Angeles area.
One of my first memories is his taking me to his workplace on
a weekend and showing me a few electronic parts, putting
them on a table with me so I got to play with them and look at
them. I can still picture him standing there working on some
kind of equipment. I don’t know if he was soldering or what,
but I do remember him hooking sométhing up to something
else that looked like a little TV set. I now know it was an oscil-
loscope. And he told me he was trying to get something done,
trying to get the picture on the screen with a line (it was a
waveform) stable-looking so he could show his boss that his
design worked.

And I remember sitting there and being so little, and thinking:
Wow, what a great, great world he’s living in. I mean, that’s all I
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thought: Wow. For people who know how to do this stuff—how
to take these little parts and make them work together to do
something—well, these people must be the smartest people in
the world. That was really what went through my head, way back
then.

Now, I was, of course, too young at that point to decide that I
wanted to be an engineer. That came a few years later. I hadn’t
even been exposed to science fiction or books about inventors
yet, but just then, at that moment, I could see right before my
eyes that whatever my dad was doing, whatever it was, it was
important and good.

[ o [}

A couple of years later—I was six, maybe seven—I remember
Dad demonstrating another piece of equipment for a bunch of
people at his company. A big group of people was there. These
weren't just people he worked with, but also our whole family
and other families, too. I think it was just a drilling machine he
was demonstrating.

And my dad, even though I was just this little kid, told me I
would be the one to get to throw the switch to turn it on. He said
I had to do it at the exact right time.

I remember worrying about how I would know when the right
time was and thinking: Now? Now? When should I do this? Now?
My dad was busy talking and joking with the families of the guys
who worked there, who were going to watch me do it. Then sud-
denly it felt like the right time. I can’t explain why, but I just felt
inside it was the right time. So I went ahead and threw the
switch.

I heard a lot of laughter, and I didn't know why. Suddenly I
realized I had thrown the switch too early. Now that I look back
on this, I see this might be the beginning of my shyness, you
know, getting butterflies in your stomach because you're afraid of
failure when you have to talk or something,.
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Or maybe that was my first prank, but it was definitely unin-
tentional!

[ ] [o] [ ]

But there were also lessons from my dad, serious lessons that
got me an incredibly early start in engineering. These lessons
would always start because I'd ask a question. And I had a lot of
questions.

Because my dad was an engineer, there were all kinds of inter-
esting things lying around my house. And when you're in a house
and there are resistors lying around everywhere, you ask,
“What'’s that? What's a resistor?” And my dad would always give
me an answer, a really good answer even a seven-year-old could
understand. He was just an extremely good teacher and commu-
nicator.

He never started out by trying to explain from the top down
what a resistor is. He started from the beginning, going all the
way back to atoms and electrons, neutrons, and protons. He
explained what they were and how everything was made from
those. I remember we actually spent weeks and weeks talking
about different types of atoms and then I learned how electrons
can actually flow through things—Ilike wires. Then, finally, he
explained to me how the resistors work—not by calculations,
because who can do calculations when you're a second grader,
but by real commonsense pictures and explanations. You see, he
gave me classical electronics training from the beginning. For
engineers, there’s a point in life when you understand things like
how a resistor works. Usually it comes much later for people than
it did for me. By the fourth grade, I really did understand things
like that.

And my dad was always around to help me understand still
more things. Like light. How does a lightbulb work? I wanted to
know. Not many people my age knew—probably most people
who are grown up still don’t. But he explained it to me: first how
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lights are made, then how electrons went through wires, and how
those were what made a lightbulb glow. And I wanted to know
how, how did it glow? So he went back to the beginning, explain-
ing to me how Thomas Edison invented lightbulbs and what he
had to figure out to do it. He realized that basically you had to
create a vacuum—it had to be a vacuum because if there were
oxygen in it, the wire would just burn up when it got hot. So this
vacuum (remember, a vacuum has no air in it) is in this little
bulb, and the point was to get heat—by moving a lot of electrons
through a wire—into it.

And the more electrons that go through the wire—that is, the
higher the current—the brighter the lightbulb will glow. Cool! I
was eight or even younger when I understood this, and knowing
it made me feel different from everyone else, different from all
the kids I knew. I started to feel as if I knew secrets no one else
knew.

I have to point out here that at no time did my dad make a big
deal about my progress in electronics. He taught me stuff, sure,
but he always acted as if it was just normal for me. By the sixth
grade, I was really advanced in math and science, everyone knew
it, and I'd been tested for IQ and they told us it was 200-plus. But
my dad never acted like this was something he should push me
along with. He pulled out a blackboard from time to time, a tiny
little blackboard we had in our house on Edmonton Avenue, and
when I asked, he would answer anything and make diagrams for
it. I remember how he showed me what happened if you put a
plus voltage into a transistor and got a minus voltage out the
other end of the transistor. There must have been an inverter, a
type of logic gate. And he even physically taught me how to make
an AND gate and an OR gate out of parts he got—parts called
diodes and resistors. And he showed me how they needed a tran-
sistor in between to amplify the signal and connect the output of
one gate to the input of the other.
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To this very moment, that is the way every single digital device
on the planet works at its most basic level.

He took the time—a lot of time—to show me those few little
things. They were little things to him, even though Fairchild and
Texas Instruments had just developed the transistor only a
decade earlier.

It’s amazing, really, to think that my dad taught me about tran-
sistors back when almost no one saw anything but vacuum tubes.
So he was at the top of the state of the art, probably because his
secret job put him in touch with such advanced technology. So I
ended up being at the state of the art, too.

The way my dad taught me, though, was not to rote-memorize
how parts are connected to form a gate, but to learn where the
electrons flowed to make the gate do its job. To truly internalize
and understand what is going on, not just read stuff off some
blueprint or out of some book.

Those lessons he taught me still drive my intelligence and my
methods for all the computer designs I do today.

e o o

But even with all of this—all the lessons and explanations a
kid could understand—I want to tell you about the single most
important lesson he taught me. Because this is what [ have
always hung on to, more than eéven the honesty thing. He drilled
into me what it means to be an engineer. What I am talking about
is what it means to be an engineer’s engineer. A serious engineer.
I so clearly remember him telling me that engineering was the
highest level of importance you could reach in the world, that
someone who could make electrical devices that do something
good for people takes society to a new level. He told me that as
an engineer, you can change your world and change the way of
life for lots and lots of people.

To this day, I still believe engineers are among the key people
in the world. And I believe that I will be one forever, and I have
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dedicated my whole life to engineering. I realize that when engi-
neers create something there is often an argument that the cre-
ation could be used for bad or good. Like the atomic bomb. My
dad had the opinion that change is what moves the world forward
and that’s the path we're on and basically all change is good. That
any device people want is good and should be made and not get
stopped by governments or anyone else. And I came to that same
view when I was very young, ten or maybe younger. Inside my
head—and this is what has really stayed with me—I came to the
view that basically, yes, technology is good and not bad.

People argue about this all the time, but I have no doubts
about it at all. I believe technology moves us forward. Always.

e o o

Now, you've got to realize that, electronics-wise, 1950s North-
ern California was another world compared to what things are
like now. For example, where I was growing up, everybody who
owned TVs and radios literally had to replace the bad vacuum
tubes inside them themselves. Grocery stores had these giant
tube testers that everyone in the family—kids, parents, every-
one—knew how to use. I mean, we knew that when the TV went
bad you opened it up and then took all the tubes to the grocery
store, where you'd insert them in that machine. There was a
meter on it that would tell you if the tube was good, weak, or bad.
You could buy replacements for the bad tubes right there in the
grocery store and take them home to reinsert in your TV.

In case you're too young to remember, this was a clunky solu-
tion, but it worked pretty well. The only bad part was the human
effort this required—taking out the tubes, testing each of them,
putting them back in. So much work! I used to look at those
tubes, trying to take apart what they were made of. They were
just little filaments—they ran hot and could burn out like a light-
bulb. It was as simple as that. I remember wondering what it
would take to build a tube that wouldn’t burn out, or a TV that
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didn’t need tubes to work at all. How much easier they would be
for people.

That’s how I was, how I've always been—and still am, it seems.
I've always had this technical side and then this human side. For
instance, I remember telling my dad when I was ten that when I
grew up, I wanted to be an engineer like him, but I also remem-
ber saying [ wanted to be a fifth-grade teacher, like Miss Skrak at
my school. Combining the human and the technical turned out to
be the main thing for me later on. I mean, even when it came
down to something like building a computer, [ remember watch-
ing all those geeks who just wanted to do the technical side, to
just put some chips together so the design worked.

But I wanted to put chips together like an artist, better than
anyone else could and in a way that would be the absolute most
usable by humans. That was my goal when I built the first com-
puter, the one that later became the Apple I. It was the first com-
puter to use a keyboard so you could type onto it, and the first to
use a screen you could look at. The idea of usable technology was
something that was kind of born in my head as a kid, when I had
this fantasy that I could someday build machines people could
use. And it happened!

Anyway, anyone you meet who knows me will tell you that that
is exactly me—an engineer, but an engineer who worries about
people a lot.

[ ] o L ]

According to my birth certificate, my full name is Stephan Gary
Wozniak, born in 1950 to my dad, Francis Jacob Wozniak (everyone
called him Jerry), and to my mom, Margaret Louise Wozniak. My
mother said she meant to name me Stephen with an e, but the birth
certificate was wrong. So Stephen with an e is what I go by now.

My dad was from Michigan; Mom was from Washington State.
My dad and his brother, who later became a Catholic priest, were
raised in a strict and pious Catholic household. But by the time
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my parents had me—I'm the oldest of three—my dad had
rebelled against that: the Catholicism, I mean. So I never got any
exposure to religion. Church, mass, communion. What is that?
Seriously, I couldn't tell you.

But from the earliest age, I had a lot of conversations with my
parents about social policies and how things work. As for reli-
gion, if I asked, my dad would say, no, no, he was scientific. Sci-
ence was the religion. We had discussions about science and
truth and honesty, the first discussions of many that formed my
values. And what he told me was, he just wanted things to be
testable. He thought that to see if something is true, the most
important thing is to run experiments, to see what the truth is,
and then you call it real. You don’t just read something in a book
or hear someone saying something and just believe it, not ever.

I eventually came to conclude that, yes, I believed the same
thing. And at a super young age, I knew I would do something
scientific when I grew up, too.

[ ] (o] [ ]

I forgot to mention before that my dad was kind of famous, in
his own way. He was a really successful football player at Caltech.
People used to tell me all the time that they used to go to the
games just to see Jerry Wozniak play. And my mom, she was great
to me and my younger brother and sister. She’d be home when we
came home from school, and she was always really pleasant and
funny and interesting and gave us stuff to eat that was special to
us. And was she ever funny! I think it was from her—definitely not
my dad—that I got this sense of humor of mine. The pranks I like
to play, and the jokes. I have been playing pranks on people for
years and years. And my mom, well, I guess you could thank her
for that. She just has this wonderful sense of humor.

When I was in the sixth grade in 1962, my mother was big into
Republican politics. She was a huge supporter of Richard Nixon,
who was running for governor of California, and there was some
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event in San Jose where Nixon was speaking and she said, “Oh,
Steve, why don’t you come along?” And she had a plan, a joke I
would do. She wanted me to meet him and tell him, opening up a
piece of paper, that I represented the Ham Radio Operators of
Serra School, and that our group unanimously supported Richard
Nixon’s election for governor. The joke was, I was the only sixth-
grade ham radio operator in the school, probably in the whole state.
But I did it. I walked up to Nixon and presented the paper, which
we literally wrote with a crayon just before leaving home.

I said, “I have something for you.” Nixon was really gracious, I
thought. He seemed kind, and he smiled at me. He signed one of
my schoolbooks I had with me, and even gave me the pen he
signed it with. About twenty flashbulbs went off, and I ended up
on the front page of the San Jose Mercury News for this. Me!
The only ham radio operator at Serra School and probably the
youngest one in the whole state, representing a club made up of
nobody but me, presenting a fake certificate like it was the real
thing. And everyone believed it. Wow!

So it was funny and everything, but something bugged me, and
I'm going to tell you that it still bugs me to this day. Why did
nobody get the joke? Doesn’t anybody check facts? The newspa-
per cutline said something like, “Sixth grader Steve Wozniak rep-
resents a school group that’s for Nixon.” They didn’t get that there
was no school group, that it was all a joke my mom made up. It
made me think that you could tell a newspaperperson or a politi-
cian anything, and they would just believe you. That shocked
me—this was a joke they took for a fact without even thinking
twice about it. I learned then that you can tell people things—
crazy jokes and stories—and people will usually believe them.

[ ] o L]

We spent most of my early years in Southern California, where
my dad worked as an engineer at various companies before the
secret job at Lockheed.
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But where I really grew up was Sunnyvale, right in the heart of
what everyone now calls Silicon Valley. Back then, it was called
Santa Clara Valley. I moved there when I was seven. It was all just
really agricultural. It was totally different from the way it is now.
There were fruit orchards everywhere. Our street, Edmonton
Avenue, was just a short one-block street bordered by fruit
orchards on three of four sides. So pretty much anywhere you
drove on your bike you'd end up in an apricot, cherry, or plum
orchard. And I especially remember the apricots. Every house on
my block had a bunch of apricot trees in their yard—our house
had seven of them—and in the fall the apricots would get all soft
and kind of splatter wherever they landed. You can imagine what
great projectile weapons they made.

When I think of that street, looking back, I think it was the most
beautiful place you could imagine growing up. It wasn't as crowded
back then, and boy, was it easy to get around. It was as moderate
of temperature as anywhere else you could find. In fact, right around
the time I moved there—this was 1958—I remember my mother
showing me national articles declaring it to be the best climate in
America. And as I said, since the whole place had barely been devel-
oped, there were huge orchards every which way you went.

Edmonton Avenue was actually a small Eichler subdivision—
Eichler homes of that period were kind of famous for being archi-
tecturally interesting homes in middle price ranges. They stand
out as special homes to this day. And the families in them were a
lot like mine—middle class, with dads commuting to work at the
new electronics and engineering companies starting up, and
moms at home. Because of that, and the fact that a bunch of my
friends could pretty easily get electronics parts and all kinds of
wires from our dads’ garages or company warehouses, I thought
of us as the Electronics Kids. We grew up playing with radios and
walkie-talkies and weird-looking antennas on our roofs. We
played baseball and ran around, too. A lot.
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I remember when I was in the fifth grade I was really athletic.
I was always being told I was the best runner, the top athlete in
school, the best baseball player, and I was really popular because
of all that. But electronics was really my life, and I loved devising
all kinds of projects with the Electronics Kids.

In fourth grade for Christmas, I got the most amazing gift from
my parents. It was an electronics hobby kit, and it had all these
great switches and wires and lights. I learned so much playing
with that stuff. And it was because of that kit that I was able to
do the neatest things with the Electronics Kids. I was the key kid
in designing a house-to-house intercom connecting about six of
our houses.

The first thing to do was to get the equipment we needed. The
main thing was wire. But where were a bunch of kids supposed
to get yards and yards of wire? And how we got it—it was just
unbelievable. One of the guys in my group, Bill Werner, literally
walked up to a phone guy and asked him if he could have some
telephone wire. He’d seen long spools of it in the guy’s truck, so
he just asked him for one of them. I don’t know why, but the tele-
phone guy just gave it to him, saying, “Here’s a cord, kid.”

What Bill got was a spool of wire about a foot in diameter. It
was a lot, a whole lot, of wire. It was two-wire cable, solid copper
wire inside of plastic insulation in the colors white and brown,
twisted every inch or so to keep the two wires together and to
minimize electrical noise from being picked up. Think of it as a
plus wire and a minus wire. If some electrical interference is
strong, it gets picked up equally by the plus and minus wires due
to their being twisted. The point is that there is never a single
wire that is always slightly closer to the interference signal. The
plus and minus wires serve to cancel out the interference. You
get as much minus as plus. That’s how telephone cords work, as
I found out from this. It is also where the term “twisted-pair”
comes from.
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And so then I figured out what to do with all this cord, design-
ing on paper really careful lines with my different-colored pens.
And I figured out where the switches would be, and how we
would connect carbon microphones (that’s how microphones
were back then) and buzzers and lights so we kids wouldn't be
waking our parents up with loud noises that would let them know
what was up. We had to make sure we could do this in absolute
secrecy, and that we kids could turn the buzzers off at night so
we could wake ourselves up just by the light.

Once we finished the design, the bunch of us rode our bikes
down to Sunnyvale Electronics, the local store and hangout for
kids like us. We bought all this neat stuff, the microphones and
the buzzers and the switches, you name it.

The next thing we did was connect the wire between all the
houses. There were these wooden fences that separated all the
houses on our short little street, and we just went along the fence
in broad daylight, stringing this wire along and stapling it in. You
know, it’'s possible that putting staples into wire would short it
out. We were so lucky that didn’t happen. And we stapled that
wire all the way up the block—from one of my friends’ houses to
mine, and then I set up my switch box, drilled some holes in it,
mounted some switches, and you know what? It worked! So then
we had a house-to-house secret intercom system so we could
talk to each other in the middle of the night.

We were about eleven or twelve then, so I'm not trying to con-
vince you this was a professional modern engineering system,
but it really worked. It was just a tremendous success for me.

In the beginning, we used it to call each other, I guess it was
just so cool to be able to talk to each other. We'd call each other
up and say things like, “Hey, this is cool! Can you hear me?” Or,
“Hey, press your call button, let’s see if it works.” Or, “Try my
buzzer out, give me a call.” That was about the first week or two,
and after that we started using it as a way to sneak out at night.
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It didn’t ring in this case, it had to quietly buzz, and it had to work
on lights. So Bill Werner or one of the other guys would signal
me, or I would signal one of them, and we had a code that would
mean different things. I can’t tell you how many nights I woke up
to that buzzer or a light thinking: Oh boy, we're going out tonight!

We were a group of kids who loved climbing out our windows
and sneaking out at night. Maybe it was just to talk, or go out and
ride bikes, or sometimes it was to toilet-paper people’s houses.
Usually girls’ houses. Ha. We’d go out in the middle of the night
and say things to each other like, “Does anyone know anyone
who has a house we should toilet-paper tonight?” To tell you the
truth, I never had any idea who we should toilet-paper—I never
thought like that—but the other guys usually had someone in
mind.

And then we would go to the all-night store and try to buy,
like, twenty-five rolls of toilet paper. I remember the clerk saying,
“Hey, why do I get the feeling that this isn't to be used for its
intended purpose?” I laughed and told him that we all had diar-
rhea. And he sold it to us.



The Logic Game

| did a lot of reading at night when I was a kid, and one of
my absolute favorites was the Tom Swift Jr. series. I would just
eat up those books so quickly; new issues would come out a cou-
ple of times a month and I'd devour them. I don’t think it would
be exaggerating at all to say he was truly my hero.

Now, Tom Swift Jr. was this kid—a teenager, actually—older
than me but still a kid like me. So I looked up to him. And he was
also a scientist/engineer who got to build things in a laboratory.
Anything Tom wanted he could build, and he had his dad to help
him with things. He’d go in and hook wires together and make
contraptions at a company he and his dad owned. So Tom had his
own company, he had his own modes of travel, and he had his
best friend named Bud Barclay. Anyway, in my opinion, Tom
Swift Jr. had the perfect life. And whenever there was a crisis on
Earth, any kind of conflict that needed handling, he sprang into
action. Say the authorities on Earth had detected some alien
energy source and the only way to hold it back would be with a
plasma field. Well, Tom Swift Jr. would build a plasma field. He
could build a submarine if he wanted to. There was no limit to
what he could build. I remember once he built a spaceship to win
a race around the Earth to get the money to do something

25
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good—you know, something good for the planet and all the peo-
ple on it.

That was the kind of thing I wanted to do—build something
that would end up allowing me to do something really good for
people. I wanted to be a do-gooder from the start, just like Tom
Swift Jr. was.

Well, my mom set a curfew at 9 p.m. every night. But after she
turned the lights out, I used the light from this little streetlight
outside my window to read. It hit my floor in one certain space.
I would put the Tom Swift Jr. book down there on the floor where
the light shone in, then put my head over the edge of the bed so
I could read it late, late into the night. I wanted to be just like
Tom Swift Jr.

And like Tom Swift Jr., I did work with my dad a lot on proj-
ects. In fact, my very first project—the crystal radio I built when
I was six—was really all because of my dad. It took me a very long

My Hero

Tom Swift Jr. was the hero of a whole series of children’s adven-
ture novels published by the same people (Stratemeyer Publish-
ing) that did the Nancy Drew and Hardy Boys titles.

James Lawrence, who said he had a deep interest in science
and technology, was the author of most of the titles. | men-
tioned Bud Barclay already, Tom Swift Ir.’s best friend, but the
stories had other elements in common. Anyone who's read them
may remember dastardly spies from Eastern European countries
like “Brungaria,” and an amazingly capable element called
“Tomasite,” which could make anything atorhic-powered. ‘

One famous plot—I believe it was in book 22—involved scien-
tifically regenerated dinbsaurs. That was decades before Juras-

sic Park.




The Logic Game 27

time in my life to appreciate the influence he had on me. He
started when I was really young, helping me with these kinds of
projects.

[ ] o) [ ]

My dad’s and my relationship was always pretty much about
electronics. Later, it became about what I did as an engineer
working at Hewlett-Packard on calculators, or on the first com-
puters I built at Apple. But first, for years and years, it was all
about what Dad did in engineering. I watched, listened, and
worked with him. It was about how fast he could show me things
and how fast I could learn them.

Dad was always helping me put science projects together, as
far back as I can remember. When I was six, he gave me that crys-
tal radio kit I mentioned. It was just a little project where you
take a penny, scrape it off a little, put a wire on the penny, and
touch it with some earphones. Sure enough, we did that and
heard a radio station. Which one, I couldn’t tell you, but we heard
voices, real voices, and it was just so darned exciting. I distinctly
remember feeling something big had happened, that suddenly I
was way ahead—accelerated—above any of the other little kids
my age. And you know what? That was the same way I felt years
later when I figured out how resistors and lightbulbs worked.

But now I had actually built something, something they didn’t
have, a little electronics thing I had done and none of them were
able to do. I told other kids in the first grade, “I built a crystal
radio,” but no one knew what I was talking about. None of them.
I felt at that moment a kind of glimmer that I might have a lead
in things like this from then on. Does that sound crazy? But after
building that little crystal radio and telling everyone about it, I
knew I had done something most people would think was hard
and few kids my age had done. And I was only six. I thought:
Okay. That’s done. What else can I do?

It’s funny, because ever since that crystal radio project when I
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was six, I've spent a lot of time trying to explain my designs and
inventions to people who didn’t know what I was talking about.
So this has happened and keeps happening to me over and over.
Even now.

L ] [o] [ ]

All through elementary school and through eighth grade, I was
building project after electronic project. There were lots of
things I worked on with Dad; he was my single greatest influence.

In the fifth grade, I read a book called SOS at Midnight. The
hero of the book was a ham radio operator, and all his friends
were ham radio operators. I remember how they sent each other
messages with the ham radio and when, after the main guy got
kidnapped, he was able to beat the kidnappers by cleverly
rewiring the TV a little and sending out a signal to his friends.
The story was okay—it was just a story. But what really got me
was the fact that there were people who used these ham radios
to speak to each other long distance—city to city, even state to
state. Now, this was a time when it was hard for me to imagine
even making a long-distance phone call you could actually afford.
Ham radio was the most effective way to reach out to people in
faraway places without leaving home—and cheaply. This was
something that much later led to my phone phreaking (using
special tones to make free long-distance calls) and then to my
use of the ARPANET, which later evolved into the Internet we
have today.

The other thing—the special thing—was on the last page of
SOS at Midnight. It said how to become a ham radio operator. It
said you can become a ham radio operator at any age. All you had
to do was contact the American Radio Relay League (ARRL) for
more information.

I went to school the next day and told my buddy on safety
patrol, “I'm going to get a ham radio license!” I was really boast-
ing, because no one back then knew what I was talking about.



The Logic Game 29

- Ham Radio Making a Difference

To this day, ham radio is popular all around the world. It's a
hobby. Ham radio amateurs use their two-way radios to talk to
each other, share information, and just have fun. ‘
But it’s more than a hobby. From fhe start, ham radio opera-
_tors performed a public service in protecting the airwaves from
radio pirates, and being extremely ethical about how they used
public airways. ' . ,. ,
Many ham radio operators ffdm the early days have gone on
_to make significant contributions to society. There is a lot of

practical applicability in the building and use of ham radio. I'm

- a géod example.

Ham radios were pretty obscure. But this kid I told, he said, “Oh,
you know, there’s this guy down the street, Mr. Giles, and he’s
teaching a class on this. Are you in it?” So this was really lucky. I
remember being astounded. It turned out that on Wednesday
nights Mr. Giles—who actually was a ham radio operator—had
these classes I could take. I learned Morse code there, I learned
some of the electronics calculations I needed, I learned what fre-
quencies ham radio operators were allowed to use. Basically, I
got to learn all the stuff that was going to be on the test you had
to take to be a licensed ham radio operator. My dad saw what I
was doing, and he got his license with me. We both took the test
and passed when I was in the sixth grade. And for that Christ-
mas, I got kits to build a Hallicrafters transmitter and a Halli-
crafters receiver. In today’s money, it probably cost a couple
thousand dollars. That’s a lot of money to spend on a sixth
grader. And building the radio transmitter and receiver was a lot
of work! You had to unpackage hundreds of parts. I had to learn
to solder for that, too. In fact, I soldered together the whole
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A Little More About the Transistor

The transistor will likely go down as one of the gréatest inven-
tions in modern history, ranking right up there with the car, the
telephone, and Gutenberg’s printing press. William Shockley

~ and his team at Bell Labs invented the transistor in 1947.
‘Put most simply, a transistor is a tiny electronic device to con-
» tro!'the flow of electricity. But a transistor is more than that. It
has two key abilities: the first is to a'mplify an electric signal, and

the other is to switch on or off (1 or 0), letting current through

twenty

péred to an advanced computer chip in a modern (circa 2006)

computer, which can include as many as a billion transistors.

thing. We also had to go up on the roof and string antennas of a
certain length, to be right for the signals I needed. This was the
beginning of learning the kinds of things I would need later to
design and assemble computer boards like the one that later
became the Apple 1.

I loved my transmitter and receiver. They were such standouts
in ham radio quality—these days, I even see these models fea-
tured in radio museums and collectors’ magazines. I didn’t really
get into talking to the other ham radio operators—they were so
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much older than me and we really didn’t have anything except for
the ham radios in common. So after building it, I have to admit the
whole thing got a little boring. But this experience was a major
one. For one thing, I'm fairly sure I was one of the youngest ham
radio operators in the country. That was huge for me. But even
more importantly, I learned all about the process of getting a ham
radio license—what I needed to know, what I needed to build the
equipment—and then I built the radio. It gave me a lot of confi-
dence for doing all kinds of other projects later on.

So my dad ended up being a key influence here, too. I mean,
he even got his ham radio license with me—studying with me
and taking and passing the test! The thing is, he never really tried
to lead me in any direction or push me into electrical engineer-
ing. But whenever I got interested in something he was right
there, always ready to show me on his blackboard how something
worked. He was always ready to teach me something.

° [o] L]

My mom really pushed me along, too. In the third grade,
when [ started doing math flash cards at school, my mom prac-
ticed multiplication with me the night before we’d have to do
them in school. And as a result, in school I was the only boy who
could beat the girls at them. I remember a teacher said, “Wow,
that’s incredible. I never had a boy before who could beat the
girls at flash cards.” And again, that was high praise. Girls
always seemed to get better grades than boys, I thought. And
then I thought: Whoa. My gosh, I'm good at something—math—
and I'm going to work harder at it. And I worked harder and
harder to try to always be the best, to try to always be ahead.
That’s what really put me ahead at such a young age, this drive
to keep my lead.

I had a teacher in both the fourth and fifth grades, Miss Skrak,
who really praised my science projects, like I was the smartest
kid in the class because I knew science so well. As you'd predict,
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I accelerated even more later on. In sixth grade I was doing elec-
tronics projects most kids never figure out how to do even in high
school-level electronics. So I was very lucky with all my teachers,
especially Miss Skrak. She came along at just the right time in my
life.

[ ] (o) L]

At about this time, there was another lucky accident. I found
this article about computers in one of the old engineering jour-
nals my dad had hanging around. Back then, back in 1960, writ-
ing about computers wasn’t common at all. But what I saw was
an article about the ENIAC and a picture of it. The ENIAC—
which stood for Electronic Numerical Integrator And Com-
puter—was the first true computer by most people’s definition.
It was designed to calculate bomb trajectories for the military
during World War II. So it was designed back in the 1940s.

This journal had all kinds of pictures of huge computers and
articles describing them. These computers were unlike anything
I'd ever seen. One picture showed a big round tube that looked
like a TV tube. And the article explained that the round tube was
where these huge computers stored data. It used phosphor lights
and then it could read if the phosphors (lights) were on or off—
just like the digits 1 and 0 on today’s computers can be inter-
preted as On or Off—and then it could reset them quickly. This,
the article explained, was actually a way to store data, and I was
just intrigued by that idea. I was about eleven years old at the
time.

Suddenly I realized that some incredible things were just start-
ing to happen with computers at these very early stages. Of
course, they were nowhere near the point of making computers
affordable or usable for the world. They weren’t even talking
about a point where anyone could buy a computer and put it in
your house and learn how to use it yourself. I thought that would
be just the best thing, and that was the dream—The Dream, I
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have to put that in capital letters—because it was the single force
that drove me for years afterward. How to make The Dream
come true. I thought about that constantly.

There were so many incredible things happening with com-
puters at that time, and I would never have known about them
if T hadn’t been too shy to do anything but read magazines at my
house. The amazing thing was that at this early stage in my life,
I'd managed to find this journal Dad had with this stuff in it. This
was a magazine most people were never supposed to see or even
be interested in because it was targeted to high-level govern-
ment engineers.

After that, I was addicted. I started reading and rereading this
journal and others my dad had. I remember one day finding an
article on Boolean algebra. That’s the type of mathematics com-
puters use. And I learned about De Morgan’s Theorem, which is
what Boolean algebra is based on. And that’s how logic became
the heart of my existence, there in the fifth grade. I was learning
that formula and figuring out how to use it so I could swap ANDs
and ORs in logic equations. In logic, for instance, you might ask
if a word starts and ends with vowel. Well, then the formula
would be an AND—there’s a vowel at the beginning and a vowel
at the end. That’s AND in Boolean algebra. But what about a
word that starts with a vowel but doesn’t end with one, or the
other way around, but not both? That's an OR statement in
Boolean algebra.

And in this journal they had diagrams of AND gates and OR
gates and I copied them, learning to draw them the standard way.

For instance, a half-moon shape with a dot in the middle rep-
resents an AND gate. If it has a plus sign in the middle instead of
a dot, it’s an OR gate. Then I learned how to draw a picture that
represented an inverter—it’s a triangle pointing to the right with
a little tiny circle at the very end of its tip. What'’s funny is, I use
these very same symbols when I design electronics to this day,
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and [ learned all this in my room with these journals in front of
me on my bed in fifth grade.

Here’s what was amazing to me back then. I thought to myself:
Hey, at my current level of fifth-grade math, I am able to learn the
math used by a computer—De Morgan’s Theorem, Boolean alge-
bra.  mean, anyone could learn Boolean algebra and they wouldn't
even need a higher level of math than I already had in fifth grade.
Computers were kind of simple, I discovered. And that blew me
away. Computers—which in my opinion were the most incredible
things in the world, the most advanced technology there was, way
above the head, above the understanding, of almost everyone—
were so simple a fifth grader like me could understand them! I
loved that. I decided then that I wanted to do logic and computers
for fun. I wasn't sure if that was even possible.

To say you wanted to play with computers in those days, well,
that was so remote. It was like saying you wanted to be an astro-
naut. It was 1961; there weren't even real astronauts yet! The
odds of being one seemed really slim. But logic was different. I
could see that it just came so easily for me. And it always would.

So that’s how computers became the heart of my life straight
through. As a matter of fact, computer logic was something I
eventually became better at than probably any other human alive.
(I can’t be sure of that, of course. Maybe there were really high-
up people in colleges who were as good at applying De Morgan’s
Theorem in their heads.) But by the time I designed the first
Apple computer, logic was my life. I know it sounds unbelievable,
but I just loved logic and everything about it, even back then.

[ ] o L]

I was in elementary school and junior high at a time when sci-
ence projects were cool—when you weren’t strange if you did
one, and you got celebrated if you won an award. So I got cele-
brated a lot. My science fair projects are some of the things I am
still proudest of. We're talking third, fourth, fifth, sixth, and
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eighth grades here. (For some reason, I didn't enter a project in
the seventh grade.) And these projects were hard, harder than
kids many grades ahead of me could ever pull off, and I knew it
even then. I put some science projects together that, for that
audience of kids and judges, just blew their minds. I was like a
hero, and I won all kinds of awards, including top honors at the
Bay Area Science Fair.

The science fairs gave me the feeling of what I was and could
be in the world, just by entering something good in a science fair.
The teachers recognized something different about me immedi-
ately; some of them even started calling me Science Whiz
because I had all these great projects in the science fairs. And
probably as a result of that, by sixth grade I was doing electron-
ics projects few people in high school could even understand yet.
Those kinds of acknowledgments and those kinds of achieve-
ments made me want to keep working at those things until they
would be my things in the world.

[ ] o] [ ]

My first science competition was in third grade, and I won. But
the project was pretty simple, really. Basically I put together this
little contraption with a light and a couple of batteries and a lit-
tle wire—all mounted on a piece of wood. It was a working flash-
light! A lot of people were surprised by that, and I won. No big
deal, it turns out, because I felt inside it wasn’t really that impres-
sive, and I knew I would do even better the next time.

It was in the fourth grade that I did the first project that really
taught me about things I would need later—physics, electronics,
and the project materials. It was an experiment to see what
would happen if you dipped these two carbon rods into any lig-
uid of your choice. The carbon rods were connected by a wire to
a lightbulb and an AC plug. By dipping the carbon rods into the
liquid, the liquid in effect became one of the “wires.” It could
either act as a good wire or a bad wire—that is, it could conduct
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electricity well or it could conduct electricity poorly. If the light-
bulb glowed, brightly or dimly, you could see how well the liquid
could conduct electricity.

I used every liquid I could get my hands on—water, Coca-Cola,
iced tea, juice, beer. Which liquid conducts electricity best? (The
answer turned out to be salt water.) This is an extremely impor-
tant thing to know if you want to understand, for instance,
hydroelectric machinery or even just plain old batteries.

[ ] (o) [ J

But the next experiment, man, that was a big one. What I did
was build this giant real-life electronic model representing what
each of the ninety-two atoms in the periodic table looks like in
terms of its electrons.

In case you don’t remember, electrons orbit the center of an
atom in much the same way planets orbit the sun. The Earth, for
instance, has a different orbit than, say, Neptune.

My project aimed to demonstrate, with the click of a switch,
how many electrons orbit each atom in the periodic table, and
which orbit around the nucleus they should be in. For instance,
if T hit the switch for hydrogen, one light would turn on, in the
orbit nearest the center of the hole, which represented the
nucleus.

To pull off this project, I had to drill ninety-two holes in a big
aluminum sheet. The holes were located toward the bottom;
each one would hold one switch corresponding to each element.
One switch would be for hydrogen, one for gold, one for helium,
and so on.

Now, I painted a very large picture resembling a bull’s-eye tar-
get—concentric circles in different colors, with a tiny target in
the middle to represent the center of the atom, which is the
nucleus. And I had to drill ninety-two holes into the big orbit pic-
ture, several in each orbit, corresponding to where the electrons
could be in an atom.
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The end result was this. Ask me to show you the electrons for
any of the ninety-two natural elements. Let’s say oxygen. [ would
hit the oxygen switch, and the eight lights representing the eight
electrons that rotate around the oxygen atom would turn on, all
in the proper orbits.

I knew what the proper orbits were because I'd used this big
reference book called The Handbook for Chemistry and
Physics.

This project ended up getting terribly complicated, because by
the time I was dealing with all ninety-two elements I was stuck
with dealing with ninety-two different sets of switches.

That got so tough I finally had to use the information my dad
taught me about the diode, which is the first electronics part I
ever learned about, really. Unlike a resistor, a diode is a one-way
street. You can send electrons—that is, electricity—just one way.
Electricity can go through, but it can’t come back through. If you
try, it will short everything out. And this was a problem because
I'd gotten to the point where if I tried to turn on some middle-
level element and its electrons, I wound up with a feedback path
that ended up turning on a bunch of lower elements and extra
electrons that really didn’t belong there. Anyway, I needed a
solution, and that’s how I learned all about diodes.

Along with this huge display, I also displayed a large collection
of elements. You know, jars of beryllium, pieces of copper, even a
bottle of mercury. I got a lot of these samples just by asking a pro-
fessor at San Jose State to donate them to me.

And yes, I won. First place. Blue ribbon. And that was cool.

But it wasn’t the most important thing. Looking back on it now,
I see this was an amazing learning experience, just classic. My
dad guided me, but I did the work. And my dad, to his credit,
never tried to teach me formulas about gravitational power and
electric power between protons, or stuff like what the force is
between protons and electrons. That would have been way
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beyond what I could understand at that point. He never tried to
force me to try and jump ahead because I wouldn't have learned
it. I wasn't ready for that level of knowledge.

[ ] [ ®

In sixth grade, small step by small step, I learned how to
build AND and OR gates, the basic building blocks of computer
technology. Digital circuits figure everything out—and I mean
everything—based on what is on (1s) and what is off (0s).

I was really getting into logic. My dad had helped me understand
the concept of logic earlier by using the classic paper-and-pen
tic-tac-toe game. This game, if you understand the logic, you will
never, ever lose. That’s what I based my next project on: the tic-
tac-toe machine. The machine I built would never, ever lose. It is
so totally a logic game, but it is also a psychological game
because you can beat someone who thinks they can never be
beaten. If the X is here and the other X is over there, what should
the outcome be? This plywood was covered with parts and it was
a huge project. And having a huge project is a huge part of learn-
ing engineering—learning anything, probably.

Doing long, long jobs that aren’t just some real simple quick
thing like a flashlight, but things that take weeks to build, really
demonstrates that you've mastered something great. Like, for
instance, creating a computerized tic-tac-toe machine that really
works by logic.

Unfortunately, though, the system didn’t win. It blew up. What
I mean by blew up is, the night before the competition, some of
the transistors started to put out smoke. Obviously something
was wrong. I knew it was going to take forever to find out what
piece of equipment had blown and there was no way I was going
to be able to do this in time for the contest. What a disappoint-
ment, because I like to win. I always, as early as I can remember,
wanted to be the best at things. And I often was, as luck had it.

But I also thought at the time that it didn’t mean as much to
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me at that point, just winning the science fair, because I knew,
and my dad knew, that I had actually built this fairly complicated
logic machine and it worked.

I mean, even as a kid it was obvious to me what the important
thing really was. 1 said to myself, Look, showing someone an
award from a science fair is not as important as knowing you
already have the award somewhere at home. And that’s not as
important as having earned it, even if you don’t have the award
at home at all. And that’s not as important as the most important
thing: that you've done the learning on your own to figure out
how to do it. I did that learning on my tic-tac-toe machine, and it
was very, very close to being done and complete. I'm still proud
of it. For me it’'s the engineering, not the glory, that’s really
important.

° o [ ]

Okay, so I'd built that tic-tac-toe system basically by putting
together electronic gates. The idea was to put the gates together
into a system of transistor circuits that would never let you beat
it. And as I said, I came up with the rules by playing all possible
games.

But in the eighth grade I did something altogether different. I
came up with a machine I called the Adder/Subtractor. This
would be the closest thing to an actual computer I'd ever
designed. I can say this because I designed it so it would do
something—you could add or subtract numbers, and the result
would show up on an electric display—but also because it wasn’t
made up of just a set of logic gates like the tic-tac-toe machine.
Addition and subtraction are logic, just like tic-tac-toe; based on
inputting 1s and 0s, you can calculate what 1s and Os come out.

The Adder/Subtractor wasn’t more complicated in terms of
size or construction time than the tic-tac-toe machine, but this
project actually had a goal that was closer to real computing. A
more important purpose than tic-tac-toe. We're taught to add
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and subtract in school, but nobody teaches you tic-tac-toe. It’s
not that important. Adding numbers could put a man on the
moon, tic-tac-toe couldn't.

My project had a function, a real function that was useful. You
could input numbers, add or subtract one, and see your answer.

This Adder/Subtractor was about a foot square. I had a plastic
board filled with holes and store-bought connectors I could plug
down into the holes to form connection points. I plugged the con-
nectors in where needed and soldered transistors and other
parts to them.

I had ten little switches to represent Os and 1s, and another set
of switches to represent more than Os and 1s. So if you wanted
to add 3 plus 2, on one row you would have to toggle the right-
most two switches (which is equivalent to 0000000011, the
binary number representing 3) on the top row. Then, to repre-
sent 2, I had to toggle the next to last switch to the right on the
bottom row. In binary, that is 0000000010. The answer would
show up in lights, the lights I had attached. In this example, two
lights would be on—representing 0000000101, which represents
5. This would all be assuming that you had the Adder/Subtractor
in “add” mode instead of “subtract” mode.

What was impressive about this was that I knew so many lev-
els of electronics, logic, binary number theory, soldering, and all
the experiences of my life so far just added up. I could explain to
judges how binary numbers worked, how you added and sub-
tracted them, and then I could explain how gates were made of
diodes and transistors. I would then show the right combination
of gates that made a one-bit adder (something that could only
add 0 and 1). I could show them a simple modification I did that
could do subtraction as well. I also told the judges how I'd solved
a nonworking problem in the electronics of a gate, switching
from resistors to diodes. That’s real electronics know-how.

On the one board were ten Adder/Subtractor circuits side by



The Logic Game 41

side handling carries and borrows (remember arithmetic) so you
could add or subtract larger numbers—any number up to 1,023.

But here’s the thing. I took it down to the Bay Area Science
Fair one night, to set it up before the day of judging. Some peo-
ple showed me where to put it and asked me if I'd like to tell
them about it. I told them no, figuring that I'd just tell them the
story on judging day. By then I'd gotten kind of shy. Looking
back, I think I may have turned down the judges without know-
ing it.

When I showed up on judging day, all the projects already
had their awards. The judging had already happened somehow! I
had an honorable mention, and there were three exhibits that had
higher awards than mine. I saw them and remember thinking
they were trivial compared to mine, so what happened? I then
looked in the fair brochure and those three were all from the
school district that was putting on the fair.

I thought, Hey, I've been cheated. But that night, I showed
the machine and talked to lots of people—including, I'm sure, the
real judges—and it seemed like they really understood how big
my project was. I mean, it was great and I knew it and everyone
knew it. I was able to explain how I'd used logic equations and
gates and how I'd combined gates and transistors with binary
number (1s and 0s) arithmetic to get the whole thing working.

After that, the Air Force gave me its top award for an electron-
ics project for the Bay Area Science Fair, even though I was only
in eighth grade and the fair went up to twelfth grade. As part of
the award, they gave me a tour of the U.S. Strategic Air Com-
mand Facility at Travis Air Force Base. And they gave me a flight
in a noncommercial jet, my first-ever flight in any plane. I think I
might have caught my love for flying then.

When I look back, that Adder/Subtractor was such a key proj-
ect in my getting to be the engineer who ended up building the
first personal computer. This project was a first step to that. It
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was a large project, for one thing, involving more than one hun-
dred transistors, two hundred diodes, and two hundred resistors,
plus relays and switches. And it performed a function that was
useful: addition and subtraction.

And thanks to all those science projects, I acquired a central
ability that was to help me through my entire career: patience.
I'm serious. Patience is usually so underrated. I mean, for all
those projects, from third grade all the way to eighth grade, I just
learned things gradually, figuring out how to put electronic
devices together without so much as cracking a book. Sometimes
I think, Man, I lucked out. It seems like I was just pointed in such
a lucky direction in life, this early learning of how to do things
one tiny little step at a time. I learned to not worry so much about
the outcome, but to concentrate on the step I was on and to try
to do it as perfectly as I could when I was doing it.

Not everyone gets this in today’s engineering community, you
know. Throughout my career at Apple and other places, you
always find a lot of geeks who try to reach levels without doing
the in-between ones first, and it won'’t work. It never does. That'’s
just cognitive development, plain and simple. You can't teach
somebody two cognitive steps above from where you are—and
knowing that helped me with my own children as well as with the
fifth graders I taught later on. I kept telling them, like a mantra:
One step at a time.
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Throughout most of elementary school, I was a little shy,
but at least I had a lot of friends and was really athletic. I was the
de facto leader of the Electronics Kids because I already knew so
much of the stuff we needed to build the things we wanted to
build. This was a close group in the neighborhood, and that was
great. I loved being able to excel at things, and having people rec-
ognize me for that. Not out of ego, really, just a drive to be the
best.

I was good at swimming and football and made the All-Stars in
Little League, where the other kids told me I was the best pitcher
and runner and hitter on my teams. In fifth grade I was the
smartest student in my class, according to my teachers at least,
and I was elected school student body vice president. Do I sound
like I'm bragging? I know I do, but I don’t mean to. I was just so
proud of all that. All these activities built up my self-esteem, and
that was an important part of my internal development.

But things changed in sixth grade. I wasn’t so popular any-
more. In fact, suddenly it was like I was invisible. All of a sudden,
other kids didn’t recognize me as much for my math and science
skills, which really bothered me. I mean, that’s what I was best at.
This was a time when a lot of students start flirting and engaging
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in all kinds of small talk that I didn'’t relate to. So I wasn't included.
My natural shyness just made me bottom out in sixth grade. I
really stopped enjoying school so much. Socially, I went straight
to the bottom.

I think of the years after that, seventh and eighth grades espe-
cially, as terrible years. Where before I was popular and riding
bikes and everything, suddenly I was socially shut out and not
popular at all. It seemed like nobody spoke to me for the longest
time. I was in the advanced classes and got good grades, but I
didn’'t have much enjoyment doing it.

As an example, I remember few teachers from those bad years.

The only way I can explain it is that when kids that age start
getting social, your position in the group starts getting important
to a lot of people. I've watched this happen with my own kids and
the kids I've taught. Who are the talkers? Who makes the deci-
sions? Who rises to the top? And because I became so shy when
I hit adolescence—well, I just went to the bottom. It was a
tremendous shock for me. Except for the science projects, which
still got me recognized by my teachers and grown-ups, I felt ter-
ribly awkward. I couldn’t identify with other kids my age any-
more. The way they spoke—I felt like I didn't know their
language anymore. And I'd feel too scared to talk because I
thought I'd say the wrong thing.

At the same time I was starting to feel advanced, science- and
electronics-wise, I felt shunned by all these kids who suddenly,
and for no reason I could understand, just couldn’t accept me
anymore. I did electronics when a lot of others started hanging
out and partying and drinking and going to, well, I guess you
would call them make-out parties.

This started in sixth grade, and in many ways, that shyness is
still with me. Even today. I have friends who can just go up and
talk to anybody. They're suave and make friends so easily. Small
talk, they can do that. I can’t possibly do that. I can give speeches
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because I've had something like thirty years of experience doing
it, and I have techniques I use to make it easier, techniques I gained
gradually from having to do public speaking for many years. I just
make lots of jokes to get everyone laughing. Or I build and show off
some electronic device to get people talking to me about it.

Or—and maybe you know this about me—I break the ice and
make people laugh by pulling pranks on them. I could write a
whole book on those pranks alone, that’s for sure.

[ ] o L]

I did a ton of pranks in junior high and high school. I got
caught many times in junior high. The main thing I learned was
that if you told a few others about a prank, the word spread and
you got caught quickly. In high school I was careful in this regard.
I made sure to keep my pranks quiet.

Once, for the benefit of everyone in my twelfth-grade driver’s
education class, I built an electronic siren—it sounded just like a
real police siren—that I could start and stop, holding it under my
chair in the dark during the movie that played as we drove in our
simulators. I wanted to see if anyone braked and pulled over. I'd
make it with tons of batteries so it would last a month or more
and place it on top of the TVs that were in every classroom. (The
TVs were up high, supported from and attached to the ceiling, so
the teachers couldn’t see my sirens.) The teachers would think
the TV had a problem. It’s hard to isolate where a very high pitch
is coming from; I'd read that somewhere.

But later in the twelfth grade, I got caught again. Big-time.

I got the idea to build a little electronic metronome—you
know, the thing that goes tick, tick, tick, to keep time when peo-
ple take piano lessons. I built it, heard the ticking, and thought:
Hey, this kind of sounds like a bomb. So I took some batteries,
took the labels off the batteries so they looked like plain metal
canisters, and I taped them together. And then I wrote in big let-
ters on it: CONTACT EXPLOSIVE.
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I thought: Oh, this will be funny. I'll stick it in Bill Werner’s
locker. I just happened to know his locker code. Bill's locker was
near mine so I put my so-called electronic metronome in. Now,
this was in the morning before school, and after I put it in there,
I could barely hear it ticking. Nobody was going to be tricked by
this if they couldn’t even hear it! I'm thinking: What a bummer
and what a waste if this thing isn’t going to work. But when I
came out of my last final that day, my counselor walked up to me
and said: “Steve, the vice principal wants to see you in his office.”
This was a bad sign. Then again, I thought maybe there was a
chance I was getting the math award for a math contest I had
recently competed in and that’s why he wanted to see me. So I
didn't know for sure if I was in trouble or not.

Well, I sat in the chair in the office waiting for the vice princi-
pal to come in, and all of a sudden this police officer walks in the
door carrying a box with wires coming out of it. And I just
thought, Oh my god, they called the bomb demolition squad!
Then they called me into a room and a cop said, “Look, your
buddy told us everything.” I figured the guy who told them was
this guy I knew, Jerry, who was the only friend I'd told about the
plan. But no, I later found out it was a mistake on my own part
that got me caught. I realized many years later that they meant
they had actually heard it from Bill Werner, whose locker they
found it in. Turns out they’d hauled him out of a final—he looked
at the design and said, “Oh, I know those components. Woz did
it.” Well, that’s what I get for using some of the same parts Mr.
Taylor, who lived next door to me, paid Electronics Kids like me
and Bill Werner with when we worked in his yard.

So I could've denied it at that point, when I still thought it was
Jerry who told them, and in fact, we all had an agreement that
none of us involved in a prank would ever tell on the other ones.
But anyway, I knew I was in big trouble, and finally they sat me
down with the principal, and the vice principal, the counselor,
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the dean, and two police officers. And the principal starts telling
me how the English teacher, Mr. Stottlemeier, had heard a tick-
ing sound in the locker. The principal, Mr. Bryld, told me how he
opened the locker, clutched the device to his chest, and then ran
all the way out to the football field and dismantled it!

I started laughing, even though I was trying not to, so then I
tried to cough to cover it up. But I couldn’t even do that, because
I knew I had rigged the metronome with a switched resistor to
start ticking faster when someone opened up the locker door.

I'll tell you, laughing about that—and how could I not laugh—
well, it didn’t fix the problem any. They debated for a while what
to do with me, and decided to send me to juvenile hall—that’s
right, juviel—for a night. Just one night.

The principal was terribly upset because there had been some
actual bomb threats at the school a few weeks earlier. This
wasn't a bomb. It was a metronome, a joke. But I still had to go
to juvie that one night, and I did make some good use of my time
while I was there. I thought: Well, what do they always say about
prisoners in prisons? That they teach each other crimes. So I did
my fair share. I pointed out to all these big tough guys in juvie
how to remove the electrical wires on the ceiling fan. I said,
“Take those wires off and touch them to the bars when the jailer
comes to open the bars and he’ll get shocked!” I sure had a fun
time there. All those guys in there treated me really nice. This is
way, way before it was cool to be a nerd, of course.

e o o

Later, much later, I found a group where being a nerd was
cooler. In the mid-1970s, a couple of years before we started
Apple, I joined a club called the Homebrew Computer Club. I
loved this group and attended almost every meeting from the
time they started meeting in Gordon French’s garage in Menlo
Park every other Wednesday from 1975 up until 1977, the year
we incorporated Apple. These people had the same dream I
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had—to learn how to build a computer everyone could afford and
use. These were my kind of people. Their prime focus was a
build-it-yourself device called the Altair (which could be
expanded into a usable computer with a huge amount of money)
and the things you could do with it. And they used to have an
hour or more of random announcements (called the “random-
access period”) where anyone who had anything to say could say
it if they just raised their hand.

I had a lot to say, but I was unable to raise my hand or say a
thing. I used to just sit on the edge of my chair listening to them
tell every rumor in the industry about what technologies were
coming out next. [ was that shy. I was in the back row just like I
had been in junior high school.

I finally ended up having to get up and show everybody two
real computers I'd built. (One of these became the foundation for
the Apple I designs.) And as soon as people saw what I had done,
and that it was really impressive, suddenly we all had something
to talk about.

From elementary school on, even up to starting Apple and
beyond, I used my clever designs as an easier, more comfortable
way to communicate with others. I believe all of us humans have
an internal need to socialize. In my case it came out mainly by
doing impressive things like electronics and incredibly showy
and clever things like pranks.

It was probably the shyness thing that in the sixth grade and
afterward put me on the hunt for electronics journals. That way,
I could read about electronics stuff without having to actually
walk up to someone and ask questions. I was too shy to even go
to a library and ask for a book on computers called Computers.
And because I was way too shy to learn the ordinary way, | ended
up getting what was to me the most important knowledge in the
world accidentally.
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Then, in high school, a lot changed again. Most of it had to do
with an electronics teacher I had named Mr. McCollum. He had a
huge, huge influence on me.

Now, Mr. McCollum was an interesting guy. For one thing, he
was a military guy before he was a teacher, which meant he could
tell a lot of jokes, even off-color jokes. So he related well to his
students. Keep in mind that back then, the students in an elec-
tronics class were mostly low-performing students. Electronics
was like a vocational course. There were only a few electronics
students who, like me, were taking top classes in other areas.
And remember that I was a math whiz. [ won the math award
from my junior high graduation and had won some yearly math
awards from my high school, too.

Combine math and electronics and you know what you get?
It’s called engineering.

Mr. McCollum would stand there in front of us doing calcula-
tions on this big yellow slide rule. He would do more calculations
on that slide rule than we even did in chemistry; the course was
that intensive. And Mr. McCollum wrote that course himself. He
wrote handouts that went in a logical order—you know, step by
step, going up the electronics ladder. You learn one thing about
resistors, then a more complicated thing, then you learn faster,
then you put them together. It was such a good way to teach
electronics that I used it later when I taught my own computer
classes in later life.

And Mr. McCollum had the most amazing collection of electron-
ics equipment, really advanced stuff. It was all test equipment I
could never afford on my own, and it was better than what even
most college-level labs had then. Mr. McCollum had been resource-
ful and had gotten the school to buy less expensive electronics kits
in the few first years of Homestead High School. As his students
learned electronics, they built the kits of equipment to take them
further. Now, by my senior year, we had pretty complete labs.
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So we had a lot of equipment. And what a fun class that was.
You build something and it works. You don’t stop finding things
you forgot or did wrong until it works. And you learn about what
happens when things go wrong, which is the number one thing
former electronics students always remember about their
classes. We all got zapped with accidental shocks now and then.
Like the time I got hit with 22,000 volts from a TV set and flew
back about five feet. Whoa. But that, I swear, is what hardware
guys like me get used to. We grow up not fearing shocks as much
as other people.

I now have a roulette shocker—four people stick in their
thumbs and, to the accompaniment of music and flashing lights,
it gradually slows down cycling until one person gets a shock.
Hardware guys will play this game but software guys are always
way too chicken.

Mr. McCollum let me do as much as I wanted—he even pre-
vented me from getting bored by letting me go to work at a com-
pany during school hours on Fridays. It was Sylvania, in
Sunnyvale, and I got to learn how to program a computer. Mr.
McCollum said that I knew everything in his course and I'd just
play pranks on the others in class. Well, we had no computer in
our school, so that was the first time I really got face to face with
a computer I could program, and after that there was no turning
back.

Inever thought I'd be near a computer in my life. I thought, Oh
my god! Computers! I bought a FORTRAN book and told myself,
I'm going to learn how to program. An engineer down there at
Sylvania taught me how to use a keypunch. I remember typing
out my first little program and his helping me put it into the com-
puter and running it.

The first real program I tried to write was called the Knight'’s
Tour. You jump a knight piece around the chessboard, only in
valid moves for a knight, in a pattern so that it hits every one of



Learning by Accident 51

the sixty-four squares on the board exactly once. This is not easy
to do. I wrote my program to go up two squares, then over one
again and again, to try all the moves until you can’t move again.
And if it didn’t hit all the squares by the time it got stuck, the pro-
gram would back up and change a move and try again from there.
It would keep backtracking as far as it needed and then kept
going. That computer could calculate instructions a million times
a second, so I figured it would be a cinch and would solve this
problem quickly.

So here I am with my program and I'm planning how this is just
the beginning of my solving all the sophisticated problems of the
world, but guess what? The computer doesn’t spit out anything.
The lights on the computer flickered, and then the lights just
stayed the same. Nothing was happening. My engineer friend let
it run a while longer and said, “Well, probably it’s in a loop.” And
he showed me what an infinite loop is—when a program gets
stuck and does the same thing over and over and never ends.
(Just as an aside, Infinite Loop is today the name of the street
where the current Apple headquarters is located.) Anyway, the
next week I went back and I wrote my program so that I could
flip a switch in order to get printouts of whatever chessboard
arrangement it was working on. I remember pulling the printouts
out and studying them that very day and realizing something.
The program was in fact working the way it was supposed to. I
hadn’t done anything wrong. It just wasn’t going to come up with
a solution for 10% years. That’s a lot longer than the universe has
even been around.

That made me realize that a million times a second didn't solve
everything. Raw speed isn't always the solution. Many under-
standable problems need an insightful, well-thought-out approach
to succeed. The approach a program uses to solve something, the
rules and steps and procedures it follows, by the way, is called an
algorithm.
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What Is the Knight's Tour?

The Knight's Tour is more than just a mathematical problem
where you have to get a knight around a chessboard. It's an
ancient puzzle, and people have been trying and failing at it for
centuries. The goal is to move the knight sixty-four times so it
lands on each and every chess square only once.
I found two sites you might like if you're interested in
this. http//www.borderschess.org/KnightTour.htm is a Knight's
I Tour puzzle you can do without a chessboard. You do it
online. Another page on the same site—http://www.borders
chess.org/KTsimple.htm—is an actual instruction guide so you can

learn how to do it and blow other people’s minds! Good tuck.

L] (o] [ ]

I had this tremendous respect for teachers back then, I
really did. I thought they were just the smartest people in the
world, right up there with engineers. They were able to stand
up there and talk so naturally, just teach us like that. I mean, I
knew I was real smart, but because teachers had the ability to
read up on topics and then talk about them with so much con-
fidence, I figured they had to be much smarter than I was. I
thought at the time that all my high school teachers were
smart thinkers.

Now I'm a bit more cynical after seeing too many cases where
intelligence in students is defined as everyone reading the same
thing, including the same newspaper and magazine articles, and
having the same answer, and agreeing with the way the matter is
presented.

If you read the same things as others and say the same things
they say, then you're perceived as intelligent. I'm a bit more inde-
pendent and radical and consider intelligence the ability to think



Learning by Accident 53

about matters on your own and ask a lot of skeptical questions to
get at the real truth, not just what you're told it is.

I had a really long walk to and from Homestead High School
every day, and I started using that time to really think. It was a
walk of a few miles, and I started to analyze my own intelligence.
I was struggling in my head with the fact that I had been
extremely smart in math and science and weaker in English and
history. Why was that? Well, I figured those were more subjective
categories, and I watched as nice, sweet-talking girls went up to
the teacher and got their grades raised right there on the spot.
And I thought: Well, gosh, when you're just writing words down,
they’re just words—it’s all subjective and it’s hard to tell what the
real answer is. What I loved most about math was that you had to
have an answer that was either correct or incorrect. You know
what I mean? No gray areas—your answer was correct or incor-
rect and that was it. (Once I found I did have an answer that the
teacher marked incorrect but I knew was right. And it turned out
the book was wrong. Books do that sometimes.) Compare this to
a book report or an essay you're supposed to write where there
are so many interpretations and so many ways to write it. Who's
to say which version the teacher will like? Who's to say who really
understood the book, or who got more out of it?

And so somewhere on those long, long walks, I decided that
logic was superior. This confirmed what I already thought, but I
remember these walks really cementing the idea. I realized that
I probably was not in the mainstream of people and social goings-
on. [ realized I thought differently than most other kids I knew. I
thought: Hey, things are facts or things are lies. Mathematics is a
truth because two plus two equals four, and if someday some-
body finds out two plus two equals five, well, then we just have
to come up with a new truth to deal with that. And to me, the
very closest thing to truth—the main ethic I'd gotten from my
dad and the ethic he’d ingrained in me—was logic. Logic was the
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thing. I decided that the most important measure of a person was
truth, and that the calculations engineers made were the mark of
people who lived truthfully.

[ ] (o) [ ]

One day at Sylvania I saw a manual entitled The Small Com-
puter Handbook. I had this interest in computers but I only
found out about them and how they worked by lucky accidents.
This was one of my life’s luckiest accidents.

The Sylvania engineers let me take this handbook home.
Inside, it described the guts of the Digital Equipment PDP-8
minicomputer. This computer sat in a tall rack of equipment and
had switches and lights and looked like it belonged on a factory
floor or somewhere. I couldn’t say exactly because I'd never seen
a real computer anywhere other than Sylvania. This one hand-
book finally solved a search I'd been on since fourth grade to dis-
cover what a real computer was inside.

I had a good knowledge of logic design, combining parts to
make logic circuits. Now [ had a description of what a real com-
puter was. On my own I sat down for many nights figuring out
ways to combine logic parts to make one of these PDP-8 comput-
ers. That first computer design of mine on paper was huge and
unfinished and probably full of errors. But it was just a start.

Over the next few years, beginning with my senior year in high
school, I found ways to obtain manuals for almost every minicom-
puter being made. There was a flood of these minicomputers
introduced in this time frame. They were taking computing to a
smaller level than the huge machines that filled rooms. A typical
minicomputer with enough memory to program (in a friendly
programming language) was about the size of a microwave oven.

I got manuals for minicomputers from Varian, Hewlett-
Packard, Digital Equipment, Data General, and many more com-
panies. Whenever I had a free weekend, I'd take catalogs of logic
components, chips, from which computers are made, and a par-
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ticular existing computer description from its handbook, and I'd
design my own version of it. Many times I'd redesign the same
computer a second or third time, using newer and better compo-
nents. I developed a private little game of trying to design these
minicomputers with the minimum number of chips. I have no
idea why this became the pastime of my life. I did it all alone in
my room with my door shut. It was like a private hobby. I didn’t
share this activity with my parents, friends, teachers, or anyone
over the years. It was that private.

Because I could never afford the parts to build any of my com-
puter designs, all I could do was design them on paper. Typically,
once I started a design, I'd stay up very late one or more nights
in a row, sprawled on my bedroom floor with papers all around
and a Coke can nearby. Since I could never build my designs, all
I could do was to try and beat my own designs by redesigning
them even better, using fewer parts. I was competing with myself
and developed tricks that certainly would never be describable
or put in books. I had a hunch after a year or so that nobody else
could do the sorts of design tricks I'd come up with to save parts.
I was now designing computers with half the number of chips the
actual company had in their own design, but only on paper.



Chapter 4
The “Ethical” TV Jammer

A guy named Rich Zenkere was selected class clown of
Homestead High Class of 1968. He was a funny guy who sat next
to me in a lot of classes because in most of our classes we had to
sit in alphabetical order. And Wozniak is pretty close to Zenkere
in the alphabet. So Rich, some other guy who sat near us, Scott
Sampson, and I agreed that the three of us should look for col-
leges together.

We planned to visit Caltech. We planned to fly down to
Pomona, California, where Scripps, Pomona College, and Califor-
nia Polytechnic are located.

And then we got this great idea to visit the University of Col-
orado at Boulder. It was where Rich’s dad had gone.

What an exciting time this was for me. I had never been out of
California in my life. I remember we got on the plane in San Jose
Airport, back when it had only two gates, and took a 707 to Den-
ver. We drove from Denver to Boulder by taxi and arrived when
it was too dark to see anything. We passed out from exhaustion
in the hotel room. And then, in the morning, we turned on the TV
to find that it had snowed something like a foot and a half the
night before. So we pulled the drapes, and sure enough there
were inches and inches of snow outside. We were all excited.

56
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I had never been around real snow in my life. Where I lived, it
might snow a little some years, but never enough to stick on the
ground and definitely never enough to make a snowball with. So
this was amazing! All of a sudden we were outside throwing
snowballs at each other. This was a whole new adventure for me.

For some weird reason, we had shown up over Thanksgiving
weekend. I guess we thought they’d have tours on a holiday, but
of course they didn’t. So we just kind of walked around the empty
campus for a couple of days. At one point we actually found an
engineering building and there was a student inside. He walked
us around the halls and showed us where the different depart-
ments were. He showed us all the engineering stuff and talked to
us about the kinds of engineering projects going on at Colorado.

Walking through the snow those two days, I was just so enam-
ored of the place. The brick buildings were beautiful. Their red-
dish color looked so impressive up against the backdrop of the
Flatiron Mountains. It was a college out in the middle of
nowhere—it was about a mile walk to the city.

I thought, This is just so beautiful. It’s so wonderful to walk
around this campus in the snow. And it was that snow that made
me decide this was the college I was going to be attending. Its
entrance requirements were low compared to my grades and
SAT scores—I had perfect 800 scores on all my science and math
entrance tests except for chemistry, where I only got a 770. But
this was the college I was going to go to. The snow made me
decide. I made the final decision right then and there.

[ ] o [ ]

The only problem was, my dad said Colorado would be too
expensive. Next to some state university in New England, it
charged the second-highest tuition in the country for out-of-
state students.

But we finally worked out a deal. He said I could go to Col-
orado for my freshman year and then to De Anza Community
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College, which was close to home, for my sophomore year. After
that, I would transfer to the University of California at Berkeley
for my junior year, where tuition would be much, much cheaper.
I also applied to Berkeley—my parents forced me to—and I sent
in my application on the very last day you could.

I was accepted at Colorado and my parents paid everything in
advance that summer, including the dorm fees and the tuition
fees. But then my dad kept imploring me to go to De Anza, it was
so much closer to home and cheaper. And he could afford, then,
to give me a car.

So [ went down to register at De Anza and saw that the classes
for chemistry, physics, and calculus were all full. What? [ couldn’t
believe it. Here I was—the star science and math student at my
high school and all set to be an engineer—and the three most
important courses I needed were locked out.

It was horrible. I called the chemistry teacher on the phone,
who said if I showed up I could probably get in, but I couldn’t
shake this terrible feeling that my future was shutting down. I
could see it shutting down right in front of me. I felt my whole
academic life was going to be messed up right from the start. And
it was right then that I changed my mind, and decided to see if it
was still possible to go to Colorado.

School had already started there, but after a couple of calls I
found out I could still go. I had everything set up, airplane flight
schedule and everything. I bought the tickets, went down to San
Jose Airport, and flew into Colorado the next day. Just in time for
the third day of classes.

I remember arriving on campus that fall and thinking it was so
beautiful, early September in Colorado. The leaves were yellow
and orange and gold, and I felt like I was just so lucky.

My roommate was Mike. The first thing I noticed when I
walked into the dorm room with my bags was that he’d posted
up about twenty foldout Playboy centerfolds on the walls.
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Wow, that was different! But I thought Mike was a neat guy, and
I used to like listening to his stories of life as a military brat,
about his high school in Germany and all the experiences he
had. He was very sexually advanced, I thought. Sometimes he’d
tell me he wanted the room alone on certain nights, and I knew
why. I'd say, Well, okay. I'd take this tape recorder I had and a
bunch of reel-to-reel tapes—Simon & Garfunkel was my big
group then—and I'd go over to Rich Zenkere’s room and come
back much later. I remember one time I was sleeping and he
brought in this Mormon girl in the middle of the night. He was
really something.

Meanwhile, I'd hang around with other friends I'd made in the
dorm. I went to football games. Our mascot was a buffalo named
Ralphie (a humiliating name for anyone!), and a bunch of stu-
dents dressed like cowboys would race him around on the field
before the game. Ralphie was a real buffalo. I remember how my
friend Rich Zenkere told us that, twenty years earlier, Colorado’s
main rival back then, the Air Force Academy, managed to kidnap
him. And when the Air Force Academy players showed up for the
big game they cooked and ate poor Ralphie.

I believed the story at the time, but you never knew about
Rich. He took things so lightly and easily, always smiling and jok-
ing about the most serious things. He was a little bit dishonest,
though. We worked together washing dishes at a girls’ dorm, and
he ended up getting fired for faking time cards and stuff.

I spent a lot of time in Rich’s room with him and his two room-
mates, Randy and Bud, playing hearts, poker, and bridge. Randy
was interesting to me because he was a serious Christian—a
born-again Christian—and the other two guys would denigrate
him for it. Like he was dumb because of it. But I used to spend a
lot of time talking to him about his beliefs. I had never had any
kind of religious training whatsoever, so I was impressed when he
told me about Christian things like “turning the other cheek” and
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forgiveness. I definitely became his friend. So anyway, we’d usu-
ally play cards late into the night, and I remember thinking, This
is just the best year of my life. It was the first time in my life I
could decide what to do with my time—what to eat, what to
wear, what to say, what classes to take and how many.

And [ was meeting all kinds of interesting people. The bridge
thing ended up getting huge for me. We started playing it right
around finals week, and then it stuck. The four of us played
bridge right off the seat of our pants. We didn’t have any books
or tables in front of us, or anything that normal bridge players
use. We just sort of figured out for ourselves what bridge bids
worked and which ones didn’t. I mean, in my mind, bridge is
more sophisticated than other games.

A lot of card games are based on “tricks” where one person
puts a card down and the other players follow with their own
cards, and the highest-ranking card of the suit of the first card
down wins. That’s a trick. Now, in hearts, you try to avoid taking
certain cards: for example, every heart you win in a trick counts
against you. In spades, you have a round of bidding first, betting
how many tricks you and your partner—the person across the
table from you in a game of four players—will take. If you bet five
tricks and get that many, you get fifty points. But if you overbid
and don't get as many tricks as you thought you would, you lose
that many points. In spades, all of the spades have the special
ability to trump the other cards.

But bridge is at the top end. You not only bet how many tricks
you can take with your partner, whose hand you cannot see, but
you also have to bet which suit will be the trump suit that beats
all other suits.

Bridge is such a good balance of strategy and offense and
defense. And at the same time, you're looking at your hand and
trying to guess what others might have and passing signals for
the bidding. You have to play on so many levels at once. We really
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started out, like I said, knowing nothing. So we all had fun, since
we were all playing at the same level.

But it’s funny, we thought we were real bridge players, but we
never could've gotten around and competed with real bridge
players. A few years later when | was working at Hewlett-
Packard, I tried to join a bridge club in my apartment building
and I couldn’t even begin to play with those women. You see, I'd
never really memorized all those rules of how much you bid when
you have which hands. So all I'd end up doing is messing up my
partner.

These days, I can play bridge pretty well, but it’s only because
I read the bridge column in the newspaper every single day for
years until I could figure out the formulas in my head.

e o o

During college, I worked on one of my favorite projects ever. I
called it the TV Jammer.

The TV Jammer came out of this thing I'd seen my old friend
Allen Baum’s father, Elmer, do over the summer. Mr. Baum was
an engineer, and he’d worked out this little circuit on a piece of
paper. It included a transistor, a couple of resistors, a capacitor,
and a coil that could put out a signal in the TV frequency range.
I looked at it, thinking how cool it would be if you could tune it,
the same way you could tune your transistor radio, just by turn-
ing a dial. So I built a few of these—devices that let you jam a TV
if you just dialed into the right frequency. They were cool.

Well, at some point during my freshman year at Colorado, I
thought it was time to have fun with the TV Jammer. I walked
over to Radio Shack and looked at all their transistors. I saw they
had only one transistor rated for 50 MHz up toward the TV fre-
quencies. I brought that one home. I also bought a little transis-
tor radio so I could use parts of it, like resistors of certain values
and the tuning capacitor, the part the tuning knob connects to.
That would give me a big wide tuning range.
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I hand-wrapped a coil out of some thick wire I had—about
three turns—and I soldered on a little tap halfway down one of
the turns and put a capacitor there. The whole thing was as
small as my little finger, just tiny. I built it on top of the case of
a 9-volt battery in a neat way. You know that little clip on top of
the 9-volt? I stripped it out, hand-soldered it to the connectors
on my little TV Jammer circuit, and then I could plug another 9-
volt battery in as my power source. So I was able to carry this
9-volt battery case with the TV Jammer on it totally concealed.
Except for a little six-inch wire that acted as an antenna, which
I had to hang out the side to transmit. I put it up my sleeve to
hide it.

I went over to a friend’s to try it out on his TV—he had a little
black-and-white TV in his dorm room—and sure enough, I was
able to jam his TV black.

I walked into the main lounge of our dorm where everybody
was watching a big black-and-white TV. I tuned the TV Jammer
and, whack, it blacks out. Wow, I thought, that’s a funny joke.

I showed it one day to Randy Adair, my Christian friend, and
he said, “You should try it on the color TV that’s in the basement
of Libby Hall,” the girls’ dorm.

I walked in there and saw a lot of guys and girls. They were in
there watching that TV all the time, it turned out. I walked in back
where I was in the dark enough, and I turned the TV Jammer on,
expecting it would kill the picture. All it did was fuzz it up,
though. ' :

Well, without any planning whatsoever, my friend Randy, sat in
the front row of chairs, leaned over the TV, and whacked it really
hard. I caught on quickly. I instantly made the TV picture go
clear, which of course made everyone think that the whacking
worked on the TV. I waited for a couple of minutes and jammed
it again. It fuzzed up the picture again and Randy hit it again. And
I made it go clear again. A couple of minutes later I jammed it
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again, but this time I let Randy hit it three or four times before
his whacking “worked.”

So anyone watching would think that, okay, hitting harder
works better. They all thought something was loose inside the TV
and that by hitting it hard with your hand you could fix it. It was
almost like a psychology experiment—except, I noticed, humans
learn better than rats. Only the rats learn it quicker.

Then, later that night, Randy didn't get up to whack the TV. So
someone else did. I was hoping that would happen! Someone else
whacked it, and [ made it so the TV worked. Ha! A whole audi-
ence of guinea pigs. I couldn’t have wished for more. Over a
period of about two weeks, I went there every night to watch
people whack the TV. When that didn’t work, they’'d start to fine-
tune it—in those days, TVs came with tuning controls—and I
would quietly work the TV Jammer so that if they tuned it just
right, the TV worked again.

After a while, I made it so that if someone touched the tuner
and adjusted it to fix the picture, it would work. But then when
they pulled their hand away, the screen would go bad again. Until
they put their hand back on the tuning control, that is. I was like
an entertainer. A puppeteer—with live puppets under my control.

Then the people got this superstition about how it mattered
where your body was. I remember one time there were three
people trying to fix the TV. By this time I would wait for some
interesting thing they would do to fix the picture so I could trick
them into thinking they had done it. One of the three guys had
his hand in the middle of the TV screen. He was standing with
one foot up on a chair. Seeing his hand accidentally rest in the
middle of the TV screen, [ took my cue and fixed the picture. One
of the three guys announced, Hey, the picture’s good. They
relaxed. When the guy in front pulled his hand back, I made the
picture go bad again.

The guy in back of the TV turning the dials on the back of the
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TV said, “Let’s all try to get our bodies where they were and
maybe it will work again!”

A few seconds later, the guy in front rested his hand back on
the middle of the screen and I did it again, fixed the picture. He
tested it by pulling his hand away—I made the picture go bad—
and then putting it back on the screen—and I made it go good
again.

Then I noticed him take his foot off the chair and put it down
on the floor. Again, I ruined the picture. When he put his foot
back on the chair, he looked so startled when the picture went
clear again. God, was I good to pull this off without ever getting
caught.

He turned to the other students in the room and loudly
announced, “Grounding effect.” He had to have been an engi-
neering student to have known a word like that back then.

The dozen or so students stayed for the second half hour of
Mission Impossible with the guy’s hand over the middle of the
TV! And TVs were pretty small back then.

The only trouble is, I'd gone too far. For the next few weeks,
virtually no one showed up in that TV room. They had had
enough.

e o o

Later in the year, they all came back again. So again I would
play with this game, and just have so much fun. Sometimes peo-
ple would have to pound the TV as hard as they could on top.
Other times, there had to be three people on the TV at once—
one pounding, one tuning, and one turning the color dial on the
back that adjusted how much red, green, and blue the picture
had. After that, they needed more than me to get the picture
back! So a repairman had to be called.

After the repairman came, I heard someone at the TV mention
that he’d said it was an antenna problem. I jammed the TV again,
so what did they do? Of course, someone picked up the twin-lead
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antenna wire and lifted it up over his head. I made the screen go
good. He put it down and I made the screen go bad again. Up,
good . . . down, bad. And after a while, I made it so he had to hold
up the antenna higher and higher. This guy’s trying to watch the
last five minutes of some show, and he’s stretched out to the ceil-
ing, it was hilarious.

Except for Randy, I never told anyone else about it the whole
year. I found it just amazing that at no time did anyone suspect
that a human was toying with them. They never caught on! It was
so funny. I couldn’t make up a story this good. The only time I
regretted using the TV Jammer in the TV room was during a day-
time watching of the Kentucky Derby. Of course, I timed it down
to the last stretch, and then I jammed the TV. Those kids erupted
like animals, throwing chairs at the TV and everything. If it had
been a human being, they would have beaten him to a pulp, they
were that upset. And I felt horrible because I knew that if they
had found me out on that day, it would’ve been hospital time.

There’s a point where a joke crosses to a point where it is
beyond funny—not funny anymore but scary—and this was it.

[ ] o] [ ]

I had a computer class at Colorado where I took the TV jam-
ming concept a little further.

Just the fact that I was able to take a computer class was
amazing. Back then, there were only a few colleges that had com-
puter courses. Undergraduate computer classes were virtually
unheard of, so this was a graduate class. Being enrolled in engi-
neering at Colorado, even as a freshman, meant I could take any
engineering class, even graduate classes, as long as I met the pre-
requisites. And luckily there weren't any for this course. This
class was just amazing—in it, they taught everything about com-
puters, their architecture, their programming languages, their
operating systems, everything. It was such a thorough course.

The only problem was, it was held in the engineering building,
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where the classrooms were really small. So only a third of our
class got to see the professor in person in one room. The other
two-thirds had to watch on TV, on closed circuit, in a room that
had four TV sets on the wall.

So I thought, Okay. What a great opportunity for the TV Jam-
mer. But first I had to make an even smaller TV Jammer, a ver-
sion that would be even harder to detect. So I built one inside of
a Magic Marker, including the battery and everything. (I'd taken
the pen apart and put in a AA battery. At the very end of the pen
I put in this little thumbscrew for tuning.)

I took it to computer class one day. I went to my usual seat
over to the left rear of the class, and I took my little TV Jammer
pen, turned it on, and tried to jam the TVs. I didn’t know if I was
going to be able to do this—I wasn’t sure if it was even possible
to jam TVs where the antennas came in on a coax. After all, coax-
ial cable was unusual in those days. The normal thing was to have
twin-feed antennas.

But, sure enough, all the TV sets jammed. The one real near me
didn’t jam up that bad, but the other ones did. Well, almost
instantly these three teaching assistants started looking at us. One
of them said, “Okay. Whoever’s got the transmitter, turn it off.”

Wow. I didn’t even know there were TAs in the class. So while
they’re looking right at us, saying “turn it off,” do you think I'm
going to reach my hand down and turn it off in plain sight? No
way.

My plan had been to just jam it for a few seconds, but now I
couldn’t turn it off without getting caught.

So I'm sitting there kind of scared, afraid to move because
they’re watching us so closely. I couldn’t even put my hand near
it for fear that it might make the images on-screen wobble. I
didn’t even want to reach over to my Magic Marker and click the
Jammer off because the guy next to me would hear me click
something. He'd know I did it.
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Eventually the TAs sat down, but they kept watching us.
There was nothing they could do. And you know, the TVs weren’t
jammed so bad that we couldn’t watch the professor or take
notes. So our class just went on, with all of us watching the
jammed TVs.

So I've got my Magic Marker TV Jammer sitting there between
the two rings of my binder when suddenly the guy who'’s sitting
the closest to the TV jammed the worst, in the right rear of the
classroom, decides to gather his books and leave early. I decided
to make the TVs waver as he was walking out. I felt like I could
get away with it. I couldn’t resist.

As he was leaving, the picture back there on the right rear TV
went perfect. One of the TAs pointed at him. The TA said, “There
he goes.”

Pranks are entertainment, comedy. Not only did I manage to
pull off this prank, but I managed to make it look as if someone else
had done it. That’s a step beyond the old rule “Don’t get caught.” I
learned how to use that technique many times throughout my
prank career. And if you're shocked that I can trick people with my
pranks and not feel dishonest about it, remember that the basic
form of entertainment is to make up stories. That’s comedy.

I don’t know if they ever did anything to that guy, but I doubt
it. I hope not. It’s not like they could catch him with a TV Jam-
mer. As far as I knew, I had the only one.

L ] o L]

But I did end up getting in some trouble that year.

You see, I started writing programs that could kick paper out
of the computer over at the computer printers everyone had to
use at the Computer Center of the University of Colorado. That
wasn’t a big deal. But then I thought, Okay, what are computers
for? Theyre for calculating numbers. Calculation has always
been central to my association with computers, you know. So I
tried to think up something really clever.
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I wrote seven programs—they were all real simple but
extremely interesting in a math sense. One of them dealt with
what I called “magic computer numbers.” That would be the
powers of two. So 2! equals 2, 2% is 4, 2% is 8, 2*is 16. These are
the binary numbers all computers work with, so they are the
most special of all the computer numbers.

I made it so the printer would print out the results formatted
in a way that was readable. For instance, one line might say: 1, 2.
That meant 2 to the first power is 2. The next would say 2, 4: 2
to the second power is 4. You will see that the numbers get really
big really fast. For example, 2 to the eighth power is 256; 2 to the
sixteenth power is 65,5636. So pretty soon I am filling up pages
with these really long numbers! After enough pages, the powers
of 2 would be almost a line long. Then they would expand to two
or three lines. Eventually it got to where each number might be
a whole page or more!

Another program worked with Fibonacci numbers. These are
numbers that go in a sequence like 1, 2, 3,5, 8, 13,21, 34 . . . Each
Fibonacci number is the sum of the two numbers preceding it. So
it’s a never-ending sequence. All of my seven programs did this—
calculated numbers in these long, ridiculously long, sequences.

Some programs have loops and don’t stop running because
there is a bug, or a problem, with a program. That is called an
infinite loop, which I told you about in connection with the chess
game I did back in high school. Anyway, the Computer Center
automatically kicked off any program that ran more than 64 sec-
onds. So I figured out that all my computers could print out 60
pages in under 64 seconds, and that’s why I wrote each program
to print out only 60 pages all numbered page 1, page 2, etc. The
next time I ran the program, it would print the next 60 pages
(beginning at 61), and so on. I wrote all my programs so they
would punch some cards I could use the next time so the pro-
grams could pick up where they left off.
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I would walk over to the Computer Center every morning and
drop my seven programs off. Then, around noon, I would pick up
my outputs and resubmit the programs. Then I would come back
in the evening and resubmit them. I would get three runs a day
times 60 pages times seven programs piling up in my dorm room.
Mike, my roommate, started getting a little upset at all the space
it was taking up. It was really piling up: reams and reams, feet
and feet of computer paper, all stacking up in my dorm room.

Then, one afternoon, I got to the Computer Center for an
afternoon run and they didn’t have my programs there. There
was a note there saying I should see my professor right away.

I went to see him in his office. He said, “Okay, sit down.” He
started a tape recorder—he punched a button and started
recording us. I remember I got a bit scared.

“You've been running these programs on your own,” he said.

And I said, “Yes. We were in a programming class. [ was learn-
ing programming. I ran them under my own student number. I
didn’t try to hide the fact I was running them.”

“This had nothing to do with our class,” he said.

“It was FORTRAN,” I told him.

“This is not the FORTRAN we teach,” he said. And he was
right. Because I had gone way into the manuals to find little

What Is FORTRAN?

FORTRAN is a computer language developed in the 1950s and
still heavily used for scientific computing and numerical compu-
tation half a century later. The name comes from the words

“Formula Translation.” As a compiled language, it is typically

faster and more powerful than an interpreted language such as
BASIC.
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tricks of mathematical symbols. I had gone way beyond simple
programming, and we both knew it.

He said it took him a long time studying my programs to figure
out what they did, but he finally figured them out. He said: “Are
you trying to get me?”

Get him? I didn't know what he meant by that. I guess he felt
threatened by the unrest happening in relation to the Vietnam
War. The Students for a Democratic Society (SDS) was big on
that campus. But I was totally apolitical except for registering
once to be in the University Republicans Club! I mean, I was just
a mild, meek engineering student and would never be involved in
anything politically subversive.

“Out to get you?” I said. I had no idea what he was talking
about.

Well, he picked up the phone and called someone at the Com-
puter Center. “These programs . . . Mr. Wozniak should be billed
for this computer time.”

Then I found out what I'd done. I'd run my class five times over
its annual budget for computer time. I didn’t even realize there
were budgets. I thought if you're in a computer class, you get
computer time. That was logical to assume. But now I realized I
ran up a whole lot of money on his account, and my best guess is
he was using me to get out of it. [ didn’t think they would actu-
ally charge me, a student. A freshman. But I was scared because
the amount he was talking about was in the thousands of dol-
lars—many times the out-of-state tuition money.

So that’s how it became very clear to me, at the end of that
school year, that I was not going to make it an issue with my par-
ents and try to go back to Colorado. I was on probation for com-
puter abuse. I wouldn’t let my parents find out. I didn’t want
them to get billed this huge amount of money. So that’s how I
decided to go to De Anza Community College the next year,
instead of going back to Colorado like all my friends.
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What really bothers me when I think of this now is, they
shouldn't have charged me. They should've praised me for doing
these brilliant programs all on my own.

And I did get an A-plus in that class.

[ ] [o] [ ]

Now I was back home and attending De Anza Community Col-
lege. I spent a lot of time designing and redesigning computers
on paper, which is what I'd been doing in high school. Like when
I took the manuals of popular minicomputers at the time (the
pizza-box-sized, rack-mounted computers from Varian, Hewlett-
Packard, Digital Equipment, and other companies in 1969 and
1970) and redesigned them, over and over, on paper so they
would take fewer chips and run more efficiently.

By the time I finished at De Anza, I had literally designed and
redesigned some of the best-known computers in the world. I'd
become an expert on designing them, no question, because I'd
redesigned their prototypes so many dozens of times. I'd done
everything but build them. There was no doubt in my mind that
if I ever did build them, I could get them to work. I was this vir-
tual expert—and yes, I mean that in the software sense of the
word “virtual.” I never built those computers, but I was so
entranced by and familiar with their innards that I easily could
have taken any one of them apart and rebuilt it so that the com-
puter would be cheaper, better, and more efficient.

Inever had the courage to ask chip companies for free samples
of what were then expensive chips. A year later I would meet
Steve Jobs, who showed me how brave he was by scoring free
chips just by calling sales reps. I could never do that. Our intro-
verted and extroverted personalities (guess who’s which) really
helped us in those days. What one of us found difficult, the other
often accomplished pretty handily. Examples of that teamwork
are all over this story.
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Once, at De Anza, my quantum physics teacher said, “Wozniak.
That’s an unusual name. I knew a Wozniak once. There was a
Wozniak who went to Caltech.”

“My father,” I said, “he went to Caltech.”

“Well, this one was a great football player.”

That was my father, I told him. He was the team’s quarterback.

“Yes,” the teacher said. “We would never go to football games,
but at Caltech, you had to go just to watch Jerry Wozniak. He was
famous.”

You know, I think my dad was the one good quarterback Cal-
tech ever had. He even got scouted by the Los Angeles Rams,
though I don’t think he was good enough to play pro. Still, it was
neat to hear from a physics teacher that he remembered my dad
for his football. It made me feel like I shared a history with him.
The teacher once even brought me a Caltech paper from back in
those days with a picture of my dad in his uniform.

I didn’t get along with all the teachers, though. I was taking an
advanced-level math class, and the teacher caught me not paying
attention. (I was trying to figure out how to write a FORTRAN
compiler in machine language for the Data General Nova.)

I was just at the first line where you have to enter something
and store it in memory when he said: “You've got so much poten-
tial, Wozniak. If only you’d just put yourself into this material.”

It stung me the way he said that in front of the whole class.
That wasn’t necessary. I just wanted to sit in class and do what-
ever it was I felt like doing. Maybe I was bored, I don’t know. I was
the sort of person who read the book, took the test, and got good
* grades in subjects like math.

e o o

It was also at De Anza that I got this mental turnaround on pol-
itics. I started seriously thinking about whether the Vietnam War
was right or wrong. Who was it helping, and did we have any
place there?
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Back in high school, I was for the war. My father told me our
country was the greatest in the world, and my thinking was like
his: that we had to stand up for democracy versus communism;
and the reasons why, stemming from our Constitution. I had
never thought deeply about political issues aside from that, and
I was really for my country, right or wrong. I mean, I was for my
country the same way you root for your school’s team, right or
wrong. At the University of Colorado, the University Republicans
Club was one of the only two clubs I joined (the other was the
Amateur Radio Club).

But I started to wonder why so many people were protesting
the war so visibly. A lot of academics and journalists were talking
about the history of the Vietnamese people and had explanations
for why the U.S. position was wrong. It was a civil war, involving
treaties, agreements, and a history that didn't affect the United
States one whit. The trouble is, I could find no intelligent aca-
demic reasoning coming from the pro-war side, just the constant
refrain that we were doing good. They could only say that we
were there protecting democracy.

One of my biggest problems was that South Vietnam, which we
were supposedly protecting, wasn't even close to a democracy. It
was more like a corrupt dictatorship. How could we ever stand
up for a dictatorship? I started seeing that there was a lot more
truth on the side of the people against the war.

The people against the war were also talking about how good
peace was compared to war. Sure, the world can't live in perfect
peace and harmony, but it’s a good ideal. I had come to learn of
Jesus, from my friend Randy Adair in college, that he always
tried to find ways toward peace. Although I'm not a Christian per
se, and don’t belong to any religion, what Jesus the historical fig-
ure stood for were things I stood for, and those stories Randy told
me about him struck a chord with me emotionally. I didn’t believe
in violence or hurting people.
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At De Anza, I thought deeply about the war. I considered
myself to be athletic and brave. But would I shoot a bullet at
another human being? I remember sitting alone at the white
Formica table in my bedroom, coming to the conclusion that I
could let someone shoot at me, but I couldn’t shoot back.

I thought, What if I'm in Vietnam and I'm shooting at some
guy? He’s just like me, that guy. He sits down just like I do. He
plays cards and he eats pizza, or the equivalent of it, just like nor-
mal people I know. He has a family. Why would I want to hurt this
person? He might have his reasons for being where he is in the
world—and Vietnam had its reason—but none of these reasons
ever touched me in California.

From that standpoint, I could see how this war could be a
pretty dangerous one for me. Because I was morally and truth-
fully a conscientious objector in every sense. But the military
only counted you as one if you were in a church (which made you
exempt from conflict duties), and I had no church. I had no reli-
gion. I just had my own logic.

So I wasn'’t a conscientious objector, I just objected to my per-
sonally having to kill or hurt anyone.



Cream Soda Days

When | was about nineteen, I read the Pentagon Papers and
learned what was really going on in Vietnam. As a result, I started
to have some major conflicting feelings and some nasty fights
with my dad. ‘

By then he was drinking heavily, and he wasn’t the greatest
opponent to argue with. But I had a new truth that replaced the
old one even more strongly. I started to believe in peace. And I
began to realize how far governments would go in order to get
people to believe them.

For one thing, the Pentagon Papers showed what the CIA and
the Pentagon people truly knew, and that the president was
being carefully coached to put words together and lie to the
American people. He was saying the opposite of the truth to trick
the American people into thinking they should actually support
the war. For instance, the papers got right down to the Gulf of
Tonkin incident—which never happened the way the govern-
ment said it did. The papers also said how, in every battle, the
public was always told that ten times as many Viet Cong as Amer-
icans died, despite the fact that we had no way to count them.
And most Americans believed this crap. The Pentagon Papers
documented this deliberate deception.

75
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Learning about that was one of the hardest things I had to deal
with in my life. You see, I just wasn't raised to believe that a
democracy like ours would spread these kinds of lies. Why was
the United States government treating the American people as the
enemy and purposely duping them? It made no sense to me.

And the worst thing that came after that, for me, wasn't the
Vietnam War itself, but the pain and stress it caused people.
That’s because, as I was becoming an adult, I started gaining a
new ethic—a profound care for the happiness and welfare of
people. I was just starting to figure out that the secret to life—
and this is still true for me—is to find a way to be happy and sat-
isfied with your life and also to make other people happy and
satisfied with their lives.

Even in high school, where I believed in truth with a capital T,
I was willing to change my beliefs if someone came along to show

The Gulf of Tonkin

Not everyone reading this is going to remember this incident,
but finding out about it was instrumental in changing my own
feelings about the Vietnam War.

The Gulf of Tonkin incident was an alleged attack on two
American destroyers (the USS Maddox and the USS C. Turner
Joy) in August of 1964 in the Gulf of Tonkin by North Viet-
namese gunboats. Later research indicates that most of the

attacks did not actually occur.

According to the Pentagon Papers and various reports, the
attacks were pretty much made up by President Lyndon B. John-
son’s administration. The U.S.-supported South Vietnamese
regime had been attacking oil-processing facilities in North Viet-
nam, but it was the CIA that helped plan and support it in order
to give the administration a good reason to involve the U.S. in
the conflict.
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me something better. That’s what the Pentagon Papers did for
me. They pointed out that even the president was subject to the
pressures of the military-industrial complex, the major institu-
tion of our land. And after reading this, I decided not to vote, that
it wouldn’t matter either way. I figured that pretty much I'd get
the same life no matter who was elected. I thought it was better
not even to go into the voting booth.

But I did vote a couple of times. I voted for a guy named
George McGovern, who promised he’d find a way to stop the war.
I voted for Jimmy Carter, because the words he spoke seemed to
come from the same philosophical point of view as my own. He
believed, as I did, that war was a last resort and not a first.

Ivoted for George W. Bush in 2000, because I thought it would
be nice to have an average Joe kind of person in the White House
instead of a smart, well-educated one. Someone who could only
speak in very small words. Okay, I'm joking. The fact is I voted for
Ralph Nader. But since all the pundits said that a vote for Nader
was a vote for Bush, I now tell people I voted for Bush just to
watch their jaws drop.

Seriously, though, I still think about this whole era with a lot of
pain. Being brought up by my dad, who’d taught me that we had
the best government in the world and that our government was
the best one there ever could be even with its flaws, well, that
kind of fell apart. He told me the purpose of the government was
to take care of its people and make things better for them.

During the Vietnam War, of course, there was a mandatory
draft. When you turned eighteen, you had to register. If you were
a college student, you would get what was called a 2S deferment;
otherwise you would be classified as 1A. That meant that any day
the military could draft you and send you off to boot camp.

Once you were 1A, the government had a year to draft you.
After that, you would be exempt. That’s why not everyone who
was 1A wound up serving.
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I submitted a report card to the San Jose draft board in order
to get my 2S deferment, but I didn't submit one of the proper
forms the government required to show you were a college stu-
dent. By mistake I only sent in my report card.

A couple of months later, a big delay, I received notice that the
San Jose draft board had voted five to three to make me 1A.
What? But [ was a student.

This is when [ decided that I would go to prison or Canada or,
more likely, try to get let off by a judge rather than go to Vietnam.
In fact, a judge in San Jose—his name was Judge Peckham—had
let a couple of guys off as conscientious objectors despite their
lack of membership in a church.

One of those people let off had been one of the brightest math
stars at my high school, Allen Stein. Quite a coincidence. So I had
good reason to expect the same in my situation.

So since [ was 1A anyway, I took a year off from school to pro-
gram computers and earn money to pay for my third year of col-
lege and buy a car.

Then an amazing thing happened. The U.S. Congress created
a draft lottery. That meant that those of us who were 1A would
know the likelihood of our being called up. This was so it
wouldn'’t be random. That way, you would know your chances—
and I thought it was great. It helped me plan my life.

The way the draft lottery worked was your birthday deter-
mined what order you got called in. They would assign every-
one’s birth date to a number from 1 to 366. So January 1 might
be 66, January 2 might be 12, it was totally random.

Well, during the week before they announced the results of
the lottery, I got a feeling I have never had before or since. A feel-
ing of physical warmth, like [ was going to be protected and get
a high number in this lottery. I had a stronger level of certainty
than I would ever have let myself feel about the unknown. I can’t
explain it. 'm not a superstitious person in any way. I have
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always believed in reality, the truth, and the provable. But this
was so certain in my head. I rode my bike around, just smiling
and smiling and smiling about it. I couldn’t stop. It was a wonder-
ful, positive feeling, and I couldn’t ignore it and pretend it wasn’t
there.

And sure enough, I read in the newspaper the day of the draft
lottery that I got number 325. A great number! That meant it was
virtually certain I wouldn’t be drafted. It’s so weird. I got such a
great number, but [ wasn’t even surprised or elated. I felt like I'd
known it all along. The feeling I'd had was that strong.

But then something terrible and unexpected happened.

About a week after I got my draft lottery number, I got a letter
from the San Jose draft board. It said—in one sentence—that
they were granting me a student deferment after all.

This, after taking months to notify me that they’d voted five to
three not to grant my student deferment when I deserved it, was
bad enough. But worse, it also meant that in a later year they
could make me 1A a second time.

I stood there with the letter in my hand, stunned. They were
playing tricks with my life. Dirty tricks. They used the application
I'd made for a student deferment as an excuse to grant it to me
now, knowing that I already had a great 1A number.

[ ] o L]

From that point on, I saw that the government would do what-
ever it could to beat a citizen, that it was just a game. And this
was the exact opposite of the way I had thought of government
my whole life. That episode taught me an important lesson about
government, authority, even the police. You couldn’t trust them
to do the right thing.

Now I had to go back to the draft board and request to keep
my 1A—which was what I'd had anyway—and keep the same
number. Luckily, they agreed.

I can’t even describe to you the shock and disgust I felt at our
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government: that they would play this kind of game with my life,
that they didn’t care about people the way my dad had taught
me. I'd thought the government was here to protect us, but that
turned out to be wrong. I now believed the government was just
out to do what was good for the government and would lie about
anything they could get away with. They were not there to do
sensible things, and they played with my life in the worst possi-
ble way.

From then on, my dad and I were at complete odds. I never
trusted authority after that. That’s too bad, because since found-
ing Apple and all, I've met lots of good people in the government.
But still, this hangs over me. I can hardly trust anything I read.

So between the time I was a kid, when my dad taught me
extreme ethics, and the time I realized what was going on with
the Vietnam War, I changed profoundly, a full 180 degrees. I
became skeptical. I stopped believing blindly in things. It was a
major turning point. I lost the trust I'd always had in institutions
of all kinds and it has never really returned.

I swore to myself I would put up my own life before letting
something like the Vietnam War ever happen again to young kids.
[ ] (o] [ ]

Maybe you've seen pictures of me from the early days and
thought I looked like a hippie. I guess I did, a little. But let me tell
you, I was never a hippie.

I tried to be a hippie, but I could never be what they were—
not in high school or even in college when all that protest stuff
was going on. I'd try to hang out with hippies because 1 stood
with them politically, but they’d usually ask me to leave because
I wouldn'’t use drugs. I still wanted to hang around them because
I felt my mind was so open—as open as theirs were—and I got
what they were saying. I wanted them to be open with me, but
their drugs got in the way. They didn’t trust me because [ wouldn’t
do drugs with them.
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But I believed in almost everything they were trying to do.
Everything I was reading about hippies and hippie beliefs in the
late 1960s—the free love movement, things like putting flowers
in guns—I knew that was me and what I wanted to be. I agreed
with every bit of it. I believed, like hippies did, that everybody
should be able to get along and help each other out and live out
whatever kind of existence they wanted. And I believed it could
be an existence without structure and without laws and without
organization and without politics.

People should just agree to live together and be good people,
I really believed that. I was tremendously influenced by these
kinds of hippie thoughts, these kinds of philosophies.

I would wear this little Indian headband, and I wore my hair
really long and grew a beard. From the neck up, I looked like
Jesus Christ. But from the neck down, I still wore the clothes of
a regular kid, a kid engineer. Pants. Collared shirt. I never did
have the weird hippie clothes. I was still middle ground; I was still
the way I'd grown up. No matter how hard I tried, it was like I
couldn’t get outside of normal. Hippie is a way of life, not just a
matter of clothes and hair, and I didn’t lead that kind of life. I
didn’t live in weird little places with no money with weird cur-
tains hanging in my windows. And I didn’t do drugs. I wouldn't.

At the time, not doing drugs or drinking made me real differ-
ent. I mean, at the time, especially during my second year at De
Anza and for years and years after, people would say things like:
“Oh, using LSD can really expand your mind.” I remember a
guy—John was his name—who claimed that all the A’'s he got
were when he was on acid.

But I thought to myself: Well, if drugs are really better for your
mind and can make you think better, then wait a minute. When
you take a drug, it’s you plus the drug that’s working, right? It’s
not just you. And I really, really wanted to be successful in my life
just based on me and my mind alone. I knew that I was bright and
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that my brain was going to take me places. I didn’t ever want it
to be an equation that amounted to a result coming from my
brain plus something else. [ wanted to be judged on my own abil-
ities, on what I did and what I thought, and that alone. So that
was pretty much my view on drugs, and I never did any of them.

As for drinking, I didn’t even get drunk until I was thirty, in
1980. It was on my first flight out of the United States to Sri
Lanka. I was extremely scared on the plane so I was drinking. I
wasn’t sure they’d let you off a plane if you were drunk. I man-
aged to walk off the plane without assistance, and I ended up
telling a really awful joke to a customs official:

A lady who'd never seen an elephant before saw an escaped
one in her garden. Shrieking, she called the police. “There’s a
huge animal in my garden!” she said. “Pulling up the vegetables
with his tail! And you wouldn'’t believe where he’s putting them!”

I don’t remember if he laughed or not. I don'’t think so. It’s not a
joke I normally would have told. It’s sort of dumb and hard to get.

Anyway, I never liked alcohol. It made people act noisy and out
of control. My dad, for instance, he used to drink martinis. I
always noticed how he reasoned differently when he was drunk.
Especially as he and I got older, I thought it got really out of
hand, the way he would get drunk and yell at my mother. That’s
not the way he was when he wasn’t drinking.

So I didn’t drink or do drugs, and as I said, that usually made
it kind of weird for the hippie people I wanted to be friends with,
people who thought like me in every other way. What a sad thing.
During that second year at De Anza, I remember driving my first
car down to Santa Cruz. This was back when there were hitch-
hikers all over the place. (The car I was driving was this purple
convertible I'd named Hubbs after a weird chemistry professor I
had, but it wasn’t that funny a joke because neither the car nor
the professor was really that weird.)

Anyway, I stopped and picked up a group of people. They were
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definitely hippies. And I took them down to Santa Cruz. We're
hanging out on the boardwalk and I notice that one of them, a
young girl sitting on a bench, was breast-feeding. Breast-feeding!
I'd never seen anything like that before in my life! I just turned
my head away really quickly, but it made such an impression on
me. I started talking to her, and immediately fell in love with her
and her baby. It turned out that she and her baby and a bunch of
people all lived together in this commune near me in Sunnyvale.
Later I would ride my bike out there a lot and stop at a park near
their house and read books. I would go over and hang out with
them. We’d eat and do the ohm chanting and all of that. And they
would take me with them to meet all these Eastern philosophy-
type teachers, really getting me exposed to Eastern thoughts of
peace and quietness. I listened to these principles of meditation,
and I would just sit down and try to get my head into a quiet
place by myself.

The sad thing was, eventually even these hippies didn’t want
to hang around me anymore. It made them uncomfortable that I
didn’t do drugs.

So this was a hard social time for me. I remember that at one
point I was taking some night classes at San Jose State and this
pretty girl comes up to my table in the cafeteria and says, “Oh,
hi.” She just starts talking to me, and I'm so nervous all I can
think to ask her is what her major is. She says, “Scientology.” I'd
never heard of this, but she assured me it was actually a major
and I believed it.

She invited me to a Scientology meeting, and of course I went.
I ended up in the audience watching this guy make this incredi-
ble presentation about how you can basically be in better control
of yourself and that you could get really happy from that.

After the meeting, the girl I met sat with me in some little
office for an hour, trying to sell me these courses to become a
better person. I was going to have to pay money for them.
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I said to her, “I've already got my happiness. I've got my keys
to happiness. I don’t need anything. I'm not looking for any of this
stuff.” And I meant it. The only thing I might've wanted was a
girlfriend, that’s for sure, but the rest of the stuff I already had. I
had a sense of humor, and I had this attitude about life that let
me choose to be happy. I knew that whether to be happy was
always going to be my choice, and only my choice.

Plus I had these values, values I'd grown up with. I already had
this peaceful feeling inside my head. To this day, I'm one of those
people whose head just floats. I really did feel happy most of the
time. I still do.

So the bottom line, of course, is she never sold me any courses
or anything. In fact, she just walked out and never came back.
When [ wasn'’t interested in buying her courses, she left and just
let me sit there. I sat and sat, waiting for her to come back.
Finally I walked out the door and left, too. I thought, Man, that’s
too bad. She was just about sales, that’s all she was.

e o0 o

After my year at De Anza, I decided the thing to do was to take
a job where I could actually program computers. I thought I'd
skip a year of school so I could earn enough money to go for a
third one, at Berkeley maybe.

Now, for a while I'd been telling my dad that I definitely was
going to own a 4K-byte Data General Nova someday. That was
just enough kilobytes needed to program in. It was this huge,
powerful computer at the time. I loved its internal architecture
and everything about it. I even had a poster of it up in my room.
So I heard there was a place in Sunnyvale that sold these Data
General computers. My friend Allen Baum and I drove down to
the place.

Well, the office was beautiful, and right in the middle of the
lobby was this big glass display with a large computer in it. It
wasn't a room-sized computer like a mainframe, but a midsized
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computer. It was about as large as a refrigerator, with other
things like large printers and disk drives the size of dishwashers
attached to it. There were some wires hanging loose with engi-
neers working on them. And I thought, Wow, here’s a computer
actually being designed and built. That was a shock for me to see.

Another shock turned out to be that I had walked in the wrong
door, that I wasn’t at the Data General company at all, but at a
smaller company called Tenet. Allen and I both filled out applica-
tions for jobs as programmers—and you know what? We got
them.

We got to program in the language FORTRAN, and also in
machine language, which is nearest to the lowest-level language
(1s and 0s) a computer can understand. We got to know that
computer so deeply that summer. We really got into the depths of
its architecture. Personally, I didn’t think much of the architec-
ture inside, although they ended up building something pretty
good—a working computer, a fast computer, a low-cost computer
for what it was. I mean, it cost more than $100,000, and those
were 1970 dollars. I was impressed by that. It had an operating
system that worked well and several programming languages.

Now, of course, in no way was that Tenet computer like our
computers today. It had no screen for a display and no keyboard
to type into. It had lights you had to read off a front panel, and it
took information from punch cards. But for the time being, yeah,
I guess it was pretty cool.

[ ] [o] [ ]

Tenet actually went out of business the next summer—I stayed
for the duration, having decided not to return to school that year
after all—but my time there turned out to be really fortunate.

You see, during the summer, I remember telling one Tenet
executive how I had spent the last few years designing and
redesigning existing computers on paper but could never build
one because I didn’t have the parts.
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One time, at my old friend Bill Werner’s house, I got Bill to call
up a chip company, but he could never get them to give us free
parts, never. But I asked this Tenet executive, and he said, “Sure,
I can get you the parts.” I guess he had access to sample parts,
and that was what I needed.

To help him avoid having to get me tons and tons of parts—
parts I would need to build some kind of existing minicom-
puter—I decided I would build a computer that was just a little
one with very few chips.

I'm talking about, like, about twenty chips—which is very, very
few chips compared to the hundreds it would have taken to build
a normal computer at the time.

Now, I had this other friend, Bill Fernandez, who lived down
the block. I started hanging around at his house, and we just
started putting together this little computer I designed (first on
paper, of course) piece by piece, bit by bit. He helped me by
doing all kinds of things—Ilike soldering, for instance.

Anyway, we would do this in his garage, and then we’d ride our
bikes down to the Sunnyvale Safeway, where we would buy
Craigmont cream soda, and then drink it while we worked on this
machine. That's how we started referring to it as the Cream Soda
Computer. All the Cream Soda Computer was, really, was a little
circuit board that allowed you to plug in connectors and solder
the chips I had to the connectors. This board was tiny—I would
say it was no larger than four to six inches.

Like all the computers at the time, there wasn't a screen or a
keyboard. No one had thought of that yet. Instead you'd write a
program, punch it into a punch card, slide it in, and then you’d
get your answer by reading the flashing lights on the front panel.
Or, for instance, you could write a program that would tell the
computer to beep every three seconds. And if it did, then you
would know it was working. It turned out just as I had designed
it, with few chips because I didn’t want to ask that executive for



Cream Soda Days 87

too many free samples. So it was just the most minimum thing
you could even call a computer. What I mean by that is, it could
run a program. It could give you results.

The other significant thing about it was the fact that it had 256
bytes of RAM. (That’s about the size in memory a word proces-
sor would take today to store this very sentence.)

RAM chips were almost unheard of at this time. Back then,
almost all computers had a type of memory called “magnetic core
memories.” When you dealt with them, you had to deal with
messy voltages to spike the right currents down the wires, the
wires that had to go into these little round magnetic cores that
looked like tiny donuts you needed a magnifying glass even to
see. This was definitely not the type of electronics I had in mind.
With RAM chips, though, you just plug them in and connect them
to the CPU, the brain of the computer. You connect them to the
processor with wires and that’s that. So, as you can see, I was
extremely lucky to get those eight chips that added up to 256
bytes. And as I said, even then you couldn’t do much of anything
in that small a space.

What Is RAM?

RAM, short for random-access memory, was a new type of com-
puter storage back in 1970. These are chips whose contents can
be accessed in any (i.e., random) order. All computers today
have RAM chips inside to store data—not permanently, but

while your computer is on and you're working. When the com-

puter shuts down, the contents of RAM goes away. That's why
you need to save your programs to disk.

L
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One day my mom called the Peninsula Times newspaper
and told them about the Cream Soda Computer. A reporter came
over and asked some questions about it and took some pictures.
But just as he was finishing, he accidentally stepped on the
power supply cable and blew out the computer. The Cream
Soda actually smoked! But the article ran anyway, and that was
pretty cool.

But you know what? I knew deep inside that it didn’t matter
that I had built this computer. It didn’t matter because the com-
puter couldn’t do anything useful. It couldn’t play games, it
couldn’t solve math problems. It had way too little memory. The
only important thing was that finally, finally, I'd been able to actu-
ally build a computer. My very first one. It was an extraordinary
milestone in that sense.

Five years later, companies would be building and selling com-
puter Kkits that were just about at this level—they had the same
amount of memory and the same awkward front panel of lights
and switches.

Looking back, I see the Cream Soda Computer as kind of a
jumping-off point for me. And I got there early.

L] o) [ J

One other thing: the Cream Soda Computer turned out to be
the way I first met Steve Jobs. I was four years ahead of him in
school so I didn’t know him; he was closer to Bill Fernandez’s age.
But one day Bill told me, “Hey, there’s someone you should meet.
His name is Steve. He likes to do pranks like you do, and he’s also
into building electronics like you are.”

So one day—it was daytime, I remember—Bill called Steve
and had him come over to his house. I remember Steve and I just
sat on the sidewalk in front of Bill's house for the longest time,
just sharing stories—mostly about pranks we’d pulled, and also
what kind of electronic designs we’d done. It felt like we had so
much in common. Typically, it was really hard for me to explain
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to people the kind of design stuff I worked on, but Steve got it
right away. And I liked him. He was kind of skinny and wiry and
full of energy.

So Steve came into the garage and saw the computer (this was
before it blew up) and listened to our description of it. I could tell
he was impressed. I mean, we’d actually built a computer from
scratch and proved that it was possible—or going to be possi-
ble—for people to have computers in a really small space.

Steve and I got close right away, even though he was still in
high school, remember, and lived about a mile away in Los Altos.
I lived in Sunnyvale. Bill was right—we two Steves did have a lot
in common. We talked electronics, we talked about music we
liked, and we traded stories about pranks we’d pulled. We even
pulled a few together.

[ ] (o) [ ]

When [ met Steve Jobs I was still hanging out with this other
guy I'd known since high school, Allen Baum.

Allen was kind of a nerdy, skinny guy with glasses when I first
met him back in high school. We were both in the super-elite of
students, not just the ones in top classes but students who out-
performed pretty much everybody else. We’d be selected out by
teachers to compete in math contests or go to speeches and lec-
tures, that kind of thing. So we all knew each other. Most of us
were considered by other kids to be kind of weird outsiders, and
Allen was even smaller, scrawnier, and more outside than I was.
He was even nerdier.

Later he came to be very into hippie things and San Francisco-
type music like the Grateful Dead and Jefferson Airplane, but he
started out just completely way, way on the outside.

From high school on, I used to like to go visit Allen and his par-
ents. They were Jewish with relatives who'd died in concentra-
tion camps; it was shocking and all so new to me. Allen’s father,
Elmer, was an engineer who loved humor—he was incredibly
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funny—and he was really active in civil rights causes. His mom,
Charlotte, was like that, too. I thought of Elmer and Charlotte
Baum as being so much like me—just kind of casual and fun.

So, as I said, I was hanging out with Allen a lot when Steve
Jobs, who by now was a junior at Homestead High, had an idea.
He wanted to create a huge sign on a giant bedsheet with a flip-
off sign—you know, the middle-finger salute—right during grad-
uation. He thought the sign should say “Best Wishes.” We started
calling it the “Brazilian Best Wishes” sign.

So we went right to work. We got this big sheet—it had been
tie-dyed because Allen and his brothers were always tie-dying
everything back then—and spread it out in Allen’s backyard.
Anyway, we started sketching out our drawing with chalk—a big
hand with its finger sticking up. And Allen’s mother even helped
us draw it—she showed us how to shade it so it looked more like
a real hand, less like a cartoon. I remember how she sort of real-
ized what the hand was doing partway through, but she just
snickered at us and smiled, saying, “I know what that is.” But she
didn’t stop us. I guess she didn’t know what we planned to do
with it, exactly.

On the sheet, we signed it “SWAB JOB. The S and W stood for
Steve Wozniak, the A and B stood for Allen Baum, and JOB stood
for Steve Jobs. We finished the sheet and rolled it up. Late that
night, we climbed onto the top of the C building, where we
planned to drop it. The idea was that we would attach it to this
forty-pound fishing line and kind of pull it down when the grad-
uating Homestead High seniors walked past.

Well, we practiced it and found out that you just can’t pull a
sheet down off a roof and have it roll down nicely. It doesn’t come
down off the roof easily, and it will pull other junk off the roof,
and it can come down all weird in different shapes.

So the next night we tried to make this little cart thing with an
axle and two wheels that we could pull. The idea was that it
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would let the sheet down gradually. The axle was nearly eight
inches wide. But we found that one of the wheels would always
get stuck on its little track. We just couldn’t get it right.

By the fourth night of trying to do this, Allen and I were work-
ing alone. Steve just didn’t have the stamina to stay up and work
all night. And by then we'd come up with another idea. Don’t use
the axle, but keep the wheels. We rigged up this little hookup on
the building, higher than the sheet would be, and attached the
fishing line and a couple of skates to it. We then tested it out. We
stood on the roof, let go of the fishing line, and watched the lit-
tle skates roll down their ramps until they pulled the sheet down
so it scrolled down, pulling down the left side and the right side
together. Left to right. It worked perfectly.

We almost got caught that night, by the way. We tried to test
it again, but a janitor came along. We just ducked on that roof
and were lying down as low as we could. I remember the janitor
moving his flashlight around and the light landing on my hand.
But before he could call anyone, we ran out of there like crazy.

A couple of days later was graduation day. I woke up that
morning to the phone ringing. It was Steve calling from school
with bad news. It turned out someone, probably another student,
had cut the fishing line and pulled the sign down that morning.
So Steve got in trouble—I guess the “SWAB JOB” gave it away,
and we never got to play our prank.

Afterward I thought about this a lot. I finally came to the con-
clusion that even though our “Brazilian Best Wishes” sign didn’t
come off, it wasn’t a failure. Some projects are worth the energy
and worth spending a lot of time on, even if they don’t come out
perfectly.

I learned about teamwork and patience and hard work from
that prank—and I learned never to brag about my pranks.
Because I found out a year later that Steve Jobs had shown some
of the students our prank, showing off. And the guy who told me
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that—that Steve Jobs had shown him the sign—said he was the
guy who cut it down.
[ ] o L ]

Steve and [ were into listening to Bob Dylan and his lyrics, try-
ing to figure out who was better, Dylan or the Beatles. We both
favored Dylan because the songs were about life and living and
values in life and what was really important. The Beatles mostly
made these nice little happy songs—you know, nice-to-know-
you, nice-to-be-with-you, nice-to-be-in-love-with-you songs.
They were simple—even after albums like Rubber Soul came
out. The songs the Beatles did were not as deep down and affect-
ing your soul and emotions as Dylan’s were. They were more like
pop songs. To us, Dylan’s songs struck a moral chord. They kind
of made you think about what was right and wrong in the world,
and how you're going to live and be.

At any rate, this first introduction we never forgot, and later
on Steve and I were really linked. Linked forever.



Chapter 6
Phreaking for Real

In 1971, the day before I headed off to my third year of col-
lege at Berkeley, I was sitting at my mother’s kitchen table and
there happened to be a copy of Esquire sitting there. Even
though I never usually read this magazine, for some reason I
started flipping through it that day.

I came upon an article called “Secrets of the Little Blue Box.”
Those were interesting enough words to make me stop skimming
and read that article all the way through.

Now, it was labeled as a fiction article, and I had no idea what
a Blue Box was until I started reading the article. But as soon as I
did, it just grabbed me. Wow! You know how some articles just
grab you from the first paragraph? Well, it was one of those arti-
cles, probably because this story was about tech people like me.
Back then, there were never articles about tech people—really,
never—so once | started reading this article, about people like
me, I couldn’t stop. It basically was a story about how a bunch of
technical kids and young engineers around the country had fig-
ured out how to crack codes on the phone system. The article
called them “phone phreaks.” These people were able to figure
out that by just whistling certain tones into a phone handset, they
could make telephone calls within the Bell phone system for free.

93
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Essentially, they first would dial an 800 or 555 number, any free
exchange, then they would make this tone sound to seize the line.
If this certain tone worked, they'd get a chirp that meant they
were now in control of a piece of phone circuit equipment called
a tandem. (A tandem just waits for special tones to direct calls
throughout the phone system.) The phone phreak could then give
the system the tones it needed to dial any seven- or ten-digit
number just by making a bunch of certain sounds that were equal
to the numbers on a phone from Ma Bell’s perspective.

That sounded plausible in a way. I already had a basic idea
about how the tone system worked on telephones. And the peo-
ple in the article—in this story labeled “fiction”—were claiming
that by doing this, they were finding out things about the phone
system no one knew about. I'm talking about things like its inher-
ent bugs and holes and weaknesses and, of course, all the ways
to take advantage of them. So, as I said, they were doing things
by whistling tones into the phone lines, by tricking operators, by
bouncing calls off satellites and back to other countries. They
were doing all this stuff. And though it was supposed to be a fic-
tional story, I kept reading it over and over, and the more I read
it, the more possible and real it sounded.

The other thing that intrigued me about the article was the
fact that it described a whole web of people who were doing this:
the phone phreaks. They were anonymous technical people who
went by fake names and lived all over the place. Some were in
the Northeast, some in-the Southeast, some were in the West.
Just all over. The story told a tale about some guys who drove out
to Arizona, clamped a wire to a pay phone, and were somehow
able to literally take over the whole country’s phone networks. It
said they were able to set themselves up into ten-way conference
calls.

The characters the author made up, well, they just sounded
too perfectly described to be fake. I remember how it spoke
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about some blind kids who just wanted someone to talk to. Some-
how they’'d gotten the phone company people to tell them some
of the secrets of the phone company and were using them to talk
to each other. That made sense to me, too.

The article also talked about the ethics these guys supposedly
had. That it wasn't just about free calls. One of the guys said he
was basically trying to do a good thing by finding flaws in the sys-
tem and letting the phone company know what they were. That
appealed to me.

The article also talked about one of the secrets these guys had
discovered. Well, I already knew this secret, so I guess it was kind
of a rediscovery. I'm talking about the technique of taking any
phone—you can do it with any phone to this day—and tapping
out phone numbers with the hook switch. What I mean is the
actual switch on the phone that tells the phone company if the
phone is on or off the hook. What you do is pick up the phone.
You hear a dial tone, right? Then if you click that hook switch
once, it’s like dialing a “1.” Click it twice really quickly and that is
the same as dialing a “2.” Clicking it ten times in a row would be
the same as dialing a “0.” (The reason this works goes back to the
old days of rotary phones when you dialed a “5,” and the dial
would swing back five times—click click click click click.) And
like I said, the system still works like that to this day. Try it.

But this was a trick only a very few people knew back then. So
I could tell that the so-called fictional people being described
were tech people too, much like me, people who liked to design
things just to see what was possible, and for no other reason,
really. And because I knew the hook switch thing, too, I immedi-
ately got suspicious.

e o o

In the Esquire article, there was a phone phreak named Joe.
He was blind. According to the article, he’d discovered this cool
thing: that if you play a really high E—two octaves above the
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high E on the guitar, for example, which is 2,600 hertz (Hz)
exactly—it was the exact tone that seized the tandem and gave
you control of the phone system. It probably still works to this
day, and you can try that, too. Anyway, Joe was able to actually
make this whistle sound with his mouth!

Now, Joe had perfect pitch—probably because he was blind,
I don’t know. His first whistle seized the line, and then he could
make a bunch of short whistles to dial numbers. I couldn’t
believe this was possible, but there it was and, wow, it just
made my imagination run wild. Because just by whistling this
high E, he could from there dial a long-distance call that would
then be free. To the phone company, it would look like a free
800 or 555 long-distance phone call. And he was doing it all
with his mouth!

The Esquire article also described someone who went by the
name of Captain Crunch, after the cereal (Cap’n Crunch), which
used to have a whistle toy in it. Captain Crunch used the whistle
and discovered the same thing the blind phone phreak did: that
if you plugged the right hole in the whistle and hit that high E,
that 2,600 Hz sound—it blew just the right note that basically
seized the phone line for anything you wanted to do.

To make a call after seizing the line, Captain Crunch used a
device the article called a “Blue Box.” It put pairs of tones into
the phone, similar to the way touch-tone phones work. This
method worked everywhere on the multifrequency (MF) system
in the United States, where Joe’s and the cereal box whistle only
worked in a few places with old single-frequency equipment.

In the story, the guy who built the Blue Box supposedly stole
or had loaned to him a standard phone company manual that
listed all the frequencies he would need to build it. The article
said the phone company figured it out and started to withdraw
all those manuals from every library in the country. They made it
secret, in other words. They wouldn't let it out anymore. But you
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know what? The secret was already out. Way out. Too late for the
phone company, or so the article said.

This idea of the Blue Box just amazed me. With it, you could
just hook into some 800 number and use that line to make one
call after another, all over the world. It didn't plug into the hand-
set or anything. It was very simple. You just put its speaker up to
the mouthpiece of the phone. Although it was incredibly easy,
only something like a thousand people in the country, technical
people like me, could ever have figured it out and used it.

[ ] [o] °

One of the first things I did after reading the article was to call
up my friend Steve Jobs. He was just about to start twelfth grade
at Homestead High School, the same high school I'd gone to. I
started telling him about this amazing article, and how it made
sense, really made sense, in a technical way. I told him that,
according to the fictional story, the whole system was grabbable.
Attackable. And I told him how these smart engineers portrayed
in the story overtook and used it. They apparently knew more
about the phone system than even the phone company’s engi-
neers. If the article was real, and I thought it could be, that meant
all the secrets of the phone company were out. It meant people
like us were starting to create little networks in order to exploit
them.

This was just the most exciting thing for us two young guys to
be talking about. I was twenty; Steve was probably about seven-
teen at the time.

And while I was on the phone with Steve that afternoon, I
remember I just stopped mid-sentence and remarked, “Wait,
Steve, this article is just too real. They put in real frequencies like
700 Hz and 900 Hz. Fiction articles don’t do that. They even gave
the way to diala ‘1,’ a ‘2,” and a ‘3.” And they even gave the codes
for dialing a call all the way to England.”

Real fiction articles don't give things that can be checked and
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known like that, I said. So we came up with a plan to find out
what was really the truth.
[ ] o [ ]

An hour later I picked Steve up and we drove down to SLAC,
which is pronounced “slack” and is short for the Stanford Linear
Accelerator Center. It had a great technical library, just tremen-
dous. It had the kinds of technical books and computer books
and magazines you wouldn't encounter in normal libraries or any
other place I knew. If there was any place that had a phone man-
ual that listed tone frequencies—the manual the phone company
was trying to pull out of circulation—this would be it.

Anyway, I snuck into this library on many Sundays during my
high school and early college computer design days. I never felt
like it was sneaking, exactly, because they always left the doors
open. In my experience, I've found that smart people often leave
doors open. Maybe it's because they have other things on their
minds.

So Steve Jobs and I snuck in that day, that Sunday in 1971, and
started searching for books with telephone information. Like I
said, that E'squire article sounded just a bit too realistic to be fic-
tion. A fictional article might say that tones are used to dial num-
bers, but this article explained how the tones were in pairs. For
instance, it said that the 700 Hz and 900 Hz tones together stood
for a “1,” that 700 Hz and 1,100 Hz meant a “2,” that 700 Hz and
1,300 Hz together meant “3,” and so on. There was even more
detail than this, details I figured we could check right there at the
SLAC library. So Steve and I sat in there looking for confirmation
that this Blue Box thing was for real—we wanted the complete
list of tones that could theoretically make all the digits. Because
that would mean we could build one.

We were individually flipping through various books and I had
a blue one in my hand, maybe two inches thick, with some phone
system reference like the CCITT Handbook. In case you're won-
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dering, CCITT is a long-forgotten acronym that stands for the
Comité Consultatif International de Télégraphique et Téléphonique.
It’s the French name for an international standards-setting group
for telegraph and, later, telephone systems.

I was flipping around and suddenly stopped on a page. There
it was: a complete frequency list for MF' (multifrequency) tele-
phone switching equipment.

Sure enough, just as the Esquire article said, a “1” was com-
posed of 700 Hz and 900 Hz tones together. A “2” was composed
of 700 Hz and 1,100 Hz together. A “3” was 700 Hz and 1,300 Hz.

I froze and grabbed Steve and nearly screamed in excitement
that I'd found it. We both stared at the list, rushing with adrena-
line. We kept saying things like, “Oh, shit!” and “Wow, this thing
is for real!” I was practically shaking, with goose bumps and
everything. It was such a Eureka moment. We couldn’t stop talk-
ing all the way home. We were so excited. We knew we could
build this thing. We now had the formula we needed! And defi-
nitely that article was for real.

That evening I went to Sunnyvale Electronics and bought some
standard parts to build tone generators like the ones in the arti-
cle. Immediately I found a tone generator kit and brought it back
to Steve’s house. Right there I soldered together two tone gener-
ators. Luckily, Steve had built a frequency counter before this, so
we were able to put them together, plus a device that let you turn
a dial and measure the tone it produced. For example, I could
turn one dial and measure until I got the tone to approximately
700 Hz frequency. Then I could turn the other dial until it got to
900 Hz. Finally I'd play both tones at once and record the sound
for about a second on a regular cassette tape recorder. Remem-
ber, those tones together meant a “1.” Then I did the right combi-
nations for the other digits. Eventually we had a seven-digit
phone number and even a ten-digit number recorded.

Finally we set a tone to 2,600 Hz, which is the high E note that
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supposedly seized the free line mentioned in the article. It
worked!

After dialing a free 555 long-distance information number, we
heard that chirp the article had talked about. Then we presumed
that the phone system was waiting for tones to tell it where to
connect to. But uh-oh. We played the tones from our tape record-
ing but we weren’t able to get the call to go through.

Man, it was so frustrating. No matter how hard we tried to get
the frequencies right, they wavered. I just couldn’t make them
accurate. I kept trying, but I just couldn’t perfect this thing. I
realized I didn't have a good enough tone generator to prove the
article true or false one way or the other.

But I was not about to give up.

[ ] (o) ®

The next day was my first day at Berkeley. I was involved with
my classes—I thought they were great classes—but I kept think-
ing about the Blue Box design. I took that Esquire article with
me and started collecting every article from Sunday papers I
could find about phone phreaks. I started posting articles I found
about them on my dorm room wall. I started telling my friends
what these phone phreaks were all about, how intelligent they
must be, and how I was sure they were starting to take over the
phone system all over the country.

So there I was at Berkeley, living in my little dorm room on the
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