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Prologue 
Thank you for downloading our book! We 

remember not too long ago “back in the day” when 

we were in your shoes back in middle school. While 

the times of our old “flip phones” have changed into 

today’s age of smartphones, we still share the 

same interests as you do for learning and creating 

new technologies, which led to us where we are 

today. 

We created a storybook for you that relates 

our generation to yours. We portrayed the younger 

versions of ourselves as characters that interact 

with older versions of ourselves in a fun story to 

show off some of the cool career possibilities that 

lie ahead of you. In this story of “Career Day”, the 

young characters with interests in aviation, 

engineering, and medicine get to meet grown up 

pilots, engineers, and doctors. While there might be 

some underlying learning of some concepts of 

information theory, we hope to inspire you to 

continue your thirst for learning. There’s so many 
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cool things that you can do one day, and, believe it 

or not, it’s all based on the things you learn in 

school! 
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Part 1: Liz 

Chapter 1 

 
Standing in front of the hangar at the airport, 

I could barely contain my excitement. Today was 

finally the day, Career Day! I’m going to actually 

meet a real life pilot and see real aircraft. 

In school, we’ve been learning about 

different careers and trying to figure out what we 

want to be when we grow up. Ever since I first rode 

on an airplane when I was little, I knew that I 

wanted to fly them. There’s just something so cool 

about flying around in the sky, and I was dying to 

learn more about it.  

Luckily, our school arranged for us to go on 

a field trip where we get to go meet people in our 

chosen careers. At first I thought that I would go to 

San Francisco International Airport because that 

seemed to me like where everyone went when they 

wanted to go flying, but instead my mom dropped 
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me off at Palo Alto Airport. I didn’t even know that 

there were small airports like these, and I definitely 

didn’t know that one was just down the road from 

me.  

Instead of a busy terminal with lots of 

people, there was a simple parking lot leading to a 

small building, and there were hangars of aircraft all 

around. There were also some small airplanes 

sitting outside that I could see. I was already 

excited, the airplanes were so close!  

I walked up to the building and went inside. 

There was a nice lady at the front desk who 

greeted me.  

“Hello, young lady, how can I help you?” 

she asked. 

“Hi, my name is Liz. I’m here for my school’s 

Career Day,” I nervously said. 

“Oh, of course! So glad to meet you! I’ll call 

your pilot over to come get you right away,” she 

nicely said. 

As I waited, I looked around at all the 

people. A lot of them just seemed like normal 

people wearing normal clothes, but there were also 

some men in business suits. A few appeared to be 
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talking in small groups about flying, and a few 

others seemed to just be waiting around. In the 

back of the building, there was a glass door that led 

out to a big open concrete area where some 

airplanes were parked. I could even see some 

airplanes taking off and landing not very far away.  

“Hello there, my name is Rachel. You must 

be Liz.” I was so focused on watching the planes 

outside that I didn’t even notice the lady come up to 

me. She was very tall, and she was wearing a one 

piece green outfit, which I recognized was a flight 

suit. She was definitely a pilot, and she seemed 

very nice. 

“Yes, I’m Liz! It’s so nice to meet you,” I said 

as I reached out to shake her hand.  

“It’s very nice to meet you too. Do you want 

to be a pilot when you grow up?” she asked. 

“I do! I mean, I don’t know much of anything 

about it though. I’m really excited to learn about it 

today,” I said. 

“Well, that’s perfect, let’s go check out my 

helicopter,” she said. 

I could barely contain my excitement. A 

helicopter! That’s so cool! I’ve only ever seen them 
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flying around above me before, I’ve never gotten to 

see one up close. I never understood how they 

actually flew or what they looked like on the inside.  

I followed Rachel out of the building and 

onto the flight line. There were some airplanes 

parked around, but there were also a bunch of big 

buildings that the airplanes could be parked inside. 

I recognized those as hangars. Rachel walked past 

a few buildings and then went into one of them.  

“Here we go, this one is mine,” she said as 

she opened the door. 

When she opened the door, I saw the 

helicopter. It was so big! They always seem so 

small when they’re flying around outside up in the 

sky. I thought that there was maybe just one person 

inside, but there was room for two people to sit in 

the front, and the back was also big enough that a 

few people could fit inside.  

“Wow! It’s so cool! Can I sit inside?” I asked. 

“Of course you can,” she said. She walked 

up to the door of the front and stepped aside so 

that I could get in. 

As I looked inside, I saw a chair with a lot of 

seatbelts, and a ton of gauges, lights, and 
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computers. It looked so complicated! Of course, 

everything was turned off since it was sitting inside, 

but I couldn’t imagine what it looked like when 

everything was turned on and moving. 

Rachel helped me climb inside without 

accidentally kicking the many switches and buttons 

that seemed to be everywhere. I sat in the seat and 

she helped me strap in. 

“What do you think?” she asked. 

“It seems really complicated. How do you 

know what all of these buttons do?” I asked 

nervously. Being a pilot started to seem like it might 

be too hard for me to learn. 

“Well, pilots go through a lot of training 

where we learn what all of the buttons do and how 

to fly. It takes many years, but you learn things 

slowly and one at a time until eventually you get the 

hang of it. It’s just like math in school. You didn’t 

start off with algebra right away, you started with 

addition and subtraction and then worked your way 

up, right?” she said. 

I suppose she was right. When I think back 

to elementary school, it almost seems silly that we 

spent so long learning our multiplication tables. But 
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when I think about high school, learning calculus 

seems too complicated. I guess I never really 

thought about how much we learn in each grade 

and how we continue to keep learning more. Going 

to school that’s all about flying has to be really cool 

though. 

Rachel pointed out all of the various gauges 

and switches around me and explained what they 

did. There were gauges that tell you how the 

engine is doing because that’s really important to 

keeping you in the air flying. There were switches 

for all kinds of lights, buttons for typing things into 

the computers, and a lot of switches for starting the 

engines.  

“How do you make it fly?” I asked. 

“Look at the flight controls in front of you. 

The stick in front of you between your legs is called 

the cyclic. It will move the nose of the aircraft 

around in whatever direction you tell it to. Off to 

your side is a lever-type control called the 

collective. It moves the aircraft up and down. Also, 

under your feet are pedals. They twist the aircraft 

from side to side when you push them,” she 

explained. 
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I was completely overwhelmed. I had no 

idea that helicopter pilots had to do THREE things 

at once. Since the aircraft was turned off, none of 

the flight controls actually moved, but I put my 

hands on them as if I was flying. I put my right hand 

on the cyclic in front of me, and I put my left hand 

on the collective off to my side. I put my feet up on 

the pedals under my feet. I imagined that I was 

really flying, and it was really cool. 

As if there weren't enough buttons on the 

panels around me, there were also buttons on the 

flight controls in my hands. In my right hand, there 

was a trigger button on the cyclic. I looked at it and 

it was big and red and fit nicely right in the crook of 

my index finger. I’ve seen a lot of movies before, so 

I figured I knew exactly what the trigger button was 

for. 

“Do you have guns and missiles on here?” I 

asked excitedly. 

“No, silly! Why would you ask that?” she 

laughed. 

“Well what else is this trigger button for?” I 

asked. If the trigger button wasn’t for shooting 

guns, I had no idea what else it could be. 
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“It’s for the radio. If you were flying, you’d be 

wearing a helmet with a microphone by your mouth, 

and when you want to talk, you have to hold that 

button in. We use it a lot, so that button is in an 

easy-to-use place,” she explained. 

“A radio? What do you need a radio for?” I 

asked. 

“That’s how we talk to everyone. The sky is 

full of a lot of airplanes and helicopters, and they all 

need to be talking to each other so that they don’t 

run into one another,” she said. 

“Oh, I guess I never thought about that 

before,” I said. The only radio I’ve ever seen was 

built into my parents’ car. I’ve seen the ones that 

people use to talk to each other on TV before, but I 

didn’t know that they were in airplanes. 

“Using the radio is very important to being a 

pilot. In fact, I have a great idea. Let’s go up to the 

tower and listen to the radio calls that are going on 

up in the sky right now,” she said. 

“That sounds super cool! Let’s go!” I 

exclaimed. 

As we walked from the hangar to the tower, 

Rachel explained to me what the tower was. “The 
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tower is where all of the radio communications for 

this entire airport happen. They keep track of all the 

airplanes on the ground and in the sky to make 

sure that no one runs into each other. They are 

usually up high in a tower so that they can see all 

around the airport where everyone is.” 

We walked for a while until we reached a 

big tower-looking building. We went inside and 

walked up a lot of steps. Once we got to the top, 

there was a big room with windows all around so 

you could see in every direction. Because we were 

so high up, you could look down and see all of the 

airplanes on the ground. We could also see the 

airplanes that were taking off and landing on the 

runway right in front of us. 

Even more impressive than the view was all 

of the talking that was all happening at once. There 

were several people around with headsets on and 

panels of buttons and switches in front of them.  

We walked over to one person who was 

busy talking on the radio.  

“This is the radio controller that talks to all of 

the airplanes to let them know that they’re cleared 

to take off and land. He makes sure that only one 
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person at a time is on the runway so that no one 

runs into each other,” Rachel explained. 

We listened to him while he was working. 

Through the speaker in front of him, we heard 

some static and a voice come through that said, 

“Tower, Redhawk 742 holding short of runway 32 

for take off.” 

The guy in front of us in the tower held a 

button down and said into his microphone, 

“Redhawk 742, Tower, you are cleared to take off.” 

All around us, there were many different 

radio calls happening that were similar to this one. 

“Wow, I didn’t realize how many radio calls 

go on at once,” I said. 

Rachel laughed, “Yeah, talking on the radio 

while flying is one of the most difficult things to do 

as a pilot. In addition to talking to the tower like we 

just heard now, you also have to talk to a lot of 

other people on different radio frequencies. You 

have to talk to ground control to move around the 

airport on the ground, you have to talk to air traffic 

controllers while you’re flying around the open sky 

not near an airport, and you even sometimes have 

13 



to navigate using the radio to figure out where 

you’re going.” 

“So how does all of that work?” I asked. 

“Well, each aircraft has a radio in it. You can 

set the radio to different frequencies so that you 

can talk to different people. For example, tower’s 

frequency is 122.8, so if I wanted to talk to them, I 

would type 122.8 in the radio. Then, I would hold 

down that trigger button in the helicopter while I say 

what I need to say. The radio encodes what I said 

as a signal and sends it to the radio up here in the 

tower. The tower controller’s radio decodes that 

signal back into what I said so that he can listen to 

it. It works a lot like your cell phone actually,” she 

explained.  

I listened to another radio call after she 

finished explaining. Some of them were hard to 

understand not only because I didn’t know what 

they were talking about, but because some of the 

radio calls sounded like they had a lot of static. 

“Why do some of the radio calls sound 

static-y and hard to understand?” I asked. 

“That’s because of noise. Anytime you have 

a communication channel like this one, there is 
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going to be an element of noise that is going to 

mess up the signal a little bit. Different things can 

make more of that static noise happen. If you try to 

call someone on the radio that is too far away from 

you, the noise will mess up the signal too much and 

you won’t be able to understand it. Also, sometimes 

the weather or metal objects getting in the way can 

have a bad effect as well,” she explained. 

“So what do you do if there’s too much 

noise and you can’t talk on the radio?” I asked. 

“Well, there’s several things we do to try to 

compensate for the noise. Sometimes, we repeat 

what we said multiple times so that hopefully one of 

them gets through clearly. Other times, we try a 

different frequency or setting on the radio to try to 

make the signal stronger and clearer. And if you’re 

too far away, you can fly closer until the signal gets 

strong enough to understand,” she said. 

“Why don’t you just use cell phones?” I 

asked. I’ve never heard static on my cell phone 

before, so it seemed like a logical solution to me. 

Rachel laughed a bit, but calmly explained, 

“Well, there’s a few reasons. One is that when you 

make a call on your cell phone, it’s only between 
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you and one other person. But these radio 

frequencies have many, many people all listening 

and talking to each other at the same time. Also, 

your cell phone only works when it’s close enough 

to cell phone towers, and once you go really high 

up in the sky like an airplane, you won’t be close 

enough to a tower for it to work anymore. The radio 

enables everyone to communicate together at once 

so that an airport can have hundreds of airplanes 

all coming and going from one small spot without 

hitting each other. It’s the most important piece of 

equipment on any aircraft.” 

I had never thought of any of this before. I 

thought it was going to be hard enough to move all 

three of those flight controls at the same time, but 

to talk to people while doing all of that seemed 

extra difficult. 

“How do you do all of that at once? And 

what do you need to talk to people about?” I asked. 

“Well, it comes with a lot of practice,” she 

laughed. “Let’s head back down to the hangar, and 

we can talk some more about what pilots do when 

they fly.” 
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I excitedly followed after her. I’ve already 

learned so much about being a pilot, and we were 

just getting started! I couldn’t wait to see what we 

were going to do next. 
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Chapter 2 

 
I followed Rachel back to the small building 

where we started, and we went into one of the 

rooms away from the main area. There was a big 

table, some computers, and a lot of maps and other 

papers laying around. 

“This is the room where we do our flight 

planning,” she said. 

“Flight planning? Like, what planning do you 

have to do?” I wondered. 

Rachel laughed, “We have to do a lot of 

work before we can go fly. One of the things we 

always do is plan a route that we plan on flying, and 

then we submit that route on a flight plan to the 

FAA. That way, if we ever get lost, or they haven’t 

heard from us in a while, they would know where to 

start looking for us.” 

“So, you mean like if you crashed?” I 

nervously asked. 

“That would be an extreme example, but 

there are many other reasons that they would need 
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that information. If we had an emergency and 

landed somewhere that the radios weren’t working, 

that would be another reason. Also, they collect the 

planned route from all of the aircraft and it helps 

them to know where everyone is planning on being, 

so that they can keep track of where everyone is,” 

she said. 

“Oh, well that’s kind of comforting to know, I 

suppose. What else do you have to do?” I asked. 

“Well, everyone that is flying together has to 

sit down and talk before we go fly for the day. We 

talk about what we plan on doing, what we’re going 

to do if things go wrong, what the weather is 

supposed to be… you know, things like that,” she 

said. 

“The weather? Why do you care about the 

weather?” I asked. 

“The weather is very important when you’re 

up in the sky with it!” she said. “We have to know 

where the clouds are so that we don’t accidentally 

fly into one when we’re not planning to, we need to 

know what direction the wind is coming from and 

how strong it is because it will push the aircraft in 
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that direction, and we need to know if there’s any 

storms so that we can avoid them.” 

“Oh, that makes sense. So do you just 

watch a lot of The Weather Channel on TV then?” I 

asked. 

She laughed again, “No, we have special 

ways to get the weather information that we need. 

In fact, right on the table there is a print out of the 

latest weather.” 

I looked on the table and saw many pieces 

of paper, but none of them seemed to make much 

sense to me. Rachel picked one of them up and set 

it in front of me. I looked at the first line and it just 

looked like a bunch of random letters and numbers:  

KPAO 131747Z 35003KT 3SM BR SCT010 

“This is the weather?” I asked. 

“Yup,” she said. “In order to communicate 

the weather most effectively, it’s put into a sort of 

code that shortens the amount of information. All 

pilots learn this code in flight school and can 

interpret it. It’s like whenever you want to send a 

large amount of information on a computer. The 

computer encodes the data, compresses it, sends 

the smaller file more easily, then the receiving 
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computer decodes and decompresses it to recover 

the data. Have you ever heard of something like 

that?” 

“Oh yeah, I have heard about something 

like that in school. I never thought that it was 

actually used in the real world before though. So 

what does this one line mean?” I asked. 

“Well the first four letters ‘KPAO’ are the 

airport identifier. All airports have a four letter code 

to represent them. All airports in the U.S. start with 

a ‘K’. The next three letters are for the specific 

airport. Since we’re a Palo Alto Airport, our 

identifier is ‘PAO’. You’ve probably heard people 

refer to San Francisco Airport as ‘SFO’, which is 

that airport’s identifier,” she explained. 

“Oh yeah, I always wondered why people 

did that. Is that the same thing for LAX and JFK?” I 

asked. 

“Exactly! The actual identifier would be 

KLAX and KJFK though to indicate that they’re in 

the U.S,” she said. “The next group is ‘131747Z’. 

This represents the date and time that the weather 

information came out, so that you know how recent 

it is. The first two numbers ‘13’ indicate the date, 
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which today is March 13th. The rest of it is the time, 

1747Z. The ‘Z’ at the end indicates the time zone. 

Since it would be confusing for people in different 

time zones to all be using different times, everyone 

uses one time zone as a reference. This ‘zulu’ or ‘Z’ 

timezone is in Greenwich, England. So even 

though it’s 11:47 a.m. here, it’s 1747 in the zulu 

time zone, which is the same thing as 5:47 p.m if 

you’ve heard of the 24-hour clock vs the 12-hour 

clock.” 

I had heard of people referring to the p.m. 

hours as things like 1747 instead of 5:47 p.m. 

before on TV, so I understood that part. But, I had 

to ask the obvious question in my head, “Why does 

everyone use England as the time zone 

reference?” 

“That’s a great question! Unfortunately, 

there isn’t a straight answer. Whoever came up 

with the time zone labeling a long time ago was 

probably from there and started labeling from there, 

and it just stuck. It’s kind of like why all pilots in the 

entire world speak English on the radios. Because 

we invented flying!” she said. 
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“Wow, I had no idea! That’s so cool!” I said. 

“What does the next part mean?” 

“The next part, 35003KT, is the winds. It 

means that the winds are coming from the 350 

direction. You’ve heard of a compass, right? 360 is 

north, 090 is east, 180 is south, and 270 is west. So 

this means that the winds are just slightly west of 

due north. And the last part means that the speed 

of the winds is 3 knots, and knots is the 

measurement for speed, kind of like miles per 

hour,” she explained. 

“How fast is a knot?” I asked. 

“A knot means that it is a nautical mile per 

hour instead of a statute mile per hour. A statute is 

the mile that you’re used to, 5,280 feet. A nautical 

mile is used in navigation and is slightly longer at 

6,076 feet. So, a nautical mile per hour, or knot, is 

slightly faster than a mile per hour,” she said. 

“That’s pretty cool,” I said. 

“The next part, 3SM, is the visibility. It 

means 3 statute miles, and now you know what a 

statute mile is! It’s important to know the visibility so 

that you know how far in front of you that you can 

see. If you could only see a very short distance, like 
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when it’s foggy out, that would be more dangerous 

to fly in. The next part, ‘BR’ goes along with this 

and it means ‘mist’.” 

“Mist? How does BR mean mist?” I asked. 

She laughed, “I know BR doesn’t seem to 

be similar to mist at all, but I remember it by calling 

it ‘baby rain’. There’s a lot of other codes that can 

be put here that describe the impacts on the 

visibility. Some others are FG for fog, SN for snow, 

RA for rain, and TS for thunderstorm.” 

“Those seem to make more sense. What do 

you do if you forget what the code means?” I 

asked. 

“The same thing everyone does when they 

don’t know something… You Google it!” she 

laughed. 

“I’m glad that I’m not the only one who does 

that!” I said. “What does the last part mean?” 

“The last part, SCT010, tells you where the 

clouds are. The first three letters tell you how much 

of the sky that the clouds cover. There’s four levels: 

few, scattered, broken, and overcast. Since this 

weather is scattered, it means that just under half of 

the sky is covered by clouds. The numbers tell you 
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how high they are in hundreds of feet. So, 010 

means 1000 feet in this case,” she explained. 

I looked again at the one line of weather 

information that we had just spent a half hour 

talking about: KPAO 131747Z 35003KT 3SM BR 

SCT010. This short little sentence told us all about 

the location, date, time, wind direction, wind speed, 

visibility, and location of the clouds. 

“Wow, I can’t believe we got all of that 

information out of just a few letters and numbers,” I 

said. 

“Now you see how much more efficient it is 

to communicate that information. If this was written 

out in words, it would take up more space, take 

more time to read, and leave more room for errors 

in the process. Having a simple line that gets 

encoded and decoded saves so much space and 

simplicity,” she said.  

I thought about how cool and efficient this 

was. The weather never seemed interesting to me, 

but now that it was in a secret code, it was really 

awesome. 

“There’s a lot more lines on that page that 

show the forecasted weather in addition to that one 
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line of current weather we just read, we could be 

here all day discussing the weather! But, I’d like to 

go back out on the flight line and show you some 

things that are more interesting!” she exclaimed. 

“Alright, let’s do it!” I said. 

I almost didn’t want to admit how cool I 

found the weather information to be. This day has 

been so amazing so far, I can’t imagine what 

Rachel has in store for me next! 
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Chapter 3 

 

We left the briefing space and walked out 

into the lobby of the small building. Rachel went 

over to the desk and said something to the lady 

working there, and then the doors to the flight line 

opened. 

“Are those doors locked or something?” I 

asked. 

“They’re not really locked, they just don’t 

open automatically. The lady at the front desk has 

to open them for you. It prevents people from 

accidentally wandering out onto the flight line. It can 

be a dangerous place with a lot of aircraft moving 

around, so you don’t want just anyone walking out 

there alone,” she said. 

“Oh, that makes sense. Kind of like security 

at a normal airport,” I said. 

Once we got outside the building, there was 

a huge, open concrete area that had some lines 

painted on it, and different airplanes parked all 

around.  
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“Since this is a pretty busy part of the 

country, there’s a lot of different types of aircraft 

parked here. It’ll be fun to check them out,” she 

said. 

We continued walking closer to some of the 

airplanes. The first one we walked up to was a very 

small airplane with a propeller on the front. It looked 

like it could fit two people in the front and maybe 

another two or three in the backseat. 

“This is a Piper. It’s a very common general 

aviation aircraft that people start out learning to fly 

in. Since it’s so small and simple, it’s a great 

learning airplane,” she said. 

We stepped up on the wing and looked 

through the window into the cockpit. It almost 

looked like a car on the side. There were a couple 

of seats with normal seat belts, and there was 

almost a steering wheel-looking thing. There were 

some gauges and switches, but not nearly as many 

as in Rachel’s helicopter. 

“It looks so simple compared to your 

helicopter,” I said. 

Rachel laughed, “Exactly, I’ve been flying 

for a few years now, so I’ve worked my way up to 
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my helicopter, but I started out learning on this 

aircraft.” 

I looked around the flight line at all of the 

different aircraft. There were so many different 

shapes and styles and colors all around. 

“Are we going to get to look at all of these?” 

I asked excitedly. 

“Sure, it’s your day, so we can spend it 

checking out all of the different aircraft,” she said. 

“Do you fly all of these?” I asked, gesturing 

around the flight line. 

“Of course not,” she laughed. “It takes a lot 

of training to fly a specific aircraft, so pilots usually 

only fly one or two different types.” 

“So, how do you know what they all do?” I 

asked. 

“Well, while I don’t fly all of these or know 

much of the specifics, it’s pretty easy to figure out 

what they do based on what they look like. It’s kind 

of like how you don’t know every animal in the 

world, but if you saw one that you didn’t know, you 

could probably make some good guesses about it 

based on where you found it or how it looks,” she 

said. 
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“I’ve heard of this before, it’s like if you told 

me that it’s freezing outside but not what month it 

was, I could figure that it’s probably one of the 

winter months,” I said. 

“Exactly!” she said. “It’s called ‘mutual 

information’. Let’s give it a try by walking down the 

flight line and looking at aircraft. We’ll see what kind 

of guesses you can make about what they do and 

who flies in them based on how they look.” 

We walked to the next aircraft, and it looked 

like a miniature commercial airliner. It had little 

round windows all down the side, and the same 

wings and shape as the airplanes I had flown on 

before. 

“I’ve flown on bigger ones like these before 

to go on vacation with my family, but I’ve never 

seen one this small. Since the big one I was on 

held a couple hundred people, I’m guessing this 

one can only fit about 20 people. So, maybe it’s for 

taking small groups of people to places?” I asked. 

“Very close! This is a Learjet, and that is 

pretty much what it does. We can’t quite see in the 

window from down here, but on the inside it’s much 

more spacious and comfortable than the typical 
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airliner. It’s usually used for taking rich 

businessmen or celebrities places that they want to 

go,” she said. 

“That makes a lot of sense! I would have 

gotten closer if I could see in the window!” I said. 

We walked down the flight line to the next 

aircraft. It was a helicopter, but it was pretty small. 

It had a red cross painted on the outside and a lot 

of medical equipment in the back. It looked like only 

a few people could fit inside. 

“Is this a medical transport helicopter?” I 

asked. 

“That’s right!” she said. “Whenever people 

get into bad accidents or urgently need to get to a 

hospital faster than an ambulance can take them, 

these helicopters go and pick them up and take 

them to a hospital. They have enough equipment in 

the back to keep the patient stable until they get to 

the hospital.” 

We continued down the flight line to another 

small airplane that was similar to the first one, but 

this one was painted bright colors and had a 

smoother look to it. If the first aircraft was a Honda 

Civic, this one was a Corvette.  
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“Wow, this one looks really cool. I’m trying 

to think of what a sports car-looking aircraft would 

be doing flying around in the sky,” I thought out 

loud. 

“You’re on the right track. Because of its 

sleek design, this plane is able to do a lot of 

aerobatics in the sky. You know, like loop-de-loops 

and barrel rolls. Sometimes people own them for 

fun, and sometimes they perform at airshows for 

people to watch,” she said. 

We continued down to the end of the flight 

line and the last aircraft at the end was a HUGE 

airplane. It was painted all gray and it was massive. 

It was way bigger than the airplane I had ridden on 

before. It had several engines on each of the wings, 

and it had “U.S. Air Force” written on it.  

“Wow, this thing is HUGE!” I exclaimed. 

“Based on the writing on the side and the gray 

color, I know it’s a military aircraft. Since it’s bigger 

than a commercial airplane that carries lots of 

people, I’m guessing this thing carries either even 

more people, or really big things from place to 

place.” 
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“That’s pretty much correct! This is a C-5, 

which is the biggest aircraft in the whole U.S. 

military. It can take either people or things from 

place to place like you said. The back is a big 

empty space that you can put seats in to carry 

people, or you can even fit other aircraft inside of it 

to take them to far away places,” Rachel explained. 

“Why would an aircraft need to be flown by 

another aircraft?” I asked. 

“The smaller an aircraft is, the less fuel it 

can carry, so the shorter of a distance it can fly 

before it has to land and refuel. That’s normally fine 

if it’s flying around over land, but in order to cross 

an ocean, it would have to be transported in one of 

these,” she said. 

“Oh, I didn’t think of that,” I said. 

“Look at the time!” Rachel said. “We’ve 

been so caught up looking at aircraft that we’re late! 

Your mom is probably waiting for you in the parking 

lot.” 

“Aw man! I want to stay longer! There’s so 

much more to see and learn about!” I said. 

“I’m glad you had so much fun today! 

Maybe when you get a little older, your parents 
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could sign you up for some flying lessons. You’d 

start out on that small Piper we saw earlier, and 

then one day, you could even be flying airplanes as 

big as this one,” she said. 

I was so excited by the idea that I could 

actually take one of these airplanes up in the sky. I 

felt like I had learned so much about being a pilot, 

and I was excited to be a pilot when I grew up. 

“Thanks so much, Rachel!” I said. “I hope to 

be a pilot just like you one day.. Maybe we can 

even fly together!”  

“That’s definitely a possibility! Continue to 

do well in school, and you can do anything you 

want!” she said. 

We walked back through the building and 

out to the parking lot. I saw my mom’s car waiting 

to pick me up, and I noticed I had a bunch of text 

messages from her saying that she was here, but I 

had been too busy all day to look at my phone. I 

said thanks and goodbye to Rachel one more time 

and headed to the car. 

“Did you have a fun day?” my mom asked. 

“Yeah! I learned so much, and I definitely 

want to be a pilot when I grow up!” I said. 
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My mom smiled, and we drove away. I 

couldn’t wait to one day return to the airport as a 

flight student, and eventually, a real pilot.  
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Part 2: Kevin 

Chapter 4 

 
Career day. We have this day every single 

year at our school, but it always seemed like a way 

for my friends to brag about how cool their parents 

are, or to show that they have a richer family than 

mine. I never enjoyed it that much and always tried 

to hide in the background. However, this year felt 

different. Being one year away from high school, a 

time when we are somehow expected to know what 

we want to do for the rest of our lives, I had started 

thinking more about what I felt interested in. 

Thought about engineering….Eh, not “mathy” 

enough for that. Plus, I can barely pass Algebra II. 

Thought about comedy....Are you kidding me 

Kevin? You’re not funny enough for that. Your 

friends don’t even laugh at your jokes. My mind has 

explored many different options, but none of them 

seem to fit what I feel like my adult life should look 
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like. Now, I feel like I should’ve paid more attention 

to previous career days because part of the 

problem is that I don’t even know what adults do in 

the real world that I could possibly do in the future! 

 

However, I do know two things for sure. 

One, I love technology. Everything about it. 

Whether it is watching video reviews about the 

newest iPhone, exploring how to develop apps, or 

playing Playstation with my brother, it doesn’t take 

much for me to get excited about tech. Second, I 

have been around medicine all of my life. My mom 

has been a registered nurse at a cancer hospital 

nearby for over 25 years and always talks about 

how she has a great time getting to know her 

patients. My grandfather, whom I was very close to, 

had battled with Parkinson’s Disease for eight 

years before passing away last year. It was a really 

low time for me. I frequently visited him at the 

hospital and saw that the doctors there were 

always working so hard to get him to feel better. 

They felt like heroes in the dark. My mom always 

encouraged me to explore a career in medicine, but 

after seeing how difficult it was to see my 
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grandfather pass away slowly and painfully made 

me doubt that I wanted to spend the rest of my life 

watching over sick people. I felt conflicted. 

 

Thus, tangent aside, back to career day. 

When our teachers told us that a surgeon, Dr. Yim, 

was coming to visit, my ears and eyes perked up. I 

had only met “normal” doctors during my visits to 

see my grandfather and during my routine 

checkups. But surgeons felt like they were on 

another tier of ~coolness~. They physically go in 

and fix things in us, like mechanics working on 

cars. Super cool and also they use a lot of screens, 

devices and tech to monitor the person that they 

are operating on (I know from all of the TV shows 

and movies). I had lots of questions in mind to ask 

Dr. Yim, and I could not wait for tomorrow.  

 

“Hello, Dr. Yim! My name is Kevin and I was 

hoping I could find out more about your job as a 

surgeon,” I nervously questioned while reaching my 

hand out for a handshake. I thought he would look 

more intimidating, but he was just a normal looking 
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middle-aged man in dad clothing. That made me 

feel better.  

 

“Nice to meet you Kevin! What would like to 

know about my job? My day-to-day routine? How I 

interact with and diagnose patients? The 

technicalities of surgeries? Feel free to ask me 

anything and everything you would like! Dr. Yim 

exclaimed.  

 

Here was my chance to ask him about tech 

in medicine.  “Hmm… I am really curious about the 

technology that is used in your job,” I asked 

enthusiastically. “I am really interested in tech in 

general, and have been around medicine because 

of my family all of my life, so I want to see if I could 

find a career that has a mixture between those two 

fields.” 

 

“Absolutely. It sounds like you have already 

thought a little bit about a career in medicine, and 

you will be delighted to hear that I use technology 

everyday in my job. As a big example, a recent tool 

that I have just been trained to use is the Da Vinci 
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Surgical Robot. Basically, I sit in the corner of the 

operating room with the robot controller and a 

screen that shows that robot’s field of vision, and 

move my hands, like I am operating as the robot. 

The robot is physically moving with the inputs that I 

am providing, and it is groundbreaking because I 

can perform the same operation with less scar 

tissue and less pain for the patient,”  Dr. Yim 

explained.  

 

“Woah. How can you trust that the robot 

does not do anything you don’t want it to do? That 

could be dangerous for the patient!” I asked.  

 

“The robot is extremely precise and as far 

as I have experienced, safe, consistent, and 

reliable. As far as errors, that’s a question for the 

robotics company to answer, as I am not an 

robotics engineer. But I can tell you one thing for 

sure. The controller better be transmitting the 

proper digital signals, otherwise I would be livid!”  

 

“I would be too… I get mad whenever my 

game glitches too,” I followed.  
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“Continuing on the topic of tech in my job, 

us as a team of surgeons preview difficult cases by 

performing the case on a virtual reality model of the 

patient. The structures are created by combining 

imaging from MRIs and CT scans. It allows us to 

essentially “practice” before the real game,” Dr. Yim 

explained.  

 

“Wow… it’s like a video game!” I exclaimed 

with vigor.  

 

“Well, yes, in a way, Kevin. But our team 

takes it extremely seriously. There is a lot at stake 

here. We usually use this technology to help with 

extremely difficult cases that would be nearly 

impossible to complete without a practice run,” Dr. 

Yim explained. 

 

“And to top it all off in terms of technology in 

my job, you would be surprised to hear that the 

most important form of technology in my job is 

actually email. Having a form of digital 

communication is the best way to make sure that 
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my patients can schedule meeting times with me, 

for me to keep track of my patients’ progress post 

operation, and to check to make sure that people 

are consistently taking their medications,” Dr. Yim 

explained.  

 

“This is all so cool. I really did not know how 

important technology was to a doctor’s daily job, 

especially how important it is to convey digital 

information, through virtual reality, robots, and 

email. I always thought that surgeons just went into 

the operating room and performed a procedure and 

healed people just like that. Thanks for telling me 

all of this. I want to find out more now!” I jumped 

with joy.  

 

“I am glad to hear that, Kevin. Anything to 

help inspire the next generation of young surgeons. 

I remember not too long ago when I was just in 

your shoes. Tell you what. Would you like to visit 

the hospital where I work sometime next week? 

Let’s say Wednesday for now.  I could show you in 

person and let you play around with the 
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technologies that I have described to you today!” 

Dr. Yim added. 

 

“I would love that. Wednesday works for 

me. Thank you so much Dr. Yim.” I replied. 

 

I was so excited. Before today, I had no 

idea that doctors had to use so much cool 

technology in their daily work. I bet we were just 

scratching the surface. And now, because of my 

enthusiasm, Dr. Yim invited me to see them in 

person. I absolutely cannot wait! 
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Chapter 5 

 
It was Wednesday already. It was time for 

me to visit the hospital and I could not wait. Dr. Yim 

had promised me that he would show me around 

his workplace and let me play on the Da Vinci 

Surgical Robot. My mom dropped me off at the 

hospital, near the front entrance which was next to 

a sign printed in white “Emergency Room.” I made 

my way to the front desk, and asked for directions 

to Dr. Yim’s office.  

 

“G3015,” replied the woman at the front 

desk. 

  

“Hmm.. I still have no idea where that is. 

This place is massive!” I thought to myself.  

 

As I looked around the third floor, I passed 

by administrative offices, waiting rooms, patient 

rooms, patient beds, and was fascinated how 

everything worked. Everything felt so chaotic but 
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yet so organized. I wonder how this works… people 

at the hospital must be really great at working 

together on teams. After walking and looking 

around for what it felt like was 30 minutes, I came 

upon a door labeled “Dr. Yim, MD” and knocked.  

 

“Kevin! So good to see you. Ready to see 

some of the tech that we had talked about last 

week?” Dr. Yim expressed excitedly.  

 

“Totally! Would we be able to go see the Da 

Vinci?” I asked.  

 

“Yes, absolutely. Lets go to the training 

robot in this side room. Come, follow me,” Dr. Yim 

replied.  

 

As we walked around the corner, I caught a 

glimpse of the machine. It comprised of two parts. 

The controller, a massive white box-like device the 

size of a fridge, was situated at the corner of the 

room. The surgical robot itself was next to the bed, 

and it looked like a massive claw machine, except 
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that it performed surgery rather than pick up stuffed 

animals.  

 

“Now, go for it. There are two finger rings, 

one for your thumb and one for your pointer finger, 

for each of your hands. Put your fingers in and 

notice that you can move around like you were 

performing real movements with your hand. Now 

lean in and look at the screen, you will see a 

simulation of a ripped grape and your task is to 

suture it together. Move your hands and your hands 

will also move in the simulation,” Dr. Yim instructed.  

 

I moved towards the machine, inserted my 

hands, and put my eyes towards the screen. I 

picked up the needle attached with the suture, and I 

was amazed how responsive the movements were. 

I really felt like I was moving the needle in real life.  

 

“Try to sew the grape together!” Dr. Yim 

remarked.  

 

I tried to move my needle through the skin 

of the grape, through the body of the grape, but it 
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was so difficult to try to keep the needle within the 

same area. Either I overshot or undershot, it was so 

hard to nail down precisely.  

 

“Wow. Even doing this on a simulation is 

extremely hard. I can’t imagine if someone else’s 

life depended on it,” I thought to myself.  

 

“Difficult, huh Kevin. That’s why we go 

through years and years of difficult training! See, 

you are just playing with the simulation. In actual 

operations with the Da Vinci, the tool has many 

different surgical tools that you can rotate through 

depending on your task, like scalpels, coagulators, 

suctions, irrigation, clip appliers, and more. 

Attached to that tool is a camera that transmits a 

live image of what the surgeon sees on their 

console,” Dr. Yim explained.  

 

“This is so, so cool. How does the 

movement of the hands in the Da-vinci cause the 

physical robot to switch tools and move with the 

exact precision? I know I had asked you earlier, but 

how do no errors occur? There are movies that 
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show robots going crazy and developing a mind of 

their own,” I asked.  

 

“Well, to answer your question, 

fundamentally, we need to look at how a computer 

works. Every single input, including the physical 

image of what the robot is looking at and the 

movement of your own hands, must be encoded 

into bits, a series of 0’s and 1’s that the computer 

can then process and transmit to the surgical 

console and the surgical device and vice versa! For 

example, when you move your left thumb down 1 

inch, the computer in the console will encode your 

movement into bits, send that information to the 

actual robot holding the surgical tools, in which that 

robot will decode and move it to actual movements 

by the robot in the physical world. This is how we 

are able to perform these surgeries with exact 

precision.” Dr Yim explained.  

 

“So it’s like a really large form of how text 

messaging works on a phone,” I replied. I was 

starting to see how technology and medicine were 

coming together as one. 
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“Yes, you could think of it like that, certainly 

Kevin. Now, as far as errors go, they do happen. 

However, every single technology that comes out 

by a company must undergo FDA approval and 

passage through multiple rounds of clinical trials. 

Therefore, there is a standardized method to 

testing how safe a particular device is,” Dr. Yim 

replied. 

 

FDA? Isn’t that to approve new types of 

canned food and chips? I thought it was a lot more 

casual but it sounds like they do some serious 

stuff!” I added.  

 

“Now Kevin, follow me to my office. I’ll show 

you how doctors around the world keep track of 

their patients’ health information using a software 

called Epic,” Dr. Yim remarked.  

 

I followed Dr. Yim into his office and sat on 

the cushy seat next to his desk. He opened his Epic 

interface and pointed at the screen.  
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“Here is a simple example of how important 

encoding and decoding information into a computer 

is for physicians. Without the stored information of 

a patient's chief complaint, past medical history, 

family history, and more, it would be impossible for 

us to manage the hundreds of patients we see 

every year. I have a good memory, but I can’t 

remember that much information!” Dr. Yim 

expressed.  

 

My mind was racing. So much technology 

and information systems, in ways similar to the 

phone that I use or the Playstation that my brother 

and I play, are being used in the workplace of a 

surgeon. Little did I know until I visited! 

 

“I would like to add Kevin that it is so 

important for this patient information to stay 

confidential. If a patient’s medical information is 

leaked or hacked, this could lead to major lawsuits 

against the hospital system. This is why we need 

future physicians like you who are interested in 

understanding how technology, like Epic software, 

is created and how it works on a deeper level, to 
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avoid data breach and outbreak,” Dr. Yim 

remarked.  

 

“Me? Future physicians like me? Dr. Yim 

believes I can do this?” I thought to myself.  

 

I felt super encouraged. This was exactly 

what I needed—some sort of direction on what 

technology meant in a life of medicine. I could not 

wait to ask more. Maybe I could see myself doing 

this... 
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Chapter 6 

 

I am really encouraged about a life as a 

doctor immersed in technology. Like Dr. Yim had 

shown me all of today and last week, there is so 

much tech around the hospital system, and so 

much need for tech developers that have 

knowledge about the medical system. But it's still all 

so confusing to me. How could me, someone who 

cannot even get a good grade in World History or 

Algebra, possibly pass through the rigors of college 

pre-med, medical school, and all of that hard stuff? 

I figured that I should ask Dr. Yim.  

 

“Dr. Yim, how can I pursue a career as a 

doctor when I cannot even pass math classes at 

school?” I asked.  

 

“Kevin, you don’t have to worry about that at 

all. To be completely honest with you, doctors don’t 

use a lot of the learnings that were done in middle 

school, high school, and even college. Most of the 
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things you need for your training is done in medical 

school and residency,” Dr. Yim assured. 

 

“What about math? Do you use any of that 

in your daily work? Are you saying that I should not 

care about my classes right now?” I quickly 

questioned, trying to find any excuse to forget 

about my algebra class.  

 

“Ha ha. Nice one Kevin. That’s not what I 

am trying to say. You should definitely care and try 

your best in all of your courses. And to answer your 

question, no I do not use any typical mathematics 

in my job. But...that is not to say that math is not 

important to the science of medicine and 

understanding data,” Dr. Yim responded. 

 

“Why is it important then?” I followed.  

 

“Let me walk you through an example in 

medicine that uses math, specifically probability. 

You have probably seen personally how novel 

coronavirus, COVID-19, has affected so many 

people’s lives, including school, stock markets, 
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travel, and more. Now let’s take a look at how 

people are getting tested to see if they are positive 

or negative for the virus. They receive a swab on 

their cheek and their samples are sent into the lab 

to be tested. Well…these tests are not always 

100% accurate, meaning that there is a chance of 

false positives, not having the virus when the test 

said you did, and false negatives, having the virus 

when the test said you did not have it. So given that 

we know this, doctors have to consider the 

probability that someone still may have the 

coronavirus, even when the test said negative! 

Figuring this out may stop the spread of the virus to 

others. In this case, doctors must understand the 

mathematical concepts of conditional probability 

and mutual information,” Dr. Yim explained.  

 

“What does conditional probability mean?” I 

quickly responded.  

 

“Broadly, they mean as an example of the 

weather, given that we know that it is cloudy, what 

is the probability that it rains?” he said.  
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“Ohh….. I see. I get it!” I replied. Things like 

math always start to make sense when it's put in 

the context of normal things in life.  

 

“Now that we know that, you can start 

seeing how cancer surgeons are able to use 

computers and conditional probabilities to predict if 

the areas that they are taking out of the patient are 

actual cancer tissue. This is just the tip of the 

iceberg, Kevin. There are so many uses of the 

subjects you are learning now that can be applied 

to medicine. I hope that encourages you to pursue 

it!” Dr. Yim followed up with a smile.  

 

I left the day at the hospital with Dr. Yim 

with a huge smile on my face. I could really see 

myself doing this. Before, it seemed like the field of 

medicine was a one-dimensional structure—see 

patients and help them. After talking to Dr. Yim and 

hearing about all of the different uses of technology 

and mathematics in the field, I feel encouraged and 

ready to take on the challenge. Having a job where 

I played with technology while simultaneously 
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saving people's lives does not sound too bad at all. 

And according to Dr. Yim, a normal kid like me 

could even do it. Hey, maybe career day was not 

so bad after all!  
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Part 3: Darren 

Chapter 7 

 

Looking through all the pieces, Darren was trying to 

find the perfect rectangular block to finally complete 

the Star Wars ATAT Walker. He had been working 

for several days, meticulously finding the required 

blocks in order to piece together the final puzzle. 

He finally glanced up, his smile beaming through 

the room. He delicately transferred his final creation 

into the living room, where the rest of his Lego 

creation lay. This had been the most challenging 

one to date, and he placed it proudly next to his 

other Star Wars collectibles. 

 

In his free time, Darren idealized creating these for 

a living, perhaps eventually becoming a mechanical 

engineer. He felt that his skill and dexterity were 

God given, and at times he found himself not even 

needing a manual when building out his designs. 
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The blueprints seemed to be ingrained in his mind, 

and he simply let his hands do the work.  

 

Yet, he had noticed recently that all his classmates 

had slowly outgrown Legos. Instead, they spent a 

majority of their time on their phone, constantly 

browsing the internet or playing Fortnite. He hadn’t 

been too interested in video games previously, but 

he did feel isolated during his lunch breaks when 

they would discuss things. 

 

One day, when walking home with his friend Bryan, 

he conjured up the idea of buying a video game 

system.  

 

“Dude you definitely should. We could play Fortnite 

together if you get an Xbox.” 

 

“Maybe...I don’t know man. I was thinking of getting 

a Playstation instead.” 

 

“No dude, Xbox is definitely way better!” 
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“Alright, let me read some reviews online and then 

let me talk to you about it.” 

 

Darren scurried home, excited about the possibility 

of finally converting his household into bringing him 

into the modern age. As he read on however, he 

felt more and more sure that none of these really 

suited him. He wasn’t too interested in what the 

games entailed, and  plus, he would need to mow a 

lot more lawns in order to finally save up enough for 

a console.  

 

When he returned to school the next day, his 

homeroom teacher announced that a Career Day 

was coming up this coming Friday. Darren 

remembered his initial dream of becoming a 

mechanical engineer, and went home that day to 

research all that it would take to finally realize his 

dream. He was fascinated about one day creating 

robots, similar to his Star Wars figurines, and 

engineer eco-friendly vehicles to help save the 

planet from its imminent climate change. 
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He came to school on Friday ready to hear from 

real engineers about their career, and was inspired 

to finally have a formative experience for his 

passions. 

 

“Hi, my name is Darren! I want to become an 

engineer one day. What is your occupation?” 

 

“That’s great to hear, Darren. I’m Joe, and I’m 

currently a senior engineer at Apple, working on the 

iOS software on our phones. Do you own a 

smartphone?” 

 

“Oh that’s cool. And no, I don’t. My parents haven’t 

allowed me to have my own phone yet”. 

 

“Alright, well check this out. We now have all these 

cool features, such as Siri, which is your personal 

assistant and can help you control the phone with 

your voice. Watch this… ‘Hey Siri, what’s on my 

calendar?’  

‘You have 2 items on your calendar today. The first 

one is Career Fair, starting at 11am. The next event 

is Pick Up the Kids’” 
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“Oh wow, so you this would be super useful 

whenever you can’t use your hands!”  

 

“Exactly! And let me show you some additional 

things we have on our phone as well. “This  here is 

our health app, which will track all your activity, 

such as the amount of steps you’ve walked and 

also the number of stairs you’ve climbed. So… 

taking a look here it looks like it tracked my early 

morning run.” 

 

“Would it track my activity for when I’m playing 

basketball?” 

 

“Of course, but you would still need to keep your 

phone on you at all times. That’s why we came out 

with a watch that can help you do the same things.” 

 

“There’s a watch too? What don’t you guys have?” 

 

“Haha, well yeah -- we thought of how people don’t 

always want to be carrying their phone around with 

them all the time, and so as a result we made a 
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watch. We’re also in the business of making 

laptops as well as speakers.” 

 

“Wow, and everyone uses all your guys’ 

technology?”  

 

“We’d like to think so. A lot of people like us 

because of how easy it is to communicate with their 

friends and family through video chatting, which 

we’ve called FaceTime. This allows you to easily 

call your mom or dad and see their face, compared 

to a traditional phone call. You can then pick up on 

any one of your Apple devices!” 

“Wow that’s really cool -- thanks for telling me all 

about it! One big question though -- is there 

Fortnite?” 

 

“Yeah -- my kids love playing it on their phone!” 

 

Darren left the conversation with Joe feeling 

inspired, he thought about what this all meant. 

Fortnite! On a phone! The thought of that  blew his 

mind. He thought he needed to buy an expensive 

video game console just to play, but all this 
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processing power could already be on his phone. 

Why hadn’t his parents ever shown them the cool 

things you could do with their phones?  

 

When he got home later that evening, he asked his 

parents, “You guys have iPhones right?” 

 

His dad responded, “No, I have an Android, but 

your Mom has one.” 

 

Darren hurried off to find his mom, who was 

watching TV in the living room. 

 

“Hey Mom, did you know that you can play games 

on your phone AND it does all this cool stuff?”  

 

“What cool stuff did you learn about, honey?” 

 

“Well first of all -- you never told me that you could 

control the phone with your voice, and that it can 

track all your health statistics! We should get 

grandma one since she’s living alone in that house 

all the time.” 
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“That’s correct Darren, and ohhh, I don’t know. 

Grandma doesn’t really like technology, but I’ll tell 

her what you said.” 

 

From the corner of his eye, Darren saw his Lego 

collection. It indeed was a formidable sight, replete 

with figurines of all shapes and sizes. Some of 

them were a bit more complicated than others -- 

one of them had come with a circuit he could build 

so that it could move its arms. He lay in bed now, 

finally happy -- all of his concerns about not fitting 

in had finally melted away as he realized what he 

wanted to do. He was amazed at the world of 

technology, and wanted to become an engineer. 
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Chapter 8 

 

Darren was older now, and was finally 

wrapping up high school. He had excelled 

throughout most of his courses throughout, and he 

personally had really enjoyed all of his math and 

science classes. Throughout that time, he had also 

gained a larger interest in computers and the 

software that helped it run. He had gotten his own 

smartphone years before, and had been tinkering 

with it, ranging from developing his own phone 

applications, to loading on custom software on his 

cheaper test Android phone. 

 

He had learned a lot during this time, and it 

had definitely piqued his interest in learning more 

about how everything became so optimized. While 

making his applications in Android studio, he had 

realized how complex making these applications 

could get. He had been developing a similar 

application to Yelp, where it would find nearby 

activities depending on your group size that you 
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were with, as well as your interests. He was able to 

control everything, ranging from how users 

interacted with his notifications, to how memory 

was stored in his application, such as restaurant 

names, and pictures of food. 

 

He had done research by talking to his high 

school computer science teacher on how this 

worked, Ms. Jensen a few days ago. 

 

“So Ms. Jensen, I’ve been working on the 

class project, but wanted to ask you a little more 

about how this exactly worked. It still blows my 

mind that all these images, which are readily 

available throughout the internet, can be placed 

inside a phone. In the past, images were all 

physical, but it’s crazy how now all of these can be 

simply stored inside of our devices, and they’re all 

just pixels!” 

 

“Yes, Darren -- it is a fascination indeed. I 

can briefly explain how it works. Have you heard of 

something called a compression algorithm?” 
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“No, I haven’t.” 

 

“So, basically, you have this image that you 

want to capture right? What you see is basically like 

all different sorts of colors. For example, in this 

framed photograph on my desk right here of the 

mountains, you have all these colors -- green, blue, 

and a bit of purple. So basically, we can’t possibly 

store this into our phone right, is what you’re 

thinking, since it’s literally a physical item.” 

 

“Yes….” 

 

“But, with modern technology, we can! We 

can essentially compress these items to make them 

take up only very little memory, through something 

called a compression algorithm. What this will do is 

essentially it will reduce the amount of information 

that is necessary to store our image. In the 

computer world, what this means is storing 

everything efficiently as bits. Do you know what 

those are?” 

 

“Bits...as in bits and pieces?” 
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“Haha yep, exactly that.” 

 

“Yeah -- I’ve heard of like 8 bit 

videogames...is that something similar?” 

 

“Exactly! So in 8 bit games, what that is 

actually 8-bit color graphics, which stores image 

information so that each pixel is only represented 

by one 8-bit byte. To clarify more, a bit is 

essentially a 0 or 1, so 8 bits means 8 digits that 

are either 0 or 1, and there are 256 possible 

combinations of these numbers. So to relate to 

images, how this works is that this photograph right 

here will essentially be stored as these bits I 

described, and since technology has gotten so 

good, we actually have more bits that can store 

these images now, which is why now our images 

look so good compared to those 8 bit images in the 

past.” 

 

“Ahh, okay that makes perfect sense! So for 

my project where I’m getting images of like food 
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and restaurants, you mentioned something about a 

cloud server?” 

 

“Yes -- so you can just imagine that a cloud 

server is just a really big computer that has a lot of 

storage space where it will just store everything for 

you, instead of you needing to do it on your phone.” 

 

“Ohh, got it so this way each person using 

my application will not actually need to have all 

their files on their phone, since the cloud server can 

just distribute it out.” 

 

“Exactly -- and I guess another word on the 

images, they’re actually now stored in universal file 

formats, so that every one of your users can also 

use it, which is typically either a PNG or Portable 

Network Graphics file, or JPEG, which stands for 

Joint Photographic Experts Group.” 

 

“Why did we choose these exact file 

formats? Is it like the best one or something? 
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“Something of the sort. Since we’re 

compressing these files, you can imagine that we 

might experience some drop in quality, since we 

can’t store all this directly. These just turned out to 

be the best types of compression because of 

something called entropy. Do you know what that 

is?” 

 

“Entropy? Not really.” 

 

“So basically entropy describes kind of the 

uncertainty in a variable. Here’s an example that 

might be pretty real for you. When you’re in class 

do you pay 100% attention to me?” 

 

“Of course I do Ms. Jensen!” 

 

“Come on Darren, I see you sometimes 

talking with your friends in the back.” 

 

Abashed, Darren replied, “I guess you’re 

right…” 
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“So essentially, it’s pretty similar -- all my 

information doesn’t necessarily get through to you, 

and some is dropped. In terms of compression, you 

can imagine that this is because it’s in its name. 

We’re compressing something, so naturally we’re 

going to drop some information, and this is because 

of entropy, which limits the best possible 

compression we can get. It just turns out that JPEG 

and PNG were one of the best possible ways to 

compress. Does that make sense?” 

 

“Ohh, okay that makes a lot of sense!” 

 

“Any other questions?” 

 

“Nope, I think I’m good!” 

 

Since that conversation, Darren felt that he 

had become more knowledgeable, and it only 

inspired him more. Looking at his code now, he 

thought back to the conversation. Information 

theory really did matter a lot -- it basically dictated 

the quality of how images were stored, and the 

quality of what his users would ultimately see. The 
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obvious thought came to his head. Was this really 

the limit to how good images were? What about 

4K? What about 1080p, how did those images 

become compressed, and what about 

decompressing. The thoughts of all these questions 

swirled around in his head, but it only intrigued him 

more. He finally glanced up from the screen he had 

been looking at all day, and out of the corner of his 

eye, he saw this Lego collection, now 

overshadowed by his academic and sporting 

accolades he had accrued since then. He cracked 

a brief smile, and remembered the whole reason of 

how he got interested in this. 
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Chapter 9 

 

Darren moved his hand over the smooth 

oak table, which seemed to give to his every 

movement.  

 

“...And, this will be your desk right here. 

We’re still getting your nameplate set up, but let me 

show you around the rest of the office and meet the 

rest of your colleagues!” 

 

It was Darren’s first day on the job, where 

he had signed a full time offer after graduating 

college. It was at Apple, and he thought fondly of 

the days when he spoke with Joe. They had stayed 

in touch over the years after that fateful day, and he 

had given some meaningful advice over the years 

-- how to excel in software techniques, the ins and 

outs of the hardware product process, and had 

even helped him with personal problems such as 

relationship woes. He had become a mentor, yet 

also family like. For Darren to be walking in the 
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same building where Joe had walked, he became 

oddly sentimental, and a wave of nostalgia and 

achievement rushed over him.  

 

He had been hired as a machine learning 

engineer, where he would be tasked in creating 

programs to simulate human intelligence in 

computers. He thought about all of the lessons he 

had learned in college, and how they would apply 

here to help him out.  

 

One big lesson was how information theory 

applied to his current job. He remembered the 

lessons that Ms. Jensen had given him regarding 

entropy in the information world, and how that had 

been built upon more in some of his classes in 

college. One big thing that he learned about was 

probability distributions and their differences. A 

probability distribution is essentially a graph of the 

probability of outcomes for an event. The best 

example he remembered was something called a 

binomial distribution, which is whether something is 

essentially heads or tails, such as when you flip a 

coin. You can expect that most of the time, say you 
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flip a coin 100 times, that you would get half tails, 

and half heads. However, if we repeat this 

experiment many, many times, sometimes you may 

get 60 heads and only 40 tails, although this is not 

very common. If we plot all these trial runs out, we 

would get a binomial distribution.  The most 

important thing his math teacher, Mr Ermon, taught 

him, was something called the Kullback Leibler 

Divergence, which was essentially the difference 

between the two probability distributions.  

 

While he understood that how two coins 

could have different probability distributions 

(perhaps one of them was a fake coin and tended 

to land on heads more often), he didn’t fully 

understand the purpose of measuring how and why 

they were different until a conversation he had in 

college. 

 

 

“How does this divergence term even come 

into play? Why is the difference between these two 

coins even meaningful, Mr Ermon?” 
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“Well Darren, now instead of coins, imagine 

that these are two people, who act in very different 

ways. You can imagine that the distribution is 

actually my likelihood of me performing a certain 

action. Now, let’s say me being your teacher, I tell 

each of these two people to perform a certain 

action. If I know the difference between their two 

probabilities, I can inherently determine which 

person is more likely to perform a certain action, or 

who is more “surprised” by my suggestion. So, I 

ask a question, and who is more likely to raise their 

hand? I can now determine this.” 

 

“Got it. And this relates to machine learning 

because now instead of people, there are machines 

making decisions?”  

 

“Close, but not quite. Remember that if we 

compared machines to machines, then we can’t 

really justify what the machine will do. Instead, if we 

compare a machine to a human, it’s much more 

reasonable.” 
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“Ohh, so the Kullback Leibler Divergence is 

the difference between the probabilities of 

machines vs humans?” 

 

“Yep, that’s the general idea!” 

 

Having this background knowledge had 

provided Darren with everything he needed to help 

change the world at a big tech company. He 

realized that as he met with all the other engineers 

on his team, that everyone had the same 

revelations, and a similar mission -- to use their 

talents in the best way possible to leave a lasting 

impact on the world. With that final mantra echoing 

through his mind, he gladly texted Joe, notifying 

him that he finally began his first day at work, and 

was looking for to the many years to come. 

. 

  

77 



Meet the Authors 

Liz 

 

 

Liz was born and raised in Pittsburgh, PA. 
She always had a strong interest in math and 
science, so she majored in Electrical Engineering at 
the United States Naval Academy in Annapolis, MD 
for college. Afterwards, she became a helicopter 
pilot in the U.S. Navy. She is currently earning her 
Master’s degree in Electrical Engineering at 
Stanford University and will return to flying 
helicopters after graduation.  

78 



 

Kevin 

 

 

Kevin’s roots are in Los Angeles, where he 
was proudly borned and also raised playing tennis 
and basketball competitively throughout his 
childhood. He was introduced to the field of 
medicine during his time in the hospital while 
battling a significant illness, which led him to pursue 
a major in Computer Science and Biology at 
Stanford University. After graduating, Kevin is 
matriculating into medical school in the fall.  

 

79 



Jonathan 

 

Jonathan was born and raised in Los 
Angeles, California, where he attended Whitney 
High School and completed his BS/MS in Electrical 
Engineering at Stanford. Since being a young child, 
he has been fascinated by writing short stories and 
also in engineering. He has loved the sciences, and 
his favorite interests are in health, space, and math. 
In his free time, you can find him playing basketball, 
swimming, or cooking. 
 

80 


