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I am writing to ask if you have a job 
available. I am the muse of Pie-Making 
and Painting, and I would simply love it 
if I could work for Kokopelli (wherever 
you are now). I can make any flavor of pie (except 
maybe mud) and I can paint practically anything.

The girl I live with (Bella) says to say goodbye to 
all you muses and congratulations to the new 
comic characters. I am not going to threaten you to 
put this in print because I am a peaceful muse (and 
I can’t throw pie straight).
—BRAGDALL, NORSE MUSE OF PIE-MAKING AND PAINTING / The Far North 

of Iowa, The USA, The Earth, The Solar System, The Milky Way, The Universe

P.S. I wish I lived in Valhalla, but I got kicked out 
for putting pepper in a pie instead of sugar. 

Góðan dag Bragdall! (As you know, that’s old Norse for “Good day!”) 
Thank you for your letter and painting. 
—THE EDITORS

Goodbye to All You Muses
LETTER 

of the 
MONTH
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We Interrupt  
This Program
I was watching Sherlock when 
I was interrupted by the Muse 
magazine in my hands. When 
I flipped the pages, it was more 
than a lemon chiffon to the face. 
It was a full-blow blueberry pie 
with vanilla ice cream on the 

side. I can’t believe the old 
muses are gone! It is like my 
heart was torn in two. 

The new muses aren’t bad, 
don’t get me wrong, but the old 
muses are irreplaceable. Like 
how I am conflicted about 
calling myself a Whovian, 
Sherlockian, or Wholockian, I 

can relate to this. I want to like 
both the old and the new, but 
routine had kept me chained to 
tradition. In the spirit of Rosh 
Hashanah, the Jewish New Year, I 
am willing to leave the old behind 
and make way for the new. So, 
before you throw this letter in the 
fan mail pit to rot, I would like to 
declare with my geek power: while 
I loved the old muses, and there is 
a pie-shaped hole in my heart, I 
am willing to embrace the new 
muses as well. Maybe the hole in 
my heart will be filled. Sorry, that 
is all my time; the TARDIS will be 
here any minute now. Farewell for 
now dear editors and new muses!
—DARYN A.K.A THE MYSTICAL 
MISFIT / age 13 / California

_________________

Soulful So Long
I was surprised to get the 
magazine this week and 
discover how different it was!  
I love the new comic with the hot 
pink bunnies in the background! 
But can’t I say goodbye to the 
muses? They are what made the 
magazine the funny and 
interesting!
—SOUL (A MUSE LOVER)

P.S. I also miss the random 
Dear Muse Reader.

Soul, if you loved Dear Muse 
Reader, maybe you’ll like Last 
Slice on page 48. 
—THE EDITORS
_________________

Anything But  
an Angry Face
If this letter does not get 
posted in the next magazine, I 
will send no threats. I will not send 
over any hot-pink bunnies, 
llamacorns, or wasps. I will not 
blow up every building in my 
Minecraft world, “Muse ROCKS!” I 
will send you a piece of paper with 
an angry face on it. 
—RACHEL / age 10 / Ohio
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One Dragon’s Opinion
Yup, that’s me, the grey 
dragon with the blue swirls, 
writing to you from an 
unknown forest in Springfield, 
Missouri! I just wanted to say, 
with all due respect, that . . . 
“Narhum restimal muse yurity 
smee bad,” which means, roughly 
translated from the special 
dialect us dragons speak, 
“missing old Muse really.” Our 
language gets a little sloppy 
sometimes grammar-wise. 

Not that the new and 
improved Muse is bad, it really 
isn’t. It’s just that we had such a 
rich heritage back then, before 
the update. Oh well. I’m sure we 
can pass on bits and pieces on 
to the new Muse. 

My dragon school is starting 
up again. On the first day of 
school, we go on a field trip to 
gather natural lead and clay 
from the woods. It’s really fun 
and I love the feeling of clay 
between my claws. We use the 
clay to make pots so we can 
store the lead. We use the lead to 
write with on bits of bark. 

I hope you won’t give my 
general location away to the 
government. We are an 
endangered species!!!! 
—THE GREY DRAGON WITH BLUE 
SWIRLS / Missouri

P.S. Maybe you should bring 
back the hot pink bunnies. I’m 
getting hungry for those little 
munchable pink crunchies! 

_________________

I Dreamed a Dream
The muses have in their 
banishment joined me, a 
Whovian Hufflepuff, and I am 
granting them refuge. They 
say if you do not take them 
back they will be very much 
disappointed and will never 
give you any more pies. Ever.

My name is, of course, a 
secret, but I may tell you some 
things: I am 13 years old. I 
love baking, music of any kind 
except jazz, and everything 
fangirl. If you don’t know what 
that term means, look it up. 
My favorite book is The Book 
Thief by Markus Zusak, and my 
favorite movie is Les Mis.

If you do not take them back, 
be warned. We Muse readers 
love the muses. We will rise up 
against you. We will rebel. Vive 
la revolution!
—A PATRIOTIC FRIEND
_________________

A Terrible Fate
I don’t really know Muse that 
well, since I just switched over 
from Odyssey. But I just wanted 

to say: MUSE IS AMAZING. So far. 
That I can tell. But you should 
really make an issue all about 
space and black holes and 
supernovae and nebulae and such. 
Did you know some scientists are 
starting to doubt that black holes 
are black holes, and they think that 
you become a hologram when you 
hit the black hole? I also 
looooooove coding and Doctor 
Who and Star Trek and Quantum 
Leap and scifi and you all should 
read Singing the Dogstar Blues by 
Alison Goodman because it is 
filled with time travel and scifi 
amazingness. 
—ABBY H. / WA, USA, Northern 

Hemisphere, Earth, Inner Solar System, 

the Solar System, the Milky Way, the 

Local Cluster, the Universe

P.S. If you can only fit one article 
in please please please make it 
about black holes.

P.P.S. Don’t let anyone get 
sucked into a black hole. That 
would be a terrible fate.

Abby, you may have already 
spotted the time travel stories in 
this issue. Have you found the info 
about black holes too? Don’t get 
too close, obviously.
—THE EDITORS
_________________

Thank Goodness for 
Spellcheck.
I’ve been an avid Muse reader 
since . . . (walks to bedroom, 
pages through Muse archive)  
. . . March 2006! Your magazine 
has consistently given me all 
kinds of interesting information 
to think about and share, and I 
thought I’d like to congratulate 
you all. I always look forward to 
finding the next Muse in the 
mailbox. My favorite article of all 
time was “The Art of Note 
Taking” from February 2012.

I’m now 18 and am going 
to the University of Cincinnati 
next year to study mechanical 
engineering, and I am indubitably 
the better off for having read your 
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can I be an assistant, part-time, 
or honorary muse?
—KATE S., (HOPEFULLY) 
HONORARY MUSE OF PIZZA, 
PISA, BRACES, PEACE SIGNS, 
AND JOURNALISM / age 10 

P.S. If this doesn’t get 
published, I am afraid I will have 
to give the HPBs the go ahead.

magazine. Your article on Winter 
the dolphin’s prosthetic tail is part 
of what inspired me to want to 
make prosthetics in the future. I’d 
never realized how cool it could 
be to make prosthetics until I read 
that. (Also, I never realized how 
hard it is to spell “prosthetic” until 
I wrote this.)

—BRIAN U. / age 18 years, 6 months, 

12 days, 21 hours, and about 40 

minutes / living in the cornfields of 

the Midwest

_________________

English as a Second 
Language
Hello. I’m the alpha-wolf here 
in my kingdom of Azamar, an 
ethotopia for wolves. I live in my 
palace with my mate and our 
9,421 pups. (I’m sooooo sorry 
about your carrier moose, but 
with 9,423 mouths to feed, I really 
had no choice.) Naturally, I have 
my own laws and language, but 
we have no currency. And, due to 
my laws, I can’t share my language 
with you. So sorry.
—PEYTON W. / pretty much 13 / 
alpha-wolf of Azamar

_________________

HBP HQ
I have an unreliable camel mail 
system. Anyway, as of two days 
ago, I was Skyping with my 
grandmother, when suddenly the 
computer went to a different 
person, and guess who was 
standing in front of me? A HOT 
PINK BUNNY!!!!!! Wearing a 
general’s uniform. He (or she—I 
can never tell) yelled something I 
didn’t understand and attempted 
to turn off the image. But what 
he/she never realized was that he/
she never did! They’ll be hitting 
the Muse magazine factory next. I 
suggest you put the place on 
lockdown! 

Now that I have that out of the 
way, it’s time for some calmer (but 
still nonsensical) talk. In other 
words, no more exclamation 
points. BTW, if I can’t be a muse, 
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“Not so cute and cuddly now, huh?”

What’s in a Name?
In September and October 2015, Muse debuted a new 
comic. All it needed was a name! Thanks to all of you 
who wrote in with suggestions. We enjoyed every one. 
Just a few examples are “Mnemonics,” “Muse Academy,” 
and “Future Geeks.” Ross S.G. from California suggested 
“Curious U.” It’s as though our readers were here at 
Muse HQ, brainstorming alongside us, and eating all 
the snacks. (Wait, did you actually eat all the snacks? 
They seem to be missing.) We absolutely loved 
“Parallel University,” suggested by Anthony N., 12, 
of Wisconsin. Thanks Anthony! Your idea inspired 
“Parallel U.” We like the name because it describes our 
characters’ everyday experience and winks at the idea of 
a multiverse. (Something, by the way, that cosmologists 
like Max Tegmark tell us is really possible.) We also like 
that the “U” is open to interpretation. Can’t wait to hear 
what you think too.
—THE EDITORS

 Kate S.

Something to say? 
Send letters to Muse Mail,  
70 E. Lake St., Suite 800,  

Chicago, IL 60601,  
or email them to  

muse@cricketmedia.com



Believe it or not, belching 
cows are helping to warm 
the planet. Now scientists 
are testing an ingredient 
that might help them 

(and us) with their gas problem.
Cows use four stomachs to digest 

their food. In the first stomach, 
called the rumen, microbes break 

down tough plant material. These 
microbes also produce gas, including 
methane, which the cows let out by 
burping. Besides being embarrassing 
for the cows, this is a problem 
because methane is a powerful 
greenhouse gas. Methane in the 
atmosphere traps the sun’s heat 
even more securely than carbon 

dioxide does, contributing to  
global warming.

When researchers added a new 
chemical to the food of some dairy 
cows, the cows burped about 30 
percent less methane gas. That could 
be good news for the environment—
but bad news for jokester cows that 
like to burp the alphabet.

text ©
 2015 by Elizabeth Preston

BURPOLOGY

Winning the Battle  
with Gassy Cattle

One of  
these stories is 

false. Can you spot 
which one? The 

answer is hidden 
in this issue. 
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ANIMAL BEHAVIOR

Something to Crow About
Researchers in Japan discovered that in a 
group of four roosters, the top-ranking 
rooster will crow first at dawn, followed by 
the other roosters in order of rank.

ASTRONOMY

WE HEART PLUTO
Nine years after leaving Earth, a spacecraft called New 

Horizons finally whizzed past Pluto in July 2015. Up 
until then, our best pictures of Pluto had been blurry 
blobs. But now we’ve seen the dwarf planet up 
close—and found some giant surprises.

On Pluto’s surface, mountains made of ice 
measure 11,000 feet (3,500 meters) high. Scientists 
had expected Pluto to look like dead rock, covered in 
craters like our own moon. Instead, Pluto’s dramatic 

landscape tells us that it’s geologically active—in 
other words, its surface moves around like Earth’s. 

Scientists don’t yet know how icy Pluto can be so lively. 
On Pluto’s closest moon, Charon, they spotted cliffs and 

canyons that also suggest an active world. 
Another surprise is a big, pale area on Pluto shaped 

exactly like a heart. We love you too, little dwarf planet!

BOTANY

A Plant That 
Sings for Its 
Supper
Crickets beware! 
Scientists have 
discovered a new 
species of carnivorous 
plant in the rain forest 
of Peru—and it’s 
hungry for you.

The outer leaves of 
Stycci bugiterus are 
ridged. During the day, 
these leaves stay tightly 
curled. But in the 
evening they slowly 
unfurl. As they do, their 
ridges rub against each 
other to make a 
chirping sound eerily 
similar to a cricket’s. 
The sound lures 
crickets that are 
looking for mates. And 
if a cricket hops onto 
the center of the plant, 
it will find its feet stuck 
on the inner leaves, 
which are coated in a 
powerful glue-like 
substance. 

The plant slowly 
digests the unfortunate 
cricket where it stands. 
Afterward, only one of 
them is left chirping.

IN AUGUST 2015, astronauts on the 
International Space Station were excited 
to taste a few bites of fresh lettuce—and 
not just because they’re salad fans. The 
romaine lettuce was the first food ever 
grown and eaten in space. 

The NASA astronauts grew their crop 
using a technology called Veggie that’s 
designed for gardening without gravity. 
The plants grow out of pillows instead of 
pots and live under special purplish 
lights. The first crop went straight back to 
Earth for testing. Once scientists decided 

the space lettuce was safe to eat, they 
gave astronauts the go-ahead to grow 
another batch for eating. When that 
lettuce was ready, three astronauts 
clipped some leaves and munched them 
with oil and vinegar. 

NASA wants to learn how to garden in 
space so that astronauts can grow their 
own food on future long-distance 
journeys. Gardening could also be a fun 
hobby for astronauts on tedious 
missions. The next crop on the space 
station will include flowers too. 

SPACE TRAVEL

Salad in Space
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Watch Where  
You’re Texting
USING YOUR favorite technology while you 
walk might not trip you up—but it will 
certainly slow you down.

Researchers in England asked people to 
walk through an obstacle course while 
sending and receiving text messages on 
their smartphones. The obstacle course was 
supposed to represent a busy sidewalk. 
There were stairs to climb, a curb to step 
over, and fake pedestrians to dodge. People 
walked more cautiously while they were 
texting: they took shorter steps, navigated 
the stairs more slowly, and lifted their feet 
higher over obstacles. Overall, they went 
about 25 percent slower while texting. So if 
you’re in a hurry to get somewhere, maybe 
you shouldn’t hurry to send that message.

TECH DESK
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by Meg Thacher 
illustrated by Brad Walker
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ABOUT  

RELATIVITY

CONVERSATIONS 
AND A FEW MINI 
LECTURES ABOUT  
A FAMOUS THEORY
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Meg Thacher teaches astronomy, physics, and writing 
at Smith College in Massachusetts. She would like to 
move to Jupiter so that she’ll live (slightly) longer.



Cosmologist

Max Tegmark is a cosmologist 
at the Massachusetts Institute 
of Technology (MIT) and 
author of the book Our 
Mathematical Universe. He 
argues that our universe is 

just one bubble in a sea of parallel universes, 
known as the “multiverse.” He is also a big 
fan of Einstein’s work. 

When did you first understand 
Einstein’s theories about 

space and time?
My dad told me fun stuff about 
relativity when I was a kid. Then I 

had a course in college on special relativity 
[a theory Einstein published in 1905]. But 
I only really understood it when I took a 
graduate course at Berkeley.  
 

MAX 
TEGMARK

by Kathryn Hulick
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What’s the most common 
argument against parallel 

universes?
People think they are too weird, and 
reality shouldn’t be weird. I say to 

them, “Our job as scientists isn’t to tell the 
universe how to be! We have to find out 
how it is.” We’ve seen again and again that 
reality is much weirder than we thought. 
I mean, Einstein discovered that if you go 
really fast, time slows down. That’s pretty 
weird, don’t you think? But it was totally 
correct. 
________________

What would you say to 
Einstein if you could sit and 

have a cup of tea with him?
First of all, I would say thank 
you for ushering in this amazing 

scientific adventure we’re on now. No one 
else has done as much for science. Also, I 
would want to tell him how his theories 
have succeeded beyond his wildest 
dreams. We’ve actually found the black 
holes predicted by his theory of general 
relativity. He might be a little frustrated, 
though. We still haven’t succeeded in 
his last goal of the unified theory of 
everything. We’re still stuck trying to unify 
gravity and quantum mechanics. But I 
would love to see what he thinks of our 
progress so far.

Kathryn Hulick lives in Massachusetts. She would 
ask Einstein what inspired him and what big 
questions he hopes kids today are thinking about.

What was that moment like?
I was like, oh my goodness! I’m 
actually able to understand this! I 

wasn’t expecting that. I’d always kind of 
assumed that this was something I would 
never understand.  
________________

What is so cool about general 
relativity?
General relativity makes reality more 
fun. It transforms space from this 

boring, static place that Euclid envisioned to 
this dynamic entity that can stretch, curve into 
black holes, or ripple with gravitational waves. 
General relativity makes space come alive.
________________

When space comes alive, 
parallel universes sprout  

up, right?
Yes. If space can be stretched and 
curved in interesting ways, then in 

a single space-time, you can fit an infinite 
number of Level I multiverses. [See page 
16.] That’s the power of general relativity. 
It sounds pretty crazy that you could even 
put one infinite space into a finite volume. 
But you can. You know the end of the Men 
in Black sequel? They discover that their 
whole universe is inside of a locker in an 
alien version of Grand Central Station. 
Einstein’s general relativity says that that’s 
actually possible.
________________

How do you define one 
universe?
In astronomy, our universe is the 
spherical region of space from which 

light has had time to reach us during the 14 
billion years since the Big Bang. Our universe is 
everything we could see with the best possible 
telescopes that could ever be built. Then the 
question remains: Is that all there is? Is there a 
sign saying “Warning! Space ends here. Mind 
the gap!”?
________________

Probably not. So how many 
universes might be out there? 

Millions? Billions?
Probably infinitely many. We all 
wondered as kids, “Does space 

go on forever?” And it sounds like a very 
innocent question, but it has all these wild 
implications, like parallel universes. 

Cosmologists like Max Tegmark 
study the structure of the universe.
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A Guide to the  
MULTIVERSE

The multiverse includes all possible 
outcomes for reality. That means there 
are infinite copies of you, all of whom 
have made slightly different decisions 
in their lives, alongside infinite 
universes where you don’t exist at all. 
You’ll never meet your copies, though, 
because they’re either way too far away, 
or in a different branch of reality. Here’s 
how Max Tegmark explains four “levels” 
of parallel universes.

Level I:  
Infinite Galaxies, Earths,  
and Copies of You
If space is infinite and uniform, then there 
must be other realms very, very far away, 
beyond the point from where light has 
had time to reach us, where all possible 
outcomes of galaxies, stars, and life exist. 
But the laws of physics are the same in all 
of these worlds.

Level II: 
Infinite Big Bangs
Here, bubbles of separate Level I parallel 
universes each started from a different 
Big Bang, and are rapidly expanding apart 
from each other. In these worlds, the basic 
elements and laws of physics as we know 
them may not exist or may behave very 
differently.

Level III 
Infinite Dimensions All at Once
The laws of quantum mechanics predict that 
particles can be in two different states at 
the same time. This implies that when you 
make a snap decision to ride your bike, at the 
same time in a parallel Level III universe, you 
decided to walk: both outcomes exist at the 
same time.

Level IV 
Infinite Mathematical Structures
This super-multiverse allows for all possible 
mathematical structures of reality. In these 
ultimately strange worlds, laws of physics 
we can barely begin to imagine become 
possible.

by Kathryn Hulick

Muse News False story: 
A Plant that Sings  

for Its Supper
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”Transversion” 
by Irene Rice 
Pereira

RELATIVITY:  

Painting the Picture

AT THE 

INTERSECTION 

OF ART AND 

PHYSICS 

E ver since we learned about 
Einstein’s theory of general 
relativity, the world seems 
stranger, more unfamiliar. 
You might see two events 

happen in one order, while to someone 
else they occur in the reverse order, 
and you’re both right. Your clock 
might run faster than someone else’s, 
even though they’re both accurate. 
Objects can change size, shape, and 
even color as they move much faster 
or slower. What does it mean to live 
in this puzzling relativistic universe? 
Over the past hundred years, artists 
have painted and constructed many 
answers to this question.

by Alice Andre-Clark



SPACE, TIME, AND CHEESE
In 1931, Salvador Dali painted one 
of his most famous works—“The 
Persistence of Memory.” Many 
scholars believe that Einstein’s theory 
of relativity inspired the painting. Dali 
himself described “Persistence” as a 
Camembert (a soft, creamy cheese) of 
time and space. The painting shows 
four pocket watches draped over tree 
branches and other shapes, melting 
slowly in the eerie sunlight, one of 
them covered with ants. All of the 
watches display different times, just 
as relativity says that clocks do when 
they travel very quickly relative to one 
another. The scene suggests that when 
time stops behaving regularly, we 
may feel as if we’re in an alarming and 
confusing place.

CAPTURING TIME
The theory of general relativity 
showed us that space and time are 
not separate properties, but a single 
four-dimensional fabric. Artists have 
always been very good at showing 
us the first three dimensions, but it’s 
not so easy to capture time. Some 
have used kinetic art—sculpture that 
moves or appears to move—to portray 
time passing. Naum Gabo created 
“Kinetic Construction (Standing 
Wave)” in 1920. It’s a vertical steel rod 
mounted on a motor. The sculpture 
vibrates in a wave pattern so that it 
continually moves and changes.

Other artists use light to show 
time passing. Irene Rice Pereira’s 
“Transversion” (1946) features panes 
of textured glass mounted on top of 
painted panels. When light beams 
pass through the glass, they create 
moving shadows, a visual cue for time 
that is as much a part of the work as 
the traditional painted surface. Pereira 
explained that, for her, abstract art 
made new ideas in math and physics 
feel real and accessible.

FIRST ONE DIRECTION,  
THEN ANOTHER
The strange geometry of relativity 
makes perspective incredibly 
important. A person watching two 
unrelated events A and B from one 
perspective might think A came 
before B, while someone viewing them 
from another direction might think 
the two events happened at the same 
time, or even that B preceded A. Some 
painters look for ways to explore their 
subjects from multiple perspectives at 
the same time, even on a flat canvas.

El Lissitzky’s series of paintings, 
prints, and drawings called “Prouns” 
(1920s) does just that. This series 
depicts geometric shapes like cubes 
and triangles, curves, and bending 
lines. Different objects in a single 
picture are painted as if viewed from 
different angles, so that the shapes 
appear to shift, facing first one 
direction, and then another.

SEEING IN MULTIPLE 
DIMENSIONS: THE HYPERCUBE
Time may not be the only extra 
dimension in the relativistic universe. 
Some modern physicists think the 
universe may have as many as 11 
dimensions. Yet our brains don’t seem 
to know how to picture an object 
of any more than three dimensions. 
Artist Tony Robbin realized that 
computer science could help us 
visualize those hidden dimensions.

Just as we can draw a convincing 
3D cube on a 2D piece of paper, Robbin 
developed software that draws 4D 
objects called hypercubes onscreen, 
rotating images to give our 3D brains a 
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The structure at 
right is Carsten 
Holler’s “Neon 
Circle.” 



better sense of what extra dimensions 
look like. In artworks like “Lobofour” 
(1982), Robbin represents four (or 
more) dimensions. Robbin’s free 
Android app is called 4D Hypercube 
Live Wallpaper. 

RELATIVITY FOR THE  
NEW MILLENNIUM
According to general relativity, when 
two objects are changing location 
relative to one another, it’s hard to 
know which is moving and which 
is still. Think of early astronomers, 
who believed that the sun and the 
other planets revolved around the 
unmoving Earth. Of course, the Earth 

moves, and so does the sun. Carsten 
Holler’s “Neon Circle” (2001) plays 
with this confusion. Viewers literally 
walk into this artwork, which looks 
like a large cage made out of two 
speedily rotating circles of neon 
tubes. The motion leaves people 
baffled about what’s moving and 
what isn’t.

We know that a single event can 
occur at different times for different 
observers under relativity theory. 
Doug Aitken’s “Interiors” (2002) lets 
us experience these time shifts for 
ourselves, by displaying four different 
stories on 11 screens and timing them 
so the same stories sometimes come 

together, and sometimes begin and end 
independently of one another.

Care to ponder relativity’s greatest 
mystery? The black hole is a gravity 
trap so strong that not even light can 
escape. In Shea Hembrey’s “radius” 
(2012), the familiar shape of a straw 
bird’s nest opens at the bottom into a 
chillingly infinite darkness, suggesting 
that black holes may be lurking closer 
than we realize. 

Alice Andre-Clark is a writer whose drawing skills 
are barely advanced enough for two dimensions, 
let alone 11. She has managed to melt several 
appliances during cooking mishaps—not a watch 
yet, but it’s only a matter of time. 
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Rings, Arcs,  
Crosses,  

and Twins
How matter distorts space  

and bends light

by Meg Thacher

General relativity gives us a new way 
of looking at gravity: the mass of 
a star or planet or galaxy actually 
warps the space around it. When 
Albert Einstein created his theory, he 

realized that even light would curve around 
massive objects. This phenomenon is called 
gravitational lensing.
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An Einstein ring: the yellow galaxy is lined up 
directly in front of the blue one.

This image captures a galaxy cluster so large that it creates 
thousands of blue and red arcs indicating more distant galaxies.

Gravitational lensing creates two 
images of one super bright quasar

. . . or four images 
of one quasar!

Dramatic Distortions
Galaxies and quasars (the brightest objects 
in the universe) can be “lensed” by a large 
galaxy or cluster between us and them. 
The simplest case is called an Einstein ring. 
When a quasar, galaxy, and Earth are all 
in a straight line, light traveling from the 
distant quasar bends around the galaxy in 
the middle. People on Earth see the quasar 
as a ring instead of a single point of light. 
If they’re not all lined up perfectly, things 
get really funky. We may see two images of 
the quasar instead of one. And if the lensing 
galaxy is large and tilted along the line of 
sight, we’ll see four! The extra light beams 
that bend toward us make the quasar look 
brighter, so gravitational lensing helps us see 
distant objects that would be too faint for 
our telescopes to see otherwise.

Because galaxy clusters have a lot of 
mass, they make really good gravitational 
lenses. (The more massive an object, the 
more it bends light.) They create stretched, 
arc-like images of more distant galaxies 
behind them. Some clusters are so big they 
distort more than one galaxy.  

Dark Matters
The matter that makes up stars, planets, and 
us is only about 5 percent of the mass of the 
universe. The rest is dark matter (27 percent) 
and dark energy (68 percent), and we have 
no idea what either one is made of!

Astronomers can’t see dark matter, 
but they can use gravitational lenses to 
find it. “They allow us to actually see the 
invisible,” says physics professor Tony Tyson, 
who studies gravitational lensing at the 
University of California at Davis. He and his 
coworkers have mapped the dark matter in 
several clusters. The distorted galaxy images 
tell them how much mass is there. 

These stretched-looking blue arcs are all images 
of the same far-away galaxy.
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Physicists are mapping dark matter using gravita-
tional lenses. The blue blobs here are galaxies. The 
orange glow is a computer calculation of the dark 
matter in the cluster.

A computer rendering of the Large Synoptic Survey 
Telescope (LSST) 

Dark matter isn’t just in galaxies and 
clusters—it’s everywhere in space. And all 
that mass causes gravitational lensing, which 
distorts our view of the universe, like a great 
cosmic mirage. As Tyson says, “Everything 
you see in the sky is in the wrong place.”

Tyson is the chief scientist of the Large 
Synoptic Survey Telescope (LSST), an 
8.4-meter- (27-foot-) diameter telescope 
being built in Chile. One of the goals is to 
make a 3D map of the mass in the universe, 
using strong and weak lensing. Scientists will 
examine galaxy shapes all over the sky to 
find ones that are distorted due to lensing. 
Using computer models, the team can work 
backward from these distortions to map the 
mass that’s causing them.

Who You Calling Weak?
Einstein rings are one example of “strong 
lensing.” The ring looks almost nothing 
like the actual background galaxy that got 
distorted thanks to the lensing cluster. But 
in pictures of galaxy clusters, you can see 
that even far out from the center of the 
cluster there are faint, slightly curved blue 
galaxies. They don’t look as warped as the 
blue arcs near the center of the cluster, but 
they’re definitely feeling the effects of the 
gravitational lens. This is an example of 
“weak lensing.”

And because the universe is so huge and 
light travels a mere 300,000 kilometers per 
second, when we look out at distant galaxies, 
we’re also looking back in time. The more 
distant a galaxy is, the farther back in time 
we’re looking. So astronomers don’t just map 
mass in the universe, they map how that 
map has changed over time. This will give us 
clues about the nature and history of dark 
matter and dark energy, and maybe even 
some hints about our future.

Meg Thacher has been studying astronomy for 30 
years. Of all the astronomical pictures she’s seen, 
blue arcs are the most fascinating. She wishes her 
telescopes were strong enough to see them.

Did You Know?
A quasar is an extremely bright 
source of light that astronomers 
believe comes from a supermassive, 
rotating black hole at the center of a 
young galaxy.  
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INSTRUCTIONS
1. Take a piece of paper and draw 
some random dots on it with a 
fine-point marker. 
2. Put the paper flat on a table, and 
place a wineglass stem down on the 
paper. (Ask about using the wine 
glass first!) If you look down 
through the wineglass, the dots turn 
into arcs near the center. The base 
of a wineglass is bending light in 
similar ways to a gravitational lens. 
3. Slide the glass around to really 
see the effect.

Particle physicist Ayana Holloway 
Arce made a simulation of a galaxy 
cluster moving through a field of 
distant galaxies. You can see what it 
looks like at www.lsst.org/lsst/
public_lensing_simulation. Pay 
attention to what happens farther 
out from the center—that’s where 
weak lensing takes place.
  —Meg Thacher

Experiment:  
Bending Light

YOU’LL NEED:
 paper
 marker
 wineglass

Lab Notes:
It required patience and experimenting with viewing 
angles, but we saw the dots “bend” into arcs—just 
like far-away galaxies!
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“THE GREATEST scientists are artists as well,” said Albert Einstein in 
1923.* That was eight years after he published his theory of general 
relativity. We’re exploring that theory in this issue—including ways 
that artists have been inspired by Einstein’s ideas. But now it’s your 
turn. How would you explain relativity to a friend, or to your art 
teacher, or to an alien? Use these pages to write or sketch something 
you enjoy—or something you wonder—about Einstein’s theory. Be 
bold. Be messy. And have fun.

You 

SCRIBBLING SCIENCE
Creative space-time

24  
*according to a recollection printed in a North Carolina newspaper

E=mc
2?
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 Testing    
   Einstein IN SPACE!

by Kathryn Hulick
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 Testing    
   Einstein IN SPACE!

W hat happens if you drop a Styrofoam 
ball and a bowling ball at the 
same time? Will they hit the floor 
simultaneously? 

According to legend, Galileo 
climbed up the Leaning Tower of 

Pisa and dropped balls of different weights from the top. 
Historians now think that this famous experiment didn’t 
actually happen. However, Galileo did realize that objects 
of different weights fall at the same rate, as long as a 
medium such as air or water doesn’t slow them down. In 
1971, astronaut Dave Scott performed a version of Galileo’s 
famous experiment—on the moon! He dropped a feather 
and a hammer, and they landed at the same time. The moon 
has no atmosphere to slow down the light, floaty feather.

A PLANET-SIZED ROLLER COASTER
These experiments are interesting, but why do heavy and 
light objects fall at the same rate? Einstein figured it out. 
The theory of general relativity includes a rule called the 
equivalence principle. It says that gravity is just another 
form of acceleration. You know that feeling you get on a 
roller coaster when you’re slammed backward into your 
seat? As the roller coaster car accelerates forward, you get 
pushed back. In fact, the exact same effect keeps you on 
the surface of the Earth instead of flying off. Only the “car” 
is much bigger—it’s the entire planet! And the acceleration 
comes from the way the planet warps space so that 
everything nearby (including you) falls toward it. 

Is the theory true? Clifford Will, a physicist at the 
University of Florida and author of 

the book Was Einstein Right?, 
says: “General relativity is still 
the gold standard, because it 
does agree with every single 

experiment that’s ever been 
performed.” However, scientists 
must continue to test this theory 
(and all other important theories 
in science) to make sure that it 
matches what happens in the real 
world. 

BLAST OFF!
Pierre Touboul has one question for 
Einstein: ready to be tested? Touboul 
is the scientific director of the physics 

department at ONERA, the French 
aerospace research lab. His team plans to 
launch a satellite into space in April 2016 
in a mission known as MICROSCOPE. 
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The satellite, which is about the size of a fish tank, 
carries an instrument that will test the equivalence 
principle.

The equivalence principle has already passed many 
tests in labs on the ground. It certainly seems as if 
different objects fall at the same rate. But what if we 
aren’t looking closely enough? If you could measure the 
positions of a Styrofoam ball and a bowling ball with 
enough precision, maybe you would find a very, very, 
very tiny difference in how fast they fall. 

So far, tests have shown that the equivalence 
principle is correct, with no difference in acceleration, 
up to a factor of about 10-12. The MICROSCOPE mission 
will push this accuracy to 10-15. Touboul explains what 
these numbers mean: a bicyclist travels at about 3 
miles per hour. If she slows down by a factor of 10-15, 
then it would take more than 5 million years to come to 
a stop! Only an extremely careful measurement could 
notice that she is slowing down while her friend is still 
traveling at 3 miles per hour. 

Sending the experiment into space helps make this 
extreme accuracy possible, explains Will, who is not a 
member of the MICROSCOPE team. In space, people 
and objects float freely as they orbit the Earth. You 
can compare the acceleration of two objects without 
worrying about gravity getting in the way. 

A NEW FRONTIER
Instead of feathers and hammers, or Styrofoam 
and bowling balls, MICROSCOPE will test tiny 
cylindrical objects made of the metals platinum and 
titanium. Platinum is much heavier than titanium. 
The cylinders will nest one inside the other, so that 
they have the same position in space. The instrument 
contains two pairs of these masses. It will perform 
the same experiment many times with both pairs to 
help rule out any errors. If the team does find that 
the masses seem to move at different rates, Touboul 
explains, “[We] must be sure that this signal is not 
due to the satellite, due to the instrument, or due to 
the environment.” 

Finding a real signal would be a big deal. This 
would mean that the equivalence principle doesn’t 
hold when you look very closely. If that happens, 
Touboul says, the discovery would open up a new 
frontier in physics. But it likely wouldn’t mean that 
general relativity is entirely wrong. “Einstein will still 
probably be the gold standard,” Will says. But the 
theory may have to change to include new ideas  
in physics.

No matter what the MICROSCOPE mission learns, 
scientists will continue to test Einstein’s theories. 
The theory of general relativity applies to many 
different phenomena. But we haven’t yet tested if it is 
valid close to black holes, or in other situations with 
extremely strong gravity, says Will. “We’d like to see if 
it is valid on the scale of the entire universe.”   

Kathryn Hulick lives in Massachusetts with her husband and 
their new baby. She drops things all the time, but not usually 
on purpose.

The MICROSCOPE 
satellite is assembled 
at CNES, the French 
space agency.

These sensor 
units are tools 
that will test 
Einstein’s theory 
in space.

Einstein figured out 
why a hammer and 
a feather fall at the 
same rate. American 
astronaut Dave Scott 
demonstrated it on 
the moon!
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Growing Apart
General relativity teaches us that 
when another person, X, is moving 
quickly relative to you, it appears that 
X’s watch slows down. X, however, 
experiences time moving at a normal 
pace. From his perspective, your clock 
speeds up! This strange effect is called 
time dilation. 

Time dilation could be the key 
to time travel. Imagine 10-year-old 
best friends Samantha and Samara. 
Their birthdays are both in November. 
Samara stays on Earth, while 
Samantha flies off in an incredibly 
speedy spaceship. Samara waits 20 
years, and finally Samantha returns 
to Earth and Earth-time—but for 
Samantha, just nine years have 
passed. Even though they were born 
in the same month, in the same year, 
Samara is now 30, and Samantha is 
only 19!

by Alice Andre-Clark

Traveling 
Through 

Time
CAN RELATIVITY PUNCH YOUR TICKET TO 

THE PAST AND FUTURE?

Y ou pass through the 
gleaming silver doors. 
You reach for the 
lever. All of history 
and all of history-to-

come are at your fingertips. Pull up, 
and you could come face-to-face with 
a triceratops. Push down, and ring in 
the year 3000 with your descendants. 
Has relativity, with its varying clock 
speeds and curving space-time fabric, 
given us the clues we need to build 
the first time machine?
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What would it take for Samantha 
to hop ahead 11 years into the future? 
She’d need to travel at about 90 
percent of the speed of light for 20 
Earth-years. This would require an 
enormous amount of energy—equal 
to the current output of every power 
station in the United States for well 
over 100 years! If you want to make 
large time leaps, you must approach 
the speed of light. But the nearer  
you get to it, the more energy you 
must expend to travel even just a  
little bit faster.

The Universal  
Speed Limit
Now what about a trip into the 
past? Clocks slow to a stop as they 
approach the speed of light, so if they 
could somehow travel even faster, 
they might actually move backward. 
However, as objects speed up, their 
mass grows greater and greater, 
approaching infinity at the speed of 
light. It would require infinite energy 
to accelerate an object to light speed, 
so this seems to be the speed limit for 
every atom in the universe. 

It might not be the speed limit 
for everything smaller than an atom 
though. Some physicists are looking 
for a particle called a tachyon—
smaller than an atom, with zero mass, 
and able to travel faster than light. 
However, they have yet to prove that it 

exists, let alone figure out how to use 
it to communicate with the past. 

Shortcuts through 
Space-Time
Instead of trying to travel faster than 
the speed of light, we could follow 
a shortcut between distant points 
in space-time, one that would allow 
quick travel not only to faraway 
galaxies, but also to earlier times.

We might cut through to the past 
using a wormhole, a passageway 
through the space-time “fabric.” The 
way massive objects stretch the fabric 
could have created tunnels joining 
distant points in time and space, or 
we might build a tunnel ourselves 
with a powerful atom smasher. 
However, if we found or made a 
wormhole, just one concern is that its 
own gravity would likely collapse the 
hole instantly unless we discovered a 
substance that could hold it open. 

We could try swinging on a cosmic 
string. Some scientists speculate that 
the Big Bang, the explosion that began 
the universe, left behind infinitely 
long, massive strings thinner than 
an atom. If we took a pair of these 

strings and fired them past each 
other at extremely high speeds, their 
gravitational pull could warp space-
time so much that a spaceship circling 
the strings would be able to propel 
itself into another time. Alas, even if 
cosmic strings exist, we’d need a string 
as massive as half the galaxy just to 
travel back a year.

If you ever do manage a journey 
into the past, you might face some 
strange puzzles. Suppose you helped 
out Beethoven by handing him the 
sheet music for his Fifth Symphony 
before he sat down to write it. Then 
who really composed Beethoven’s 
Fifth? What if you took a road trip with 
your grandfather that prevented him 
from meeting your grandmother? If 
your mom was never born, and neither 
were you, then who rode with him? 
Consider also: if time travel to the 
past is possible, where are all the time 
travelers? Shouldn’t someone from the 
future have contacted us by now?

Alice Andre-Clark is a writer living in New 
Jersey. Like many would-be time travelers, 
she’d like to go back to 1865 and tell 
Abraham Lincoln not to go to the theater.

Imagine a 
wormhole as a 
tunnel through 
space-time.
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Fiction by Éric Picholle
Translated from the  
French by Sheryl Curtis  
illustrated by Duncan Long

Twins
Again

T ara’s twin, Macha, 
is actually 
younger than 

Tara. Or is she much 
older? In deep space, 
spaceship maneuvers 
sometimes play 
strange tricks with 
distant clocks.
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1
Ship-time: January 5, 2033 09:15:00  
Earth-time: November 17, 2032 11:23:17  

Tara: 16 years old today!
Macha: turning 15 soon

Macha’s clock accelerated. I felt it, even before 
checking my clock, the one that runs by ship’s 
time; I’ve spent enough time watching her clock 
slowly count off the seconds for the better part of 

two years to know its pace, one second for roughly every ten 
seconds. One of Macha’s heartbeats for ten of mine—her 
own twin! But right now, it’s closer to one for eight. 

That can only mean one thing: the astronomers have 
detected a likely planet, and we’ve started to decelerate. I’m 
probably the first one in the ship to know it, apart from the 
bridge crew and the engineers, of course. And Tom, maybe. 
Tom is the only other twin on board the SS Paul Langevin. 
He has two clocks in his cabin as well—for the stupid 
psychological study, I guess. I doubt if anyone is seriously 
considering this far-fetched idea of interstellar telepathy. 
Tom thinks it’s all about advertising; they did take a lot of 
shots of us standing next to our clocks, Macha and me, 
Tara, and Tom and Franck, just before take-off. Two sets of 

identical twins, two 13-year-old girls and two 14-year-old 
boys. Twins of the same age, even though it sounds idiotic 
when you say it like that.

Since then, things have become a little more complicated. 
Close to the Earth, the slippage wasn’t really noticeable; then 
Macha’s clock seemed to slow. At first, I used to calculate the 
difference in our ages to the minute. It was almost a game. 
Then, when we reached cruising speed, with this factor of 
10 between our clocks, hers seemed to stop. A year later, I 
was 14—duh!—and she was still 13. When the astronomers 
assigned us a new target, and the engines had to be restarted 
to correct the trajectory to Fomalhaut-7, there was a strange 
period when her clock suddenly accelerated, catching  
up to mine. For the briefest moment, we were twins again, 
normal twins, both 14 years old—then pop! A week later, I 
was still 14 and Macha was already 15. Yet we weren’t all that 
far from the Earth. Then the maneuver was over. We returned 
to cruising speed and I went back to aging faster than she 
did, until I caught up with her—twins again, again!—and 
passed her.

Sorry, I’m rambling. But I have a good excuse: today is 
my birthday. And I find it a little weird that it isn’t Macha’s 
as well. The first time this happened, I cried. I hope that 
Fomalhaut-7 will be a nice planet. That would be the best 
gift ever!
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2
S-time: February 3, 2033 03:17:00   
E-time: February 3, 2033 03:10:23  

Tara & Macha: almost 16 years and 1 month

What am I doing up in the middle of the  
night? And in a boy’s cabin, of all places? 
We’re staring at a clock, of course! The  
clock that tells Franck’s time, his twin’s  

time, the same time as Macha’s, on Earth. And believe you 
me, it’s racing ahead: almost 20 seconds for each one of 
ours. Just a few more, and we’ll all be twins again, for one  
glorious instant.

We’ve calculated the exact time, obviously. 03:17:33 
sharp. Ten seconds. Tom holds me close to him. Five! Four! 
Three! Two! One! Now!

It all happened too fast. I’m not even sure I really saw 
the two identical times, on both clocks. I placed my head 
on Tom’s shoulder for a few extra seconds, just in case. Tom 
and Tara . . . the time it takes to form a thought, and Macha 
has already started aging fast. She’s now older than me by 
four minutes, and counting.

Twenty seconds for each of ours—and it won’t get any 
better. The scientists have confirmed that F-7 is an Earth-
like planet, and the captain announced that we’ll keep on 
decelerating until we reach a full stop. Neither Tom nor I 
have dared to calculate how old our twins will be when we 
arrive in about 10 days. 

Right now, I don’t even care what name we’ll give our 
planet. Tomorrow will be another day. I’m going to bed. 
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thinks I’m leaving her behind. She’s probably furious at me. 
When deceleration peaked, we could no longer read 
the Earth minutes, which flew by at more than 20 per 
second. It’s fine to know that the faster I travel away from 
my twin, the faster she may age. But it’s quite another 
matter to see it. 

When Macha edged past 40—leaving me behind as 
well—I turned off her clock. Then Tom managed to make 
me smile, telling me that my twin might well have children 
my own age.

I no longer have anything to do with Earth or it with 
me. Even the news of our safe arrival won’t reach them for 
another quarter of a century, along with our invitation to 
join us on Einstein, humankind’s new blue planet. 

Tom and I are scheduled to land in just over a month. 
But we’re already Einsteinians. For real. 

 
Éric Picholle is a laser scientist and a science fiction writer. He lives  
in Nice, France. He has a younger sister, Catherine, but changing their 
relative ages never entered in his lifelong desire to travel in space and 
visit the planets.

3
S-time: February 14 2033 10:00:00   
E-time: June 7, 2060 01:17:12 

Tara: Just over 16 years and 1 month
Macha: 43 and a half

M e again. Sorry, but I haven’t had much time  
for you guys lately! They say that the final 
days of a long journey are always frantic. I can 
vouch for that. Between the workshops on the 

latest discoveries on our new planet and all the practical 
details of preparing to disembark, I haven’t had a minute 
to myself. 

F-7 looks so much like Earth that most people wanted 
to call it “Earth 2,” but the captain vetoed that. There’s  
only one Earth! So it will be called Einstein, after Albert, 
 of course.

Why is it never the right clock that slows? I bet she 
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Have any questions?   
Send them to Muse Q&A,  
70 E. Lake St., Suite 800,  

Chicago, IL 60601,  
or email them to  

muse@cricketmedia.com
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Q:
Why do color-
blind people  

see color  
differently than 
other people do?

To understand what 
it means to be color 
blind, you have to 
understand how 
most of us see color. 

Our eyes are filled with three 
different types of cone cells, 
each of which is responsible for 
picking up a different wavelength 
of light. Our brains interprets 
those wavelengths as different 
colors. One type of cone sees 
long wavelengths (red), one sees 
medium-length wavelengths 
(green), and one sees short wave-
lengths (blue).

Now let’s say you’re missing 
the gene for making the red 
cone. Your eyes won’t be sensi-
tive to the longest wavelengths 
of light. Your green cone will 
try to pick up some of the slack, 
but it can’t quite get all the 
way there. The brightest reds 
will look gray or like a muddy 
brown, and you’ll probably 
confuse orange and green. You 
also won’t be able to see the 
red in other colors. Purple, a 

combination of red and blue, 
will just look blue to you.

That’s one kind of color 
blindness, explains Jay Neitz, 
an ophthalmologist at the 
University of Washington. 
Another kind happens when 
you have three types of cones, 
but two of them detect almost 
the exact same range of wave-
lengths, leaving some colors 
out. That’s the kind of color-
blindness Jason Houston has. 
He can see bright reds and 
greens, but “I miss subtlety.” He 
can’t tell the difference between 
shades of pastel greens and 
pinks, for example, and remem-
bers thinking a pink-checkered 
dress looked completely white.

Neitz would like everyone to 
be able to see all the colors of 
the rainbow. But for now, he’s 
starting with spider monkeys, 
some of which are missing 
their red cones. By delivering 
the gene for red cones directly 
to the monkeys’ eye cells, Neitz 
and his colleagues changed 

some of their green cones into 
red cones. Monkeys that had 
never seen red before now saw 
the hue as clearly as if they had 
grown up with full-color vision.

Once Neitz proves a similar 
treatment is safe and effec-
tive in humans, some people 
with color-blindness may have 
the option of a cure. “If they 
wanted to, they could see the 
colors that everybody else does,” 
Neitz says. Still, “it’s possible 
to live a life where being color 
blind is really not that big of a 
problem.” Houston agrees. “I 
never felt like I was missing out 
on anything”—even though 
he has a job some might think 
color-blind people can’t do. He’s 
a photographer.

—Lizzie

BY LIZZIE WADE DANIEL GUIDERA

—Jason Fry’s 6th grade science 
class, Rockbrook Elementary, 

Omaha, Nebraska
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THREE STRONG FORCES,  
ONE WEAKLING
Just four fundamental forces cause 
everything that happens in the world 
we perceive. One is electromagnetism. 
It powers lightning, lasers, cell phones, 
and computers. Another is the strong 
nuclear force that holds together 
particles within atoms. Breaking those 
bonds is what makes atomic bombs 
so devastating. A third is the weak 
nuclear force, which provides us with 
the sun’s life-giving radiation.

The fourth force, gravity, attracts 
all physical bodies to one another, 
causing your dropped pencil to fall to 
the ground and Earth to orbit the sun. 
Every time you move, you feel gravity’s 
effects, so you might not realize how 
weak it is—about 10 septillion times 
less powerful than the weak nuclear 
force. Try picking up a metal object 
with a small magnet, and watch the 
magnet overcome the gravitational 
pull of the entire Earth!

TWO PIECES DON’T  
FIT TOGETHER
Relativity does a great job describing 
how gravity shapes the movement 

   EINSTEIN’S 
   FINAL  
PROJECT

of big, heavy objects like stars and 
planets. Another theory, quantum 
mechanics, explains how the other 
three forces work together. It has 
been extremely useful for predicting 
the movement of particles smaller 
than atoms. With one good set of 
equations for heavy objects, and 
another for tiny ones, most situations 
are covered.

However, the two theories present 
pictures of the universe that don’t 
fit together very well. Relativity 
describes a continuous, predictable 
space-time fabric, while in quantum 
mechanics, unconnected blobs of 
light and other particles move more 
randomly. Scientists also struggle 
to understand objects that are both 
heavy and tiny, like the center of a 
black hole, or the universe itself at 
the time of the Big Bang.

STRINGS AND BRANES
Enter string theory, a set of 
equations explaining the heavy and 
the tiny. According to string theory, 
every particle in the universe is 
made up of wiggly little (very, very 
little) strings, as well as branes 

A
lbert Einstein was wasting his time, claimed 
physicists of the mid-twentieth century. Einstein 
spent the last decades of his life seeking a “theory 
of everything”—a set of equations describing all 
the forces in the universe. He didn’t succeed, 
but physicists are now hot on the trail of string 

theory, the idea that tiny, vibrating strings create every force.

(short for membranes), sheets of the 
same stretchy material that come 
in two or more dimensions. String 
theory says that each of the four 
fundamental forces is caused by 
different patterns in the vibrations 
of strings and branes.

HIDDEN DIMENSIONS AND  
THE MULTIVERSE
If string theory is true, our universe may 
have some bizarre secrets. We observe 
four dimensions (including time), 
but many string theorists think there 
are actually 11 dimensions! Where 
are these hidden dimensions? 
One possibility is that they’re 
“compactified”—rolled up into 
bundles too small and tight for us 
to see. Our universe could also be 
trapped inside a 3D brane, while 
higher dimensions appear only on 
other brane universes.

Other universes? Yes, many 
cosmologists believe we live not just 
in a universe, but in a multiverse. 
Other brane universes may be 
lurking just millimeters away from 
ours. We won’t be able to see them 
though. Some string theorists 
believe that light can’t move from 
one brane to another—but that 
gravity can. This may help explain 
why gravity is so weak: much of its 
force escapes our brane.

What’s even stranger is that you 
might not be the only you. If the 
multiverse turns out to be infinite, 
universes are likely to repeat 
themselves. In other universes, 
exact copies of you may reside on 
identical Earths, wearing the same 
shirt, reading this very article this 
very moment. Other universes could 
be almost exactly like ours—say, one 
in which you’re nearly the same you, 
but green-haired, ambidextrous, 
or (inexplicably) reading another 
magazine instead of this one.

This version of Alice Andre-Clark is a 
writer working in three dimensions in New 
Jersey.  She hopes that the copies of 
herself working elsewhere in the multi-
verse are wearing nicer shirts.

Physicist James Gates is known for 
his work on string theory.



The Other Discovery

EINSTEIN’S LEAP TO QUANTUM SCIENCE
by Mary Beth Cox



Unintended Consequences
Among his many talents, Einstein had 
a knack for spotting simple answers to 
confounding questions. He described 
freeing his imagination from the 
limits of everyday experience. For 
instance, experience suggests that 
much of the universe is continuous. 
Time, space, and energy seem to flow 
smoothly, uninterrupted by any gaps 
or cracks. Matter alone appears to be 
chunky. Material “stuff ” is subdivided 
into individual pieces. With relativity 
Einstein showed there are no such 
things as absolute space and time. 
With quantum science he showed that 
the smooth, continuous universe is 
also an illusion. 

Einstein won his Nobel Prize 
“especially for his discovery of the 
law of the photoelectric effect.” 
The photoelectric effect is now a 
famous quantum phenomenon. 
Before Einstein, it stubbornly defied 

explanation. The effect is easy enough 
to reproduce. A light beam shines on a 
metal surface. The light knocks loose 
from the metal tiny pieces of matter 
called electrons. So far, so good. 
Now what happens if the light beam 
gets brighter? If the “flow” of light 
intensifies, shouldn’t the electrons 
zing off the metal with extra energy? 
Surprisingly, that’s not what happens. 
A brighter light beam increases the 
number of electrons knocked loose, 
but the energy of each free electron 
stays the same as before.

To explain this unexpected result, 
Einstein used a radical idea. A 
light beam may look like a smooth, 
continuous flow of energy, but it’s not. 
Like matter, energy comes in chunks. 
A light beam is actually a stream of 
tiny pieces of energy called photons. 
When a photon strikes a metal 
surface, it collides with and jars loose 
an electron. A brighter light beam 

has more photons than a dimmer 
beam, but the photons are not more 
energetic. More photons mean more 
collisions. More collisions mean more 
free electrons. Thus a brighter light 
beam increases electron number 
without increasing electron energy. 
Einstein’s chunky light explanation 
of the photoelectric effect was both 
simple and satisfying. But it kicked 
off a scientific revolution that the 
relativity superstar always regretted. 

Now for Something  
Completely Different
Einstein’s theory of general relativity 
was published in 1915. That mission 
accomplished, he refocused his 
energies on quanta. Einstein may 
have been the most renowned, but 
many other physicists worked to 
understand photons, electrons, and 
other teeny tiny things. Their study 
revealed an uncomfortable picture 
of the universe. Quanta behave very 
differently from objects we see around 
us. Visible objects, whether they’re 
rolling pebbles or revolving planets, 
act according to predictable rules. 
Take an ordinary object’s starting 
point, plug it into a straightforward 
equation, and presto! It’s possible to 
calculate its future position, velocity, 
or momentum. Quanta are not so 
conveniently cooperative. They do 
follow rules, but the calculations give 
blurry ranges of probable outcomes 
instead of a single, sharply focused 
prediction. It’s simply not possible to 
pin down quanta. Their futures are 
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Relativity made Albert Einstein famous. 
He is the superstar of light speed 
and space-time. But relativity did not 
win Einstein his Nobel Prize. Instead 
that prestigious award celebrated his 

role in another revolution in modern physics. 
Einstein helped pioneer the science of quanta: 
the smallest possible pieces of everything. He 
uncovered secrets at the roots of the universe 
that even he didn’t dare believe.

Explaining the photoelectric effect resulted in a Nobel Prize for Einstein. The effect is shown here in beams of light releasing electrons 
from a metal plate. More blue light releases more electrons. Less blue light releases fewer electrons. And red light releases no electrons. 
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OPEN SAYS ME
The photoelectric effect is the operational secret behind 
automatic doors. A light beam shines continually on a metal 
plate. The beam’s photons knock loose a few of the plate’s 
electrons. The steady release of electrons forms a weak 
current of electricity. As long as that current flows, the door 
knows to stay shut. When someone approaches the door, the 
beam of light is blocked. Photons no longer strike the metal 
plate, so the electric current stops. This is the signal the door 
has been waiting for. Time to open!

Quantum science focuses 
on photons, electrons, and 
other particles smaller 
than an atom. Unlike the 
actions of visible objects, 
the actions of quanta are 
hard to predict. 



spiced with a dash of unpredictable 
chance. It turns out the universe isn’t 
as continuous as it seems. It’s really 
the smoothed over sum of countless 
chunky possibilities. 

The quantum revolution met  
with staunch opposition. One of 
Einstein’s most outspoken critics 
. . . was Einstein himself ! He knew 
that light quanta explained the 
photoelectric effect, but he didn’t 

like the consequences that followed. 
Einstein believed in identifiable 
causes with predictable effects. If the 
actions of quanta are probabilities 
and not certainties, then Einstein 
felt some puzzle pieces must still be 
missing. He didn’t see how chance 
could be at the root of everything. 
He famously said over and over: the 
universe is not a cosmic game of dice! 

Too Much of  
a Good Thing
As with the strange new ideas 
of relativity, quantum science 
had to be tested. Experiment 
after experiment confirmed 
Einstein’s fears. Chance 
does indeed play a part in 
the actions of quanta, and 
there’s something even more 
unsettling. There’s no absolute 
space. There’s no absolute 
time. There are also no 
absolutely objective observers. 
Experimenters themselves are 
always experimental factors in 
their own experiments. 

All of this was too much 
for Einstein. The relativity 
superstar struggled to come to 
terms with the “other” scientific 
revolution he helped launch. 

That’s too bad. Quantum science is 
a spectacularly successful branch 
of physics. It describes subatomic 
happenings in fine detail. It accurately 
accounts for all sorts of matter 
and energy interactions. Quantum 
science also has plenty of practical 
applications. Without it there’d be no 
electronic information age—no cell 
phones, no laptops, no video games. 
Yet those nagging questions that 
plagued Einstein still linger. What 
secrets are quanta hiding in their 
blurry behaviors? Can science ever be 
totally comfortable with the universe’s 
uncertainties? These questions are 
waiting for the next Einstein. They 
could make her a superstar.

Mary Beth Cox is a chemist from Texas. 
She’s eager to hear what the next Einstein 
has to say.
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A CHALLENGE FOR  
THE CURIOUS READER
Suppose you are working in a lab.  
You are going to reproduce the 
photoelectric effect. You don’t want  
to increase the number of free electrons. 
You want really energetic electrons. 
You’re looking for some extra zing!  
What do you do?

It all starts with the photons you 
choose. A photon’s energy level is 
determined by its frequency, or “color.” 
Low-frequency light (red wavelengths) 
is less energetic than high-frequency 
light (blue wavelengths). So a photon of 
red light is less zingy than a photon of 
blue. How could you increase the oomph 
in your collisions between photons and 
electrons? (Answer below.)

ATOM STRUCTURE

ANSWER: Choose a more energetic color of light, such as blue or violet.



Equations make sense of 
shark skin—and more.

Sharks seem ideally suited for 
hunting in the ocean, slinking 
through the water to snatch 
their prey. One secret of their 
success as swimmers is their 
skin. It’s not smooth, as you 
might expect, but rough, like 
sandpaper.

Shark skin has tiny, 
ridged, tooth-like scales, called 
denticles. Research has shown 
that denticles help a shark swim 
faster than it would otherwise. 

These ridged structures 
affect how water flows over a 
swimming shark, reducing drag 
and increasing thrust.

If you’ve gone swimming 
in a pool or the ocean (or just 
dipped your hand into a basin 
of water), you know all about 
water resistance. You have to 
work hard to force yourself 
forward against the drag that 
you feel.

Think of the water as being 
made up of thin layers of 
fluid. As your skin brushes 
against the water nearest 
to you, little whirlpools, or 
vortexes, form in the layer 

of water against your skin. 
That formation takes energy, 
so some of the work you put 
into swimming disappears into 
these vortexes.

To understand better what 
happens as water flows over a 
surface, scientists turn to a set of 
equations worked out nearly 200 
years ago. Derived from Newton’s 
laws of motion and named 
for two physicists, the Navier-
Stokes equations relate velocity, 
temperature, pressure, and 
density. They apply to any sort of 
fluid motion, whether oil flowing 
through a pipeline or water 
streaming past a swimmer.
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have shown that a rough 
surface can help break up or 
reduce the size of vortexes, 
which means less energy is lost 
to drag and more energy can go 
into moving forward. That has 
encouraged engineers to add 
ridges to airplane and sailboat 
surfaces to try to increase 
speed or fuel efficiency.

Some researchers 
have even used computer 
simulations of fluid motion 
to design ribbed swimsuits 
that allow Olympic racers 
to go faster. But they can’t 
yet match how well a shark’s 
skin works, with its tiny 

denticles and a shark’s natural 
flexibility to enhance their 
effect.

We live in a world filled 
with fluids in motion. Because 
the math of fluid flow is the 
same whether applied to 
water flowing over shark skin 
or blood coursing through an 
artery, you can take advantage 
of what you learn in one field 
to make advances in another. 
Doctors, for example, can use 
simulations of fluid motion 
to better understand blood 
flow in a damaged artery. The 
goal: to improve treatments in 
medical emergencies. 

But the equations are 
complicated, so the hard part 
is solving them to predict what 
happens to the fluid velocity 
and pressure when air flows 
past an airplane wing or water 
passes over shark skin.

In recent times, computers 
have come to the rescue. 
Mathematicians and engineers 
have found ways to solve the 
equations step by step to get 
closer and closer to an answer. 
From images showing the 
results of such calculations, 
they can explore what happens 
to fluids near surfaces.

Such computer simulations 
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Tiny, ridged scales called 
denticles help mako 
sharks swim faster than 
any other shark species.



CONTEST

PEERING INTO A 
PARALLEL REALITY 
Egads, alternate realities! 
Draw us a diagram or 
blueprint from your 
ultimate parallel universe 
(use equations if 
necessary!). What can we 
find there? Are lockers 
bigger on the inside? Can 
mundane, hay-eating barn 
animals fly? We’d also love 
to read a caption under 
the drawing. Maybe 
written by you, or maybe 
written by your alternate-
reality self!

CONTEST RULES
1. Your contest entry must 
be your very own original 
work. Ideas and words 
should not be copied.

2. Be sure to include your 
name, age, and full address 
on your entry.

3. Only one entry per 
person, please.

4. If you want your work 
returned, enclose a self-
addressed, stamped 
envelope.

5. All entries must be 
signed by a parent or legal 
guardian, saying that this 
is your own work and no 
help was given and granting 
permission to publish. For 
detailed information about 
our compliance with the 
Children’s Online Privacy 
Protection Act, visit the 
policy page at cricketmedia 
.com/privacy.

6. Your entry must be 
received by December 
31, 2015. We will publish 
winning entries in the April 
2016 issue of Muse.

7. Send entries to Muse 
Contest, 70 E. Lake St., 
Suite 800, Chicago, IL 60601 
or via email to muse@
cricketmedia.com. If 
entering a digital photo or 
scan, please send at  
300 dpi. 

NEW CONTEST

ANNOUNCING

RUNNERS-UP

Honorable Mention 
This month’s runners-up 
are Kathryn C., 14, 
Washington; Nelson C., 11, 
Florida; Alexandra S., 15, 
Texas; Zoe L., 11, Georgia; 
Gavin R., 7, Florida; 
Ryley W., 13, New 
Hampshire; Ethan S., 10, 
California; Joshua H., 9, 
Michigan; Coby H., 11, 
California; Ishbel N., 11, 
Virgina; Bella B., 11, 
Pennsylvania; Sam H., 9, 
Ontario.

CONTEST WINNERS!
In May/June 2015, we asked 
you to send us a drawing of 
the last-level, pretty-much-
unbeatable bad guy from 
your imaginary video game. 
We so want to face these 
villains.
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DQ (DEATH QUEEN, 
AKA KELLY DEATH)

—IVEY M.  / age 10 / Texas

DR. POTATO  
& HIS POTATO ROBOT

—TOM M.  / age 12  / Illinois

BAD-APPLE ABBY

—NATALIE ANN R.  / age 10  / Virgina 

MORDECAI THE EVIL  
DEMON CYBORG

—WILL S.  / New Hampshire



EINSTEIN’S THEORY says that the speed of time depends 
on how fast you’re moving. It’s all relative. (Get it? Relative 
= relativity!) If you could zip around near the speed of light, 
you’d experience slower time than someone sitting on the 
couch. You would also see into the past. Space and the objects 
in it would warp and bend. Colors would shift. If your head 
is swimming, you’re not alone. “People think that relativity 
is extremely weird,” says Gerd Kortemeyer of Michigan State 
University. Scientists who investigate Einstein’s theories like 
to tell a story about Sir Arthur Eddington, who was one of the 
first to spread the word about Einstein’s work. A colleague said 
to him, “Professor Eddington, you must be one of the three 
persons in the world who understand general relativity.” And 
he replied, “On the contrary, I am trying to think who the third 
person is!” Is relativity really so difficult that only a few people 
in the whole world will ever really get it? Is it even possible to 
grasp this wild theory? Sir Arthur Eddington would almost 
certainly say “No, it’s too complicated.” 

But Kortemeyer and a group of physicists and game 
developers are trying to make relativity more accessible. They 
built a free game called “A Slower Speed of Light.” To beat the 

game, you collect 100 orbs lying 
on the ground in a little village. It 
sounds simple, but each orb you 
collect also reduces the speed 
of light. Eventually, the world 
around you starts to warp and 
the colors go all psychedelic, 
making it more difficult to find 
the orbs. Phillip Tan, director of 
the MIT game lab, also worked 
on the project. He explains that 
the game makes something 
very complicated easier to 
understand. “It conveys some of 
the joy that theoretical physicists 
actually experience every day,” 
he says. 

Did you try the game? Do you 
feel joyful, or frustrated? Do you 
think relativity is just too weird 
to understand?

IS RELATIVITY TOO WEIRD TO 
UNDERSTAND?

Yo
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h
BY KATHRYN HULICK MATTHEW BILLINGTON

Play the game 
at gamelab.mit 
.edu/games/a-
slower-speed-
of-light.
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EVERYONE HAS an infinite number of relatives, some of which 
are very far away, most of which are very old, and only a few of 
which are kids your age.

Of the few relatives your age who live close, most are boys, and 
are not interesting. The boys claim the same thing in reverse.

Your friends’ relatives are almost always more exciting than 
your own. (Perfect example: Louise’s second cousin’s mother was 
lost in the woods as a child and ended up being raised by a family 
of friendly bears.)

All old relatives, when greeting young relatives whom they have 
not seen for a while (period can be as brief as a week), will remark 
upon the increased size of said young relatives and act like this is 
an unforgettable conversation.

Some very old relatives will speak of even older relatives with 
names like Eggbert and Effy as if this is normal.

The more relatives your family is in direct contact with, the 
greater the chances of finding someone totally awesome who, for 
instance, owns an island inhabited by wild horses and rare lizards.

THEORY OF RELATIVES 
FASCINATED BY THE WEIRDNESS OF 

HER OWN FAMILY, ARLENE EINSTORM 
HAS BEEN WORKING ON A THEORY 

OF RELATIVES THAT WOULD EXPLAIN 
EVERYTHING. SO FAR SHE HAS COME 

UP WITH THE FOLLOWING:
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Challenge 
Begins 9/21

Submission 
Deadline 11/30

Winners Announced 
and ePals Choice Voting 
Begins on or about 12/18

ePals Choice 
Awards Announced 

on or about 1/4

ePals Choice 
Voting Ends on 

or about 1/3Timeline

Challenges.Epals.com/folklife2015/the-challenge/

Sponsored by:

A Poetry Collection 
You Won’t Soon Forget!
From Jack Prelutsky’s hilarious rhymes to Walt 

Whitman’s stirring “I Hear America Singing,” Whisper 

and Shout is the perfect book for anyone who loves 

the rhythm and cadence of the spoken word.

Shop CricketMedia.com/MuseGifts

FIND 
THIS
BOOK
and more in  
our online shop!

Explore a tradition in your community  
and share it with the world.

Enter your tradition for a chance to win!
Visit Challenges.Epals.com/folklife2015/the-challenge/
for complete Challenge rules, eligibility requirements, prize descriptions, 

inspiration, and more, including entry forms. For ages 8 to 18.
No purchase necessary to enter or to win this contest. Void where prohibited.
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