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The Phenomenal Bicycle
“Build a bicycle? Jadrien’s mother was 

perplexed. “You already have a bike. Actually, 
a really good bike. Why in the world do you 
want to build one?”

“Because I want a bike that is different 
from any other bike. Better. I think I can build 
a bike that’s smart.” Jadrien was using pure 
faith in his own abilities and resourcefulness.

“A smart bike? What’s that?”
“It’s a bike that can do lots of activities that 

seem smart. You know, like seeing things, 
thinking about things, finding things, 
remembering things…

“There’s no such thing as a thing,” his mother told him, probably 
for the fortieth time. “But how would you do it? Bikes are made in 
factories, where they have special materials and special tools and 
other special things.” Oops! It was hard to not use the thing word!

Jadrien admitted he hadn’t really thought it all the way through. 
He realized that he didn’t have any special materials or special tools 
that might be needed to build a bicycle.

“I can scrounge them, you know, from junkyards, second-hand 
stores. Maybe I can get old parts that have been replaced by newer 
ones. Maybe I can get someone to give some parts to me. I can earn 
some money by doing chores for neighbors. Maybe I could borrow some 
money, and pay it back by using the bike to do smart jobs. Dad has 
some tools and screws, and pieces of metal in the garage I could 
probably use. Do you have any old computer parts?” His last question 
was silly; he was just trying to get a reaction.

She caught his humor and returned it. “Oh, dear! I just used my 
last parts this morning making computer chip cookies. You probably 
should talk with your Dad about this. He’s the bicycle-guy.”

That afternoon Jadrien saw his Dad, and presented him with his 
idea. His Dad was intrigued, but had a suggestion.



”Hmmm… That’s a fascinating idea. There are all kinds of ways 
we could make it smart. But I suggest you talk with your Grandfather. 
He’s a scientist and he probably will have some good ideas.”

Jadrien wasted no time in getting Grandpa Bob on the phone.
“Great idea,” he responded immediately. “Tell me more.”

By now, Jadrien had a 
mental list of some ideas and 
started rattling them off. “I want 
to build the smartest bicycle in 
the world. I want to be able to 
talk to it and have it remember 
things. Maybe it could be 
programmed to go to a certain 
place. Of course it would be able 
to listen to the radio, answer the 
telephone, and remind me of 
appointments. And it would have 
a computer that could control 
everything.”

“Cool!” said Grandpa Bob. Like most people of his generation, he 
thought “cool” was the right word, although kids about Jadrien’s age 
now have other words that are even cooler. “Would you like me to 
work with you to build this bicycle?”

“Yes!” said Jadrien excitedly.
“I can be there tomorrow, if you like.” Tomorrow was Saturday, so 

there was no school. They could get started as soon as Grandpa Bob 
arrived, which was about 11:00 AM. He found Jadrien in the garage.

“Hi there. Whatcha doin?” 
“Looking for parts. Mostly waiting for you.”
“Well, I’m here. So tell me…do you want to build a bicycle like one 

that someone else has, or one that has never been built before?”
Jadrien replied instantly: “Never been built before. But I’m not sure 

how to do it. As a matter of fact, I’m not sure what I want to do and 
whether we can do it. But I have the feeling that we can build a 
bicycle that is smarter than any other bicycle.”

Grandpa Bob had a lot of experience in doing projects that had 
never been done before. The only projects he does are projects that 
have never been done. He offered a philosophical thought: “Let’s start 
with the basic assumption that just about anything is possible and 



that there are no limits for new ideas. Let the ideas show us their own 
limitations. Then he asked the most important question.

“Would you like to get to work?”



“Sure.” Jadrien was right-ready. “What’s first?”
“I think that first we should make a Plan. In all my projects, I 

always make a Plan first.”
“I’d rather just get some parts and start making the bicycle.”
“Yes, that’s tempting, and sometimes that’s a good way to start. 

Making a Plan is more work at the start, but for a big project it 
actually saves time and helps prevent making big mistakes.”

“O…K.” Jadrien couldn’t help showing his desire to get on with it.
“OK. So what do you think the first step might be?”
“Uh…find the parts?
“Patience! Let’s start much earlier. The first thing we should do is 

decide on a goal. You’ll have to have a Goal.”
“O…K.”
“Next, we’ll need a General description and Specifications. This is 

the list of features or functions you want the bicycle to have, in detail. 
This is where you decide what you are going to actually build.”

“O…K.”
“We’ll need Preliminary Sketches, 

Functional Diagrams, Visualization 
Sketches, and Engineering Drawings. After 
that we would acquire the Parts and 
organize the Sub-assemblies.”

Jadrien didn’t exactly know what all of 
these terms meant, but he understood 
Grandpa Bob’s next question.

“What should we do next?”
“BUILD IT!” Jadrien said 

emphatically.
“Yes!” agreed Grandpa Bob. “After that 

we will need to Test it, do any needed 
Debugging, Repairs, and Upgrades. After 
all that, there’s only one thing left to do.”

“RIDE AROUND ON IT!” Jadrien had 
the right answer when it was needed.

“Yes,” confirmed Grandpa Bob. “But 
we’ll call that Exploratory Use, because you’ll really be exploring how 
it can be used.” 

They got a notebook and wrote the whole list of tasks making up 
the Plan. Grandpa Bob numbered them from zero, to emphasize the 
importance of making the Plan before doing anything else. 



“So, what is your goal for this bicycle?” 
Jadrien was talking even before the question was finished.
“I want it to be smart. I want it to be the smartest bicycle in the 

world.”
“OK. That’s a good goal. Now can we describe what you want the 

bicycle to do? Do you want it to be able to communicate with you?”
“Of course!”
“And do you want it to be able to go out all on its own, without you 

riding it?”
“Hmmm. That would be cool. It could go look for things, or come to 

me wherever I am. Like a cowboy’s really smart horse.”
“So far so good. How about being aware of the environment around 

it? For instance, maybe it should know where it is, and how to follow a 
map to another place. Should it have controls for adjusting to the road 
or path that it’s on?

“Sure. And a radio. And a telephone. And a computer.” Jadrien’s 
mind was running full tilt now. Suddenly ideas were flowing from his 
brain and out his mouth. Grandpa Bob made a few notes. 

“No problem. We can put all those on the bicycle. Do you want to 
pedal it, or would you like to have a motor that drives the bicycle?”

“A motor!” The idea of the bicycle 
doing all the work was intoxicating. 
Grandpa Bob took it one more step.

“I can suggest something called 
regenerative braking. That’s a fancy term 
for a simple idea: use an electric motor to 
both speed up and slow down. But you’ll 
need a battery to run the motor. 
Probably some solar panels to recharge 
the batteries would be a good idea. While 
we’re on this subject, what would you 
think of having both the front and rear 
wheel steerable?”

Jadrien was good on all these ideas. 
“Yep.” He was still impatient to start 
building it, but making the Plan had 
given him a much better idea of what 
they were going to build. Grandpa Bob 
turned the page in the notebook and 
wrote all these ideas down. 



The next item in the Plan was a Preliminary Sketch. Grandpa Bob 
got a larger sheet of white paper and made a sketch based on their 
conversation. Rather quickly they had an idea what the bicycle might 
look like.          By-and-large it looked like a bicycle, but it had some 
additional           parts that ordinary bikes don’t have. The most 
obvious                 parts were the box on the handlebars and the 
antennas on          the back. 

“What’s that heavy thing on the rear wheel?” Jadrien asked.
“That’s the regenerative electric drive motor. That will drive the 

bike using electricity from a battery, and when you’re coasting 
downhill it will recharge the batteries. Oops, we didn’t put the battery 
in the sketch. By the way, the little box on the frame is not the battery
—it’s the sensors, to tell the bicycle which way it’s tipping, how fast 
it’s going, and so on.”

“Where’s the computer?”
“It’s behind the display panel on the handlebars. We can put the 

computer and control system in a single box, and connect the various 
devices to it using cables.”

“It doesn’t look to me as if the rear wheel can be steered. Can it?”
“Oops, again. I forgot that. OK, on the next sketch we’ll add the 

batteries, solar panels, and rear steering. And maybe a bunch of other 
stuff. 

“Cool,” said Jadrien.



The preliminary sketch made it much easier for them to think 
about what should be on the bicycle. Now was the time to write the 
Specifications, the list of structures, functions, and features they were 
actually going to build. They divided the list into four categories:

1. Electronics
2. Display/Control
3. Mechanical
4. Operation

The computer and display panel were easy to imagine. “But how 
will the computer control the bicycle?” Jadrien asked.

Grandpa Bob gave a somewhat long answer. “We’ll need to write a 
special program and store it in the computer. It’s called a control  
system, and it will figure out what needs to be done next and send 
signals to the various parts of the bicycle to activate those functions. 
For instance, it might get a signal from the tilt sensor that it is tilting 
too much to the left. It then figures out that if it makes the front wheel 

turn left and the rear wheel turn right, it can 
counteract that tilt, and return the bicycle upright. It 
will have to get and send exactly the right signals, but 
we can do that if we calibrate them with the 
hardware.”

“What do we do about the motor on the rear 
wheel?” asked Jadrien.

“What I suggest is that we look at the Segway. 
You know, the gadget that looks like a Pogo stick with 
wheels? The Segway stays upright by using dynamic 
control of its wheels, and we can do that. But we could 
bolt two drive motors back-to-back, and put a wheel 
on each side. That way we could operate the two 
wheels independently, and that would provide greater 
stability and shorter turning radius.”

“But then, it would be a tricycle,” moaned Jadrien, obviously 
sensitive to potential damage to his reputation were he to be seen on a 
tricycle. 

“We’ll keep the rear wheels close together. From a distance, they 
will look like a single wheel. Besides, if you don’t like having dual 
wheels, how will you like falling over?”

Jadrien had no sensible objection and agreed it was a good idea.



Jadrien was still concerned about steering the rear wheels.
Grandpa Bob reassured him. “Let’s use the same mechanism as 

the front wheels, but we can turn the mount upside down.” He made a 
very simple sketch to show how the yoke that holds the front wheel 
could be turned upside down. That way the single shaft that turns to 
steer the bike would be attached to the motors. That seemed 
satisfactory, although Jadrien probably didn’t understand it fully yet.

They agreed that the pedals didn’t need to work as pedals; they 
could be just footrests, but with built-in controls. 

“What about the handlebars?” Grandpa Bob asked. “Will it be a 
problem leaning down and holding onto the handles on the side of the 
display box?”

Jadrien lapsed into thought for a few minutes. “Hey, what about a 
stick? You know. Helicopters are steered using a stick, like the joystick 
I have to run my computer games.”

“Great idea,” replied Grandpa Bob. “How about two joysticks, one 
for each hand. They would feel a lot like handlebars, but they would 
be up where you could reach them, and we could mount all kinds of 
gadgets on them, the way it’s done on a motorcycle.”

“Yeah,” said Jadrien. “Dual joysticks. Let’s call 
them handlesticks!” 

Grandpa Bob drew some more diagrams, in which 
the parts were shown only as boxes. That helped them 
visualize the bicycle as it got even more complicated.



Over the next several days, Jadrien and Grandpa Bob worked over 
every aspect of the design. They tried to visualize what they wanted, 
how they could build it, and how it would operate. The list of features 
got longer and longer, and periodically they were forced to shorten it. 
It made them sad to reject any feature, but it soon became apparent 
that a bicycle, no matter how smart, can’t do everything. “That’s true 
of people too,” Grandpa Bob observed.

The list of specifications was daunting. 
In order to keep it compact, Grandpa Bob 
used short phrases with lots of long 
words. Jadrien understood most of it, but 
not all. He figured he would get it when 
they––finally!—would start building it!

With the full list of specifications they 
made yet another sketch, this one for 
visualizing the bicycle. Since it was done 
on a computer using 3D software, they

could turn the sketch around and 
see it from any angle, and they 
could zoom in to see the parts up 
close. They moved some parts 
around, but then declared it was 
done!



The next step was to make engineering drawings. Mechanical 
engineers use programs that automatically check the dimensions of 
the parts, to make sure they will fit. Jadrien really thought this was a 
waste of time, and even Grandpa Bob wondered whether it was really 
necessary. In the end they decided to make the drawings anyway.



Then, as a final touch, Grandpa Bob exploded the assembly 
drawing, so they could visualize the various sub-assemblies. There 
were 12 of them, if you counted the front and rear video cameras as 
the same. The pedal assembly was considered separate from the frame 
assembly because it had to be adjustable. Jadrien thought it would be 
good to install switches in the pedals so they could be used as controls, 
like the pedals on a pipe organ. They put the batteries in the 
triangular spaces in the main frame, and covered them with the solar 
cell arrays. The handlebars (oops, handlesticks) would be assembled 
together, with grips on the ends and ball joints to allow for 2-angle 
movement. They had no idea what kind of seat to get, but figured they 
could find one at a second-hand store. It should be padded, of course.



At last! Jadrien was almost at his breaking point. He was very 
eager to get started, but Grandpa Bob had insisted on all that talking 
and writing and drawing! Now, finally, they could do something! They 
were going to build the bicycle!!

They tackled the main frame first. Grandpa Bob recommended 
using chrome-molybdenum tubing, Chromoly, which is exceptionally 
strong and lightweight. Unfortunately it costs about $5 per foot. An 
alternative choice might have been titanium, but that costs $65 per 
foot! As great as this bicycle was going to be, the available finances 
weren’t nearly great enough! They found the tubing online and 
ordered enough for the frame and other parts. When it arrived, they 
took it to a machine shop, which cut and welded it together, using the 
engineering drawings Grandpa Bob had insisted they make.

They found drive motors for the steering assemblies in a surplus 
aircraft parts store. It took considerable cutting, grinding, drilling, 
and tapping to mate them with the frame. Twice they had 
to take it to the machine shop, to have the Chromoly 
tubing cut to match the motor mounts. 

When it was finished, the frame was fantastically 
strong and rigid. It weighed about 22 lbs, including the 
motors. They decided not to paint it yet, because it might 
get scratched. 



The front wheel was 
easy—it was merely a 
regular bicycle wheel 
mounted on the front 
yoke. But the rear wheel 
assembly required some 
engineering. They went 
to an auto junk yard and 
found a matched pair of 
motors, although the yard 
couldn’t tell them what 
they came from. Grandpa 
Bob had a friend from the 
lab in Berkeley who knew a lot about electric cars, so they went to him 
for advice. He provided the specifications for powering and controlling 
the motors. Mounting the motors back-to-back and then mounting the 
wheels to the motors was no easy task; it took them most of a month 
to do just this part. 

The next assembly they 
built was the 
handlesticks. They used 
the same Chromoly 
tubing that they used for 
the frame, but they had 
to fabricate the two ball 
joints that allowed the 
vertical sticks to move. 
The cylindrical joint at 
the center between the 

two handles provided for mounting to the main 
frame. It got complicated when they had to thread 

the tubing with all those cables from the handgrips, and also install 
transducers in the ball joints. All that stuff in such a small space! 

Jadrien and Grandpa Bob worked together on every aspect. At 
every step in the assembly, they tested it again and again. Sometimes 
they had to completely disassemble it, modify a part, and re-assemble 
it. It got to be a bit boring, and sometimes they wondered if it was 
worth it. But they couldn’t stop now, now that they were actually 
building the bicycle!



The seat was no problem. As 
predicted, they simply went to a thrift 
store and found an old chair.

The pedal assembly could be 
fabricated from the Chromoly tubing 
using the same kind of joints they used 
on the handlestick assembly. When the 
foot rests were moved, they created 
signals that were carried by electrical 
cables to the computer/control unit. As 
yet, they didn’t have anything for the 
pedals to do, but they figured it was a 
good idea to make the parts, just in case 
they thought of something.

They made the battery pack from 96 
lithium-polymer (Li-Po) rechargeable 
batteries which they obtained as discards 
from a company that manufactures them 
for portable computers. These batteries 
have the most energy per unit weight and 
greatest run time, hence are being made 
to run electric cars. Right on!

Grandpa Bob and Jadrien used sheet 
metal to fabricate two triangular boxes to 
hold the batteries. The boxes fit exactly in the main frame of the 
bicycle. Using epoxy, they attached hundreds of solar cells, and 

brought the wires from each 
cell into bundles to a 
regulating circuit that 
enabled the current from the 
cells to charge the batteries 
when there was enough light. 
When they were finished, 
they set the panels in the 
sunlight and found that it 
took all day to charge the 
batteries. Sure, that was a 
long time, but after all, 
sunlight was free.



With most of the mechanical components assembled, it was time to 
assemble the sensors. They mounted them in an aluminum box they 
got at the electronics store, and soldered the sensor wires to the pins 
on the insides of connectors. Later they would use cables to connect 
this box to the computer. 

For the tilt sensor they used a SCA3000 Triple Axis Accelerometer 
Breakout board which they obtained for about $45 from sparkfun.com. 
When the unit is tilted, it generates electrical signals that can be used 
by the computer to generate a display or used with an auxiliary device 
to correct the tilt. In the computer box they also placed an iPhone, 
which has its own tilt meter. In addition, the iPhone could do many 
other operations using the apps that can be downloaded for only $0.99.

         

Next, they put together the dual video camera assemblies, one for 
the front and one for the rear. They used the same Chromoly tubing, 
but this assembly was much simpler than the pedal assembly because 
they decided not to install ball joints, so they only had to run electrical 
wires to the cameras.

They used two cameras to 
provide a stereoscopic image. The 
software in the computer would be 
able to merge the two images into a 
single 3D model representation of 
the scene, which would enable it to 
determine the distance to objects. 
They obtained the software from a public domain online site that 
provided it free. The software even had the ability to use the images to 
determine if an object was moving, and if so, which way and how fast. 
It was fun testing this unit, by peering around a tree or lightpole.



Another mechanical component to be 
installed was the antenna assembly. They 
opted for a simple 2-element Vee antenna, 
which looked a lot like the old TV rabbit 
ears. This antenna could be tuned to work at 
many frequencies, although it was not 
optimized at any one frequency. 

Next they built the box for the computer 
and display panel. It had handles on each 
side, which were really high-frequency 
antennas. On the front was the panel with a 
set of numerical indicators, toggle switches, 
dials, and the large main display screen. 
The operation of these devices could be 
controlled by the computer, or it could be 
manually done by Jadrien, even as he was 
riding along. 

The digital indicators had a numerical display 
controlled by a slider that Jadrien could set. These 
could be used to tell the computer important 
numbers, such as the coordinates of a desired 
destination, or when he wanted the bicycle to wake 
him up from a nap.



For the computer, they went to Fry’s and bought a motherboard 
with a small footprint. It was specially designed with a large number 
of terminals to which they could attach the various sensors and 
devices that needed to be controlled, such as the steering motors. 

Even with the rather advanced computer board, they needed 
additional electronics to implement the control system for the complex 
functions the bicycle would have to do. Grandpa Bob designed these, 
and took Jadrien into his electronics shop to help build them. They 
used many parts that were available in the shop, including mounting 
boards, wires, transistors, LEDs, variable resistors, and of course all 
the test instruments that were necessary to determine that the 
circuits worked properly. It was a lot of work, but eventually the 
circuits did work satisfactorily, and they installed them on the bicycle.



The last assembly to be installed was the cabling. With Jadrien’s 
help, they measured the various distances between the computer, 
sensors, motors, lights, and cameras. Using regular hookup wire and 
parts available in the shop, they assembled the “harness,” very similar 
to the way cars and fighter aircraft are made.

“It’s essential that this part be done very carefully,” explained 
Grandpa Bob. “There are many solder joints and bent wires. If any of 
them is defective or damaged, the system might not work, and it will 
be frustrating to find the problem. Often when something doesn’t work 
we just throw it away, but we don’t want to throw the bicycle away!”

Sure enough, two of the connectors didn’t mate with their 
respective sockets, and when they looked carefully, they found that 
although the connectors looked the same on the outside, they had 
different numbers of pins on the inside. It was boring to unsolder the 
connectors and replace them, but there was no choice. When this was 
done, they installed the software, and the bicycle was finished!



Jadrien and Grandpa Bob just stood there looking at it for perhaps 
five minutes, without speaking a word. 

“Beautiful!” they suddenly said, simultaneously.
While there was no question that the bicycle was heavy, expensive, 

and had limited range due to the capacity of its batteries, almost 
certainly it was the smartest bicycle that had ever been made.



They walked around and around it, trying to find the best possible 
viewing angle. It was so complicated that no matter where they stood, 
something was hidden. To fully appreciate it, you had to see it from 
many different angles. They took dozens of photographs, and glued 
them in the notebook. Jadrien’s Mom and Dad came out to admire it. 
The man across the street came over, and Jadrien invited several 
friends from school. Everyone pronounced it “beautiful” or “cool”.



Soon Jadrien wanted to get the feel of actually using the bicycle. 
He stood where he could see the display screen, and finally, with 
enormous satisfaction, sat in the seat. His view was reminiscent of the 
cockpit of a fighter jet, or perhaps a carnival ride. He flipped the main 
power switch and the display showed a generic pattern that rotated 
and slid left and right, up and down. It was called dataflow, and it 
indicated that the computer was working and that data was being 
accepted from the sensors and sent to the motors. That was good.

Jadrien operated the handlesticks, watching the display change as 
they sent commands to the computer that were displayed on the 
screen. Since they had not yet authorized the bicycle to interpret and 
use the commands, it did nothing but display the commands.

“Grandpa Bob, can we make the computer run the bicycle?”
“Sure, but we really have to go through the full testing procedure. 

Until we do that we can’t be certain that we won’t break something, 
including you!”

“Vroom!” yelled Jadrien. Then realizing that was the wrong sound, 
he invented a new one. “Mmmrrrzzz!” he said with a smile.



After lunch they began the extensive testing procedures necessary 
to be sure the bicycle was performing as they had designed it. The first 
test was a simple one: tipping. The dual rear wheels kept it upright on 
level ground, but if it were on a slope or uneven ground it would tip 
over. As yet, they had no transverse dynamic balancing. Jadrien 
tipped it to the side, tiny amounts at first and then more and more. 
When the tipping was less than about 9° it returned to its upright 
position, rocking back and forth but eventually settling back to 
vertical. Clearly, an important upgrade would be to provide some 
mechanism for dynamic balancing. Since it would take too much 
weight and power to move weights around, the best strategy probably 
would be to adjust the angle of the front and rear wheels, and the 
torques on the independent rear wheels, according to signals received 
from the sensors. Grandpa Bob pointed out that this would cause a 
rather peculiar behavior: when the bicycle senses that it is tilting too 
far, it will automatically speed up and turn. The combination of the 
speed and turning will generate a centrifugal force that will keep the 
bicycle from falling over. Once you understood it, it was simple!

“Smart,” thought Jadrien.
He typed in some commands on the virtual keyboard. The display 

screen listed line after line of data. Together they wrote down some of 
these data and compared them with the data indicated in the 
operating manuals for the display and the computer. Everything 
seemed to be correct, “nominal” as they say. They operated the main 
switches to turn the battery power on and off, and turned the knobs to 
adjust the voltages being supplied to the control panel, the rear drive 
motor, and the wheel steering motors. Using a meter, they measured 
the amount of current being generated by the solar cells to recharge 
the batteries. Everything was “nominal.” 

Grandpa Bob used an 
oscilloscope to look at some of the 
signals being generated by the 
sensors. The instrument looks 
like a TV, but it enables you 
“see” electrical signals. The 
signals from the tilt sensor 
changed when they tilted the 
bicycle. The signals from each 
video camera changed when Jadrien waved his hand in front of them. 
The signals from the computer changed continuously.



Next they checked to see that the bicycle was receiving all the 
radio signals it should. Some of the signals come from satellites; some 
come from stations on the Earth; some come from airplanes and 
vehicles on the ground; and some come from unknown sources. They 
expected to be able to receive signals for the GPS, cell phone, internet, 
radio calls from boats, airplanes, the police and fire department, and 
weather broadcasts. The receiving instruments themselves provided 
verification that all the signals were being received properly. The 
bicycle display showed that the browser was accessing the internet, 
while the maps came from the GPS unit. It was very exciting to see 
the exact location of the bicycle on the GPS map. 

Jadrien secretly hoped the bicycle would pick up signals from 
another bicycle, but of course there was no other bicycle like this one. 
In fact, there probably would never be another bicycle like this one. 



Next, they checked to see that the display showed all the basic 
mechanical functions of the bicycle, as well as the compass, the 
amount of charge left in the batteries, and the distance it could go. 
They tilted it, rolled it forward and backward, turned it, and parked it. 
At first, the display showed some values that were completely wrong. 
Grandpa Bob studied a printout of the main programs that ran the 
bicycle. It took him more than an hour to find the problem.

“Here it is,” he said with a nod. “I put in wrong values for some 
conversion factors. I’ll correct these and see if that fixes the problem.”

Sure enough, the display now showed values that seemed right.
Now it was time to see if Jadrien could interact 

remotely with the bicycle. He borrowed Grandpa Bob’s 
iPhone and keyed in the phone number of the bicycle. 
It answered without a single ring, and the digital 
message said “J-Bike. Standby.”

“What do I do now?” he asked.
“Launch the QUERY app that we downloaded,” 

said Grandpa Bob. “Ask it where it is.”
Jadrien tapped the icon that said LOCATE, and 

the iPhone displayed the coordinates: 34°39’57.016” N, 
120°07’11.693” W, accurate to within about 20 feet. 
That was exactly where they were standing! 

Finally, it was time for the ultimate test: 
Could Jadrien actually ride it?

He put on the helmet and got on the bike.
“Use the verbal commands,” said Grandpa 

Bob. “Tell it to power off and back on again.”
He did, and the bicycle went dark, then 

came back to life. They went out to the side 
street and waited until it was clear.

The bicycle expected commands the way a 
ship’s captain would say them. “Ahead one!” 
The bicycle began moving ahead, accelerating 
up to 1 meter per second. “Ahead three!” The 
bicycle sped up to 3 meters per second, Grandpa Bob running after it 
excitedly. “Stop.” It rolled to a stop, and they laughed and said “whoo-
ha!” over and over. The bicycle worked! 

Over the next week they took it out on many exploratory trips. The 
bicycle could find its way, and it could go out on its own, without 
Jadrien. Clearly, it was the smartest bicycle ever made.



The testing had exposed some bugs in the system, but it had also 
provided some ideas for upgrading it, particularly the information 
processing systems: the computer, sensors, communications, and 
display. Grandpa Bob brought in an invention he had made years 
before: nanologic. He explained it to Jadrien:

“Nanologic is a strategy of representing and processing 
information in chunks, rather than the bits that digital computers use. 
The circuits are analog rather than digital, and the devices used in 
the circuits are made using nanotechnology. The combination of very 
small device size, low power, high speed, and analog signals enables 
extremely high logic density and logic throughput, millions times that 
achieved by the fastest, largest digital computers ever built, or ever 
will be built. Nanologic will make it possible to solve very hard 
problems, like global climate change. In fact, a nanologic computer 
will be far smarter than a human for solving very, very hard problems. 
My company has developed a series of nanologic chips, and we can put 
one of these into the bicycle’s computer if you want.”

“I want,” Jadrien said without a moment’s hesitation.
“OK, but be warned: The nanologic chips may produce 

unpredictable behavior, in the same way that human behavior is 
sometimes unpredictable.”

Without any more debate, they installed an additional circuit 
board containing a nanologic chip into the bicycle’s computer. When 
they turned it on again, they couldn’t see any difference in its 
behavior. But the computer knew that now it was very, very different.

 



For some months, 
Jadrien had had his 
eye on a new joystick 
for his home computer, 
and he showed 
Grandpa Bob the 
brochure describing it. 
It was called the 
Thrustmaster Reveals 
HOTAS WARTHOG, 
and it was described 
as a Serious Joystick for Serious Gamers. 
It was built for flight simulators. In fact, 
it’s a full replica of the actual joystick used 
on the U.S. Air Force A-10C attack 
aircraft. But as attractive as this device 
was, Jadrien and Grandpa Bob decided 
that it would add too much complication, 
which at the moment was not justified 
because the joystick had far more 
capability than the rest of the system––it 
just wasn’t a good match at this time. 
Perhaps later...

One upgrade they did install was new, 
more powerful software. They consulted 
with several sources on terrain data 
acquisition and interpretation software, 
and added sensors to provide additional 
environmental sensing. 

They also added some technology, 
called GeoTrack, developed by Jadrien’s 
Dad and his company Toyon. The system 
uses multiple video cameras and special 
software that makes it possible for a 
swarm of vehicles to locate and track certain objects. Jadrien thought 
eventually it could be used on many smart bicycles to communicate 
with each other about the objects around them. Maybe if an airplane 
carrying a hydrogen bomb crashed near their house, they could track 
it, find out where it was, and save it! That would be very smart!



After the upgrades, several days went by. Almost nothing of 
interest happened. Jadrien had a lot of homework to do, and there was 
no chance to take out the Phenomenal Bicycle. But he left the 
computer power on standby, just in case.

One night, in the mid-evening, around 8:30, he got a text message 
from the bicycle on his cell phone: URGENT URGENT URGENT. 
NEW DESTINATION REQUESTED. IMMEDIATE DEPARTURE 
REQUIRED. URGENT URGENT URGENT.

This had never happened before. Jadrien didn’t know whether 
someone was playing with him, or whether it was serious. Quietly, he 
slipped out of his bedroom, across the living room, and into the garage. 

The bicycle apparently had turned 
itself on, and the display glowed 
brilliantly. Some type of characters 
were scanning across the screen. He 
had no idea what the characters 
meant, but he knew it was 
something he had never seen before. 
The message, if that’s what it was, 
repeated after about a dozen lines. 
The URGENT cell-phone message 
seemed very real, so without asking 

permission, he wheeled the bike into the darkness. 
It was soon obvious that the bicycle knew where it was going. 

Jadrien deferred to the guidance provided by the onboard computer. 
The bicycle headed down the road at the side of his house, then across 
the large drainage ditch, and he was relieved when he found there was 
no water in it. From there, they went across the main highway, and 
up a neighborhood road, then veered off through a gate onto a narrow 
dirt road. After about a mile the road narrowed, then became rough 
and finally disappeared into the country grass. If there hadn’t been a 
full moon that night, Jadrien could not have seen anything. As it was, 
the entire countryside took on an eerie, spooky glow, and he was 
getting nervous. As they entered the woods, the spooky feeling turned 
into serious insecurity. But he was not afraid, he kept telling himself.

Without warning, the bicycle slowed and stopped next to an old 
stump in a stand of huge, dark trees. Jadrien tentatively stood on the 
stump, hoping to see better into the gloom. A diffuse white light 
streamed down through the high branches, giving the ground a satin 
texture, and creating thousands of grotesque shadows.



Something told Jadrien that he was not alone. At first he just felt 
it, but gradually he could see a light spot hovering in the air above 
him, perhaps twenty feet away. It made a sound that was a 
combination of a fireplace and a waterfall, but very, very quiet. It was 
surrounded by several luminous rings, or spheres, which it seemed to 
shed, like soap bubbles. The bubbles, or whatever they were, floated 
slowly away, growing and becoming fainter and fainter, until they 
could not be seen at all.

The bicycle display now was switching between the message with 
the mysterious characters and perfectly ordinary English words. 
Jadrien leaned over the display to read.

ENTITY. COMMS POSSIBLE. INDICATE OPTION. 
It took him several minutes to guess what that meant. ENTITY 

could be the light that shed the bubbles. COMMS could mean 
communications, and the message seemed to indicate that it was 
possible. OPTION must be some action he could take. Suddenly he got 
it: The Entity was inviting him to communicate with it!

But how? He had no idea what the sound coming from the Entity 
meant, nor what he should do to indicate his intention. The best he 
could do was type a response, in English, using the virtual keyboard 
that the display provided.

JADRIEN. COMMS DESIRED. ADVISE. 
He deliberately tried to imitate the message from the Entity, 

signing his name at the beginning. Almost immediately, the display 
was refreshed with a new message.

ENTITY. INTERMEDIARY ADEQUATE. CONFIRM.
While he had hoped, even expected, a response, it shocked Jadrien 

when he saw it. Here he was, communicating through his bicycle with 
something he had never seen before, never even thought about before, 
something he knew no one else would believe if he told them. He had 
no idea what it was, what it was doing there, what it wanted, whether 
it was friendly or dangerous, whether it was alive or a machine, or 
even whether it was made of matter. Truly, he did not know what to 
think, and for several minutes, he thought about nothing but the 
beauty of the glow emanating from the expanding bubbles as they 
gently settled all around him and diffused into nothingness. Finally, 
he shook off his fixation and typed in another message: 

JADRIEN. WHAT IS ENTITY? 
Again, the answer came back almost immediately.
ENTITY. ENTITY IS ENTITY. 



Jadrien didn’t know what to make of this. He was getting ready to 
send another message when the display changed again.

ENTITY. DIRECT COMMS POSSIBLE. INDICATE OPTION.
Of course! It wanted to know whether he was interested in 

communicating directly with the Entity. Not using the bicycle as the 
intermediary, but directly. But how? How should he ask how? He 
climbed onto the bicycle seat and stared at the display. Two minutes 
went by, then three. Finally, he used the keyboard again.

JADRIEN. DIRECT COMMS DESIRED. ADVISE.
In almost no time, the reply appeared on the display.
ENTITY. PROCEDURE FOLLOWS. EXTEND ARMS TO SIDES. 

SEPARATE FINGERS. CLOSE EYELIDS TIGHTLY. MOVE EYES 
RAPIDLY SIDE TO SIDE. PERCEIVE ARC PATTERNS. CONFIRM.

Jadrien’s excitement was indescribable. He got off the bicycle and 
stood on the top of the old stump, extending his arms, spreading his 
fingers, and squeezing his eyelids tightly shut. It took some practice to 
move his eyes rapidly left and right while they were closed, but soon 
he got the hang of it, and could do it for longer and longer periods. 
With increasing experience, the arcs appeared longer and longer, 
curving around until their ends began to approach each other. It was 
exhilarating to see the arcs, but there were NO COMMS.

JADRIEN. ARCS CONFIRMED. NO COMMS. ADVISE.
The Entity responded on the display.
ENTITY. ARCS BECOME CIRCLES. COMMS RESULT.
“Aha!” By now, Jadrien was getting good at understanding this 

very sparse language: Keep doing it until the arcs form circles. The 
circles enable communications directly with the Entity. All he had to do 
was keep practicing until the arcs formed complete circles. 

Standing on the stump next to his bicycle, he resumed the 
procedure of extending his arms and fingers, squeezing his eyelids 
shut, and oscillating his eyeballs. At first the arcs had formed about 
half a circle, but soon they closed to about ¾ of a circle. Eventually he 
was able to make the arcs close completely, and he could see the 
shimmering, drifting circles, luminous and expanding, clearly the 
counterpart of the Entity’s bubbles. And then he began to see the 
messages coming directly from the Entity, and he returned his own 
directly to the Entity. It was a revelation. Jadrien was staggered at 
the significance of the messages. He resolved to share them with 
everyone in the world, and he felt certain they would completely 
change the world…





But that is another story…



Who is “Grandpa Bob”?
I am extraordinarily lucky––I have six 

grandchildren. Sadly, most of us live too far apart, 
scattered around the world really, to have as much 
time together as I would like. But that doesn’t prevent 
me from enjoying many adventures that we could have 
together if only we lived next door. This book 
captures, ever so briefly, one such adventure, the one 
in which Jadrien made a conceptual leap about what a 
bicycle could be, and launched himself into an intense 
creative process to see how far he could take that 
concept. I hope this story will give you an idea of how 

exciting this was for us, and how important.
When I was not having adventures with Jadrien, I earned a living as a 

physicist. I studied the structure of atoms, how light bounces around collections 
of mirrors, how to make new elements in an accelerator, how atoms can be torn 
into pieces, what happens when a laser beam passes through a crystal, how a 
laser can make a spark, how a radioactive atom can tear a molecule apart and 
make it give off light, how a flame makes soot, how a bunch of simple objects 
can get together to do really complicated things, how to make a flat screen color 
TV, and how to use nanotechnology to make a computer that would be better 
than any computer that has ever been built.

When I wasn’t busy with these activities I did a lot of traveling on all seven 
continents. I have been to Australia, Canada, Chile, China, Egypt, Ecuador, the 
Galapagos Islands, Indonesia, Israel, Mexico, all 50 States, and nearly every 
country in Europe. For many years, I organized and led expeditions to very 
remote places in the ocean, especially exploring underwater islands. One of 
these, Cordell Bank, became a national marine sanctuary, and another was 
eventually named Schmieder Bank. I took expeditions to some famous places, 
including Peter I Island and Heard Island in Antarctica, Easter Island, and Kure 
Atoll (at the end of the Hawaiian Island chain). On these expeditions we 
discovered many new species of organisms; three animals and one plant that we 
discovered were named after me.

I like to write, and so far I have published about 100 technical papers and 
fourteen books, including one for each of my grandchildren. All this is well and 
good, but perhaps you’ll discover, as I did, that life is mostly about family and 
friends, and that’s what this book is about.
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