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 “Quarks and strings and other strange things” are what Milo said girls are 

made of. He thinks he is sooo clever. But he is so totally not. He is sooo stuck 

up. I don’t think he’s handsome at all. I don’t like the way he sticks his hair 

up in the front like he’s in a boy band. I don’t like the way he sticks out his 

chin. I don’t like the way he thinks he knows everything, and I don’t like the 

way he says “awesome” all the time, period. But I must admit, his trip through 

the body was way cool.  Check out the Milo page. 

 My sister Neddy and my cousins Milo and VC had entered the 

Science and The Future Contest with me.  Our team was called the Cosmic 

Kids. The contest was about the Stardust Mystery.  We had to figure out what 

Stardust was, when and how it was created and how it was shared among 

people and animals. I kept checking the contest leaderboard. Our friends 

Jackson and Johari were still leading, and the Cosmic Kids were still last.  

I decided to start my research by looking at atoms to see if they could 

be the stardust. I would get help from Mrs. Ortiz, the town librarian. 

She pointed me to lots of good resource materials. I learned that everything, like you, me, 

the dog, our house, and the whole planet Earth is made up of tiny little building blocks called atoms. 

There are a bunch of different kinds of atoms. It was sort of like building everything out of plastic 

building blocks, like zillions of blocks of different shapes, sizes, and colors. I learned that the idea of 

atoms was proposed by a philosopher named Democritus a long, long time ago in ancient Greece.  

I went to see the Democritus Expert Avatar in the Cosmic Egg. His office was made of 

sandstone and was full of scrolls instead of books. He told me that atoms were everywhere. But he 

didn’t know certain details yet, like our bodies are mostly made of four different kinds of atoms: 

carbon, hydrogen, oxygen, and nitrogen, CHON for short. We also have calcium and phosphorus for 

our bones, iron for our blood, and a bunch of other atoms in small amounts.  

 I needed to find out more about atoms.  

• Could they be the stardust?  

• What are atoms?  

• How small are they?  

• How many of them are there in our bodies?  

• How do they get into our body?  

 The contest riddle said our stardust was previously in Albert Einstein and the last T-Rex. If 

atoms are the stardust, were my atoms once in Albert Einstein’s body and in a T-Rex? 

https://thestardustmystery.com/milo/
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Mrs. Ortiz gave me a book with lots of diagrams of atoms. I decided to show the team a 

carbon atom at our next meeting, since there are lots of those atoms in our bodies. I found out that 

the carbon atom has six tiny particles called electrons, racing in circular paths, called orbits. They 

are like the paths that planets make around the sun and our moon makes around the Earth—those 

are also called orbits. Electrons orbit around a 

bunch of bigger particles called protons and 

neutrons. The protons and neutrons are stuck 

together in a group at the center called the 

nucleus. The protons and neutrons are made of 

smaller particles, called quarks, stuck together 

by something called gluons. That’s pretty 

funny, gluons—like glue.  

Different kinds of atoms have different 

numbers of protons and electrons.  

When I showed the diagram of the 

carbon atom to everyone, I told them a story: 

“Atoms have electrons racing in circles around 

the nucleus,” I said. “An atom is like a family. The mom and dad, and maybe grandparents, uncles, 

and aunts are the nucleus or center of 

the family. They are like the protons 

and neutrons. The kids are like the 

electrons. They are smaller, they need 

to stay near the mom—or the 

nucleus.”  

“Or the dad is the nucleus,” 

Milo pointed out. His mom didn’t live 

too close, and he didn’t see her very 

often. So, I knew what he meant. 

“Yes, the nucleus is like the 

mom, or dad, or guardian of the 

electrons who are always in motion, 

running around them in circles.” 

“Different kinds of atoms would 

be like different size families,” I added. 

“Some families are small with a single 

dad and one kid, like Milo’s. Some 

families are big with a mom and dad, aunts and uncles, grandparents, and lots of kids. Does that 

make things clear?” 
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Then I explained that the atom-family—depending on its size—made it a specific element, 

like on that big chart called the periodic table of elements. So how many “kids” in the “family,” told 

you exactly which element you were talking about. 

Hydrogen was like Milo’s family. A dad and a kid. 

Our family was like helium if Neddy and I had a nucleus made up of a mom, dad, and 

grandma and grandpa—which we basically did. 

“Yeah, and uranium with ninety-two protons and electrons,” added Neddy, showing off 

some of her science knowledge, “would be a really, really large family.”  

 I wondered if I could see atoms under a microscope. I wanted to show the team an actual 

picture of an atom, like Milo did with the onion cells. So, I took a deep breath and asked Milo to 

show me how to use Grandpa’s microscope.  

 Of course, he had to go, “Duh, no Dizzy, that is a really dumb idea. They’re way too small.”  

“Whatever!” I said. But I felt like there must be some 

way to see them. I went back to the library and found actual 

pictures of carbon atoms. They were taken with a very 

complicated device called an electron microscope. The size of 

the carbon atoms was so small that they only showed up as 

fuzzy dots. They were so small, that a billion times a billion 

atoms of that size could fit inside the 0,75-millimeter long piece 

of hair that Milo had looked at under Grandpa’s microscope.  

 How can I explain the huge number of atoms to the 

team? I kept wondering. 

Then I got this cool idea and started typing a line of letters on my computer. 

abcdefghijklmnopqrstuvwxyzabcdefghijklmnopqrstuvwxyzabcdefghijklmnopqrst 

I got 84 letters on one 

line. How many will I get if I 

type letters on a whole page? I 

got 48 lines of random letters 

and 48 times 84 equals 4,032 

letters. So more than 4,000 

letters on one page! 

Then I calculated what 

kind of book would have one 

million letters. Turns out I 

would need a 248-page book, 

each page filled with letters 

and no spaces between the letters. I definitely wouldn’t want to read that book.  
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If I had 10,000 books, which is about the number of books in the average public library, that 

would be 10 billion letters. 

If we had 120,000 libraries, which is all the public libraries in the United States, we would 

have 1.2 million billion letters in all the books in all the libraries in the United States.  

But there are tons of books that are not in libraries and lots of libraries that are not in the 

United States. So, if we counted all the letters on every page in all the books on Earth, we’d have 

something like 400 million billion letters. That is still two and a half times smaller than the billion 

billion atoms in the small piece of hair. All these numbers were making me dizzy—as Milo lovingly 

called me. So, I decided to invent my own number because a million or billion is not big enough 

for counting atoms. I decided to call the number a LIZZY. One LIZZY was equal to the number of 

letters on every page in all the books, in all the world. 

 So: 1 LIZZY = 400 million billion = 400,000,000,000,000,000. 

 Imagine that. The number of atoms in one small piece of hair is still two and a half times 

larger than the number of letters, on every page in all the books, in all the world! After I explained 

all of this to the Cosmic Kids, we knew we had to get Grandpa to help us understand all these big 

numbers.  So, Grandpa put together a chart of big numbers. 

We figured out that if there are that 

many atoms in a little piece of hair, 

the number in a whole body was 

going to be enormous. I had an 

idea how to figure out how many 

little pieces of hair we would need 

to combine to make something as 

big as a body. I could do the shrinky 

thing in the Cosmic Egg, so that my 

height was the same as that 0.75-

millimeter-long piece of hair. From 

the percent shrinkage value I would 

know how many shrunken little 

Lizzys it would take to make a full-

size Lizzy. Everyone, including 

Grandpa watched as I logged on 

and dressed my avatar in a martial arts outfit, since that was what I happened to be wearing. I 

entered the Cosmic Egg and typed in the present time and location. I decided to use a dog’s hair. 

We had brought our dog Coco with us, and he was sitting next to me. Milo suggested that I shrink 

by 2,000 times, or 0.05 percent. 

That looked promising. I was in a black forest. The dog’s black hair strands looked like giant 

snaking trees. The tree trunks were the same size as my waist, and I was about as tall as the 0.75-
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millimeter-long piece of hair that had the billion billion atoms. So, shrinking by 2,000 was just right. 

I had my answer.  

 I was ready to log off when I 

thought a heard a person’s 

voice say, “Watch out!” I 

turned, looked around, but 

didn’t see anything. Then I 

heard heavy footsteps behind 

me and this crunching sound, 

kind of like teeth grinding. A 

huge Godzilla-like thingy 

came toward me. Suddenly 

being small felt like a terrible 

idea. I was so out of there. I 

quickly logged off the Cosmic 

Egg.  

That is a definite 

advantage of a virtual world 

compared to an  actual world. 

  “Hey, Mom,” I asked. 

“Does Coco have fleas?”  

  She told me she didn’t 

think so. Of course, the Cosmic 

Egg wasn’t actually looking at Coco’s hair. It was a program based on a dog’s hair. So, there was 

something about the program that had put fleas on the virtual dog! It made me wonder . . . but 

meanwhile, I had work to do. 

. . . . . . 
I now knew how to figure out the number of atoms in my body. I had to shrink by 2,000 times to 

be the same size as the small piece of hair in Milo’s microscope photograph. So how many of these 

little Lizzys would I need to make one full-size Lizzy? If I think of full-size Lizzy as a box, I will need 

to pack 2,000 little Lizzys from the front to the back of the box, and 2,000 from side to side for one 

layer. And then I would need 2,000 of those Lizzy layers. So, the total of little Lizzys in the Lizzy-box 

would be 2,000 times 2,000 times 2,000, which is equal to 8 billion.  

 With that, I figured out that 8 billion times the number of atoms in the small piece of hair 

would give me the answer. 

 So, the number of atoms in my body is 8 billion times 2.5 times 400 million billion or 8 

billion billion billion atoms.  That is 8 followed by 27 zeros. 

 8,000,000,000,000,000,000,000,000,000. 
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. . . . . . 
Grandpa made us grilled cheese sandwiches, carrots, and hummus for lunch.  After that, it was time 

for the presentation of my research. I said, “Democritus proposed the idea that everything is made 

of small building blocks called atoms. And our body is made up mostly of four kinds of atoms, 

carbon, hydrogen, oxygen, and nitrogen.” 

 Then I explained how I came to 8 billion billion billion for the number of atoms in my body 

and compared the number to the number of letters in books.   

 “Wow, that’s a lot of atoms,” exclaimed VC. “All the letters on every page in all the books, in 

all the libraries in the world times 20 billion. And they are all in just one body.”  

I composed a poem like Milo had done to explain about the atoms in our bodies. I read it: 
 

ATOMS 

Atoms are nature’s building blocks. 

Used to build me, and even my socks, 

and houses and cars and toys in a box, 

and stars and planets and mountains and rocks, 

are all made of atoms of different kinds, 

in different arrangements that chemistry binds. 

Protons and neutrons in the center sit, 

with tiny electrons in surrounding or-bit. 

Our bodies have plenty of oxygen, 

plus, hydrogen, carbon, and nitrogen. 

And the number of atoms in one small hair 

is a number that’s so large, to be fair, 

that to think of it was making me dizzy, 

so, I invented a new number I call the LIZZY. 

It’s the number of letters in all books on Earth. 

One hair has two and a half LIZZYs’ worth. 
 

My teammates clapped politely. 

“Hey guys,” said Milo, “Johari and I made a video that has another way to understand the 

huge number of atoms in our bodies.  It is called: How Many Atoms Do I Have?  We imagined that 

our atoms were sand grains and figured out how much sand we would need for the number of 

grains to be equal to the number of atoms in our bodies. 

In the video, I asked Johari - when I really knew the answer, - “If I had a dump truck full of 

sand, would that be enough sand grains to equal the number of atoms in my body?” 
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“No way,” she says.  “A dump truck would have like 25 billion sand grains.  You would need 

ABOUT 100 million dump trucks full of sand to equal just the number of atoms in one of your 

eyebrow hairs.” 

So I say, “that sounds crazy.” 

 And she says, “it’s true.  The number of grains of sand that is equal to the number of atoms 

in one eyebrow hair would be enough to cover all of the state of Rhode Island in a sand beach 1 

meter deep.” 

“You think that is crazy? she asks. “Well, the number of sand grains that is equal to all the 

atoms in your body would be enough to cover the whole surface of planet Earth in a beach 20 

kilometers deep.  And that is because atoms are 6 million times smaller than sand grains.” 

I showed them the video, and that ended the meeting.
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GRANDPA’S GLOSSARY 
Atoms: Every solid, liquid, or gas in our world is made of atoms. Most things like water, people, trees, 

houses, or cars are made of combinations of different kinds of atoms. But some substances, like silver 

or gold or oxygen or carbon, are made of only one kind of atom. These are called chemical elements. 

The atom is the smallest unit that defines the chemical elements. Anything made of atoms has mass, 

meaning that a force is necessary to make it go faster or slower. Atoms are very small. A single strand 

of human hair is about 1 million carbon atoms wide. Atoms can be attached to one another in small 

units called molecules, in large crystals like diamond and salt, in mixtures of crystals, or in random 

arrangements in solids or liquids. You can see some of these arrangements in the animated Science 

Videos on the STARDUST MYSTERY YouTube channel.  Milo, Lizzy, VC, Johari, and Neddy have 

starring roles in those videos. 

 You can build atoms in the Building the Universe game available on Store.SteamPowered.com 

or at https://TheStardustMystery.com 

 Some things in our world are not made of atoms. The most common is light, which consists 

of tiny particles called photons. Photons have no mass and always move at the speed of light which 

is about 300,000 kilometers per second. Some things are parts of atoms like a beam of electrons in 

an electron microscope or an old television tube. And then there is dark energy and dark matter that 

we think is out there in the universe but are not made of atoms. We are pretty sure dark energy and 

dark matter are both there, but we don’t yet know what they’re made of. 

 

Orbits: The paths followed by electrons around the nucleus in an atom, planets around the sun, or 

the moon around the Earth are called orbits. The objects that are trapped in orbits stay there because 

of the forces of attraction between the object in orbit and the object it travels around. In the case of 

atoms, the force is the electrical attraction between the electrons and the protons in nucleus. In the 

other examples given, it is the force of gravity. The exact path is controlled by how the force depends 

on the distance between the objects. 

Both the electrical force and the gravitational force get smaller as the distance between the 

objects gets bigger.  If r is the distance between the objects, then the magnitude of the force is 

proportional to 1/r2. Diagrams of the solar system often show the orbits as circles for simplicity, but 

in general the orbits are elliptical. 

 

Protons, Electrons, and Neutrons: All atoms are made of the same three particles: electrons, protons, 

and neutrons. Electrons are tiny particles that have very little mass and a negative electrical charge. 

Protons have almost 2,000 times the mass of an electron and are positively charged. Neutrons have 

almost the same mass as the proton but have no charge. In an atom, the protons and neutrons are 

https://www.youtube.com/playlist?list=PLlviXsDAYXu1cM4MRmMEfIQe9GFAL6ifW
https://thestardustmystery.com/


 

9 
 

tightly bound together in the nucleus, attracted by the nuclear force. The electrons circle around the 

nucleus and are bound to it because of the electrical force of attraction between the positive and 

negative charge of the particles. Different kinds of atoms have different numbers of electrons, 

protons and neutrons. Hydrogen, the lightest element, has only one electron and one proton. The 

heaviest elements like uranium have almost 100 electrons, 100 protons and a similar number of 

neutrons. 

 You can build protons and neutrons from their component quarks in the Building the Universe 

game available on Store.SteamPowered.com or at https://TheStardustMystery.com 

 

Nucleus: At the center of every atom is the nucleus, which has almost all of the atom’s mass. The 

nucleus is made up of positively charged protons and uncharged neutrons. The protons and 

neutrons are held together by the strong nuclear force. Electrons orbit the nucleus like the Earth 

orbits the sun, but the orbits are not exactly the same., Electron orbits are fuzzy clouds described by 

quantum mechanics. The size of the nucleus for hydrogen with one proton is almost 1 trillion times 

smaller than the onion cells that Milo showed in his book excerpt. The nucleus of uranium with 92 

protons and between 143 and 146 neutrons is 10 times bigger than the nucleus of hydrogen. The 

size of a helium atom is about 100,000 times bigger than the nucleus. 

 

Gluons: Gluons are particles that are part of the Standard Model of elementary particles. Like photons 

that travel back and forth between two charged particles to create the electromagnetic force, gluons 

do the analogous thing between quarks to create the strong force that “glues” the quarks together. 

Different quarks are glued in groups of three to form protons and neutrons. 

 

Electron Microscope: For over 100 years scientists believed that there was a limit to the size of an 

object (how small it could be) to be seen with an optical microscope. That was because light was in 

little bundles called photons, whose size was the wavelength of the light. If you bounced light off an 

object that was large compared to the photon, you could see its detail, but if the object was smaller 

than the photon, you couldn’t see detail.  

 Imagine that you are throwing tennis balls at a wall with a door. When you hit the wall or the 

closed door, the ball bounces back. But if the door is open, the balls fly through and don’t come 

back. You get detail because the ball is smaller than the object. But if you used huge beach balls 

bigger than the door, the ball would always return, so little information could be learned. 

 This problem of the size of the light photon prompted the invention of the electron 

microscope. Instead of using photons, you bounce electrons off of the object. Because the electron 

is much smaller than the photon, you could see much smaller details.  

 But scientists are continuing to think of new ways of doing things. In 2014, the Nobel Prize in 

Chemistry was awarded to three scientists who invented new ways of doing optical microscopy. Their 

https://thestardustmystery.com/
https://thestardustmystery.com/milo/
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methods can get detail 100 times smaller than previously thought possible. For more information 

see: http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2014/press.html 

 

Chart of Big Numbers: All the huge numbers for how many atoms there are in the body, how many 

stars there are in the universe, and the distances to the furthest galaxies is confusing. So, here is a 

chart that compares the numbers in different ways, using names, zeros, special units like LIZZYs, 

light-years, and scientific notation. In scientific notation we give the number of zeros. For example, 1 

million (1,000,000) would be written 1 x 106 or 1E+6 to show it has six zeros. That saves a lot of space 

when you are writing numbers in the trillion trillion trillions. 

 

 

The Big 

Number 

Picture Number  LIZZYS 

or 

Light 

Years 

Scientific 

Notation  

Number of 

Atoms in a 

Piece of Hair 

 1,000,000,000,000,000,000 

1 followed by 18 zeros 

1 billion billion atoms 

2.5 LIZZY 

carbons 

 

1 x 1018  

carbons 

Number of 

Molecules in 

the Air in 

Average 

House 

 10,000,000,000,000,000,000,0

00,000,000 

1 followed by 28 zeros 

10 billion billion billion 

molecules 

 

25 billion 

LIZZY 

molecules 

 

1 x 1028  

molecules 

 

The Number 

of Atoms in a 

Adult Human 

Body  

8,000,000,000,000,000,000,00

0,000,000 

8 followed by 27 zeros 

8 billion billion billion atoms 

20 billion 

LIZZY 

atoms 

 

8 x 1027 

atoms 

The Number 

of Carbon 

Atoms 

Breathed in 60 

Years 

 284,000,000,000,000,000,000,

000,000,000 

284 followed by 27 zeros 

284 thousand trillion trillion 

carbons 

710 billion 

LIZZY 

carbons 

 

 

284 x 1027 

carbons 
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The Big 

Number 

Picture Number  LIZZYS 

or 

Light 

Years 

Scientific 

Notation  

The Number 

of Carbon 

Atoms in the 

Atmosphere 

and Plants 

 61,500,000,000,000,000,000,0

00,000,000, 000,000,000,000 

615 followed by 38 zeros 

61,500 trillion trillion trillion 

Carbons. 

0.154 trillion 

trillion 

LIZZY 

carbons 

 

615 x 1038 

carbons 

Number of 

Stars in the  

Milky Way 

 250,000,000,000 

25 followed by 10 zeros 

250 billion stars 

6.25 x 10-7 

LIZZY Stars 

25 x 1010 

stars 

Number of 

Stars in the  

Universe 

 100,000,000,000,000,000,000,

000 

1 followed by 23 zeros 

100 trillion billion stars 

1 million 

LIZZY 

stars 

 

1 x 1023 

stars 

The Distance 
across the 
Milky Way  

 950,000,000,000,000,000 

95 followed by 16 zeros 

950 million billion kilometers 

100,000 

Light-years 

 

95 x 1016 

kilometers 

The Distance 

from Earth to 

the Pinwheel 

Galaxy 

 240,000,000,000,000,000,000 

24 followed by 19 zeros 

240 billion billion kilometers 

25,000,000 

Light-years 

 

24 x 1019 

kilometers 

The Distance 

from Earth to 

the Most 

Distant 

Galaxies 

 124,000,000,000,000,000,000,

000 kilometers 

124 followed by 21 zeros 

124 billion trillion kilometers 

13 billion 

Light-years 

124 x 1021 

kilometers 
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