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WHAT IS THE 
UNIVERSE?
–YOU ARE HERE–

Watch this video to 
understand just how big the 
universe is
 

https://www.youtube.com/watch?time_
continue=236&v=WYQ3O8U6SMY&feature=emb_logo 

You l ive on a planet  cal led Earth.
Earth is  a  part  of  our solar 
system, which includes a star 
we cal l  the sun and other 
planets.  Our solar system is  
a  t iny piece of  the Milky  Way 
Galaxy.  Our sun is  one of  the 
hundred bi l l ions of  stars in 
the Milky  Way Galaxy,  and the 
Milky  Way Galaxy is  one of  a 
hundred bi l l ion galaxies in  the 
universe!  That ’s  a  lot  of  stars 
and galaxies. 

The universe is  about  fourteen 
bi l l ion years old (you would 
need a huge cake to f i t  al l  those 
birthday candles) . 

But  how did the universe come 
to be? 



THE BIG BANG THEORY
Have you ever thought about  how everything came to exist? 
Scientists bel ieve i t  started with everything squished into 
a  t iny point .  To imagine how small  that  point  is  look at  the 
sentence “ it  started with a  bang.”  on the right .  The period 
is  so t iny i t  is  almost impossible to  see,  to  help you there 
is  a  picture of  the end of  the sentence under a magnifying 
glass.  Now imagine that  l i t t le  period cut  up a thousand 
t imes -  that  is  about  how small  that  point  was.  So much 
was packed into that  t iny space that  everything exploded 
out !  This is  how the universe born,  and to this  day the 
universe is  expanding,  or growing,  faster and faster each 
second.  But  what exactly  is  everything?

FIRST 
THERE WAS A 





Anything that  takes up space is  matter.  That  means you,  pizza,  v ideogames,  air,  oceans, 
your socks,  your pets,  and anything else you can think of  that  takes up space is  matter 
(now if  someone asks i f  something matters you can say technical ly  everything that  takes 
up space is  matter) . 

The term “mass” tel ls  you how much matter something is  made of .  For example,  a 
basketbal l  has more mass than a ping-pong bal l . 

A  small  chunk of  matter is  cal led an atom, which is  made out  of  three particles,  protons, 
neutrons,  and electrons.  These subatomic particles are made out  of  something cal led 
quarks and leptons -  to  learn more about those smaller particles check out  the resources 
sections. 

Atoms can be put  together to make molecules and compounds.  Those are big words,  so 
let ’s  do a  mini-experiment to  get  on the same page. 

The f irst  step of  our mini-experiment is  to  take a  deep breath. . .aaaaand let  i t  out . 

What did you breath in? 

I ’ l l  accept  the answers “air”  and “oxygen. ’  Air  takes up space (that ’s  why bal loons get 
bigger when you blow them up) ,  so air  is  made of  matter.  There are molecules and 
compounds in air,  or atoms that  are bonded together.  To think about  this  imagine you 
are near someone you real ly  l ike,  so you hold hands.  This is  similar to what happens in  a 
molecule or compound,  but  instead of  holding hands,  the atoms share electrons,and that 
keeps them together.  Notice on the picture to the left ,  there is  something cal led oxygen. 
Oxygen is  a  type of  atom, or element,  on the periodic table .  One oxygen wil l  bond with 
another oxygen to form an O2  molecule,  which is  what we breath in!  BONUS:  can you count 
how many protons one oxygen has (hint :  the protons are labeled as purple dots) . 

Take a look at  the compound H2O.  Have you ever heard of  that  before? This compound is 
very important  to  your l i fe  as well .  We wil l  explore this  compound on the next  page. 

– MINI-EXPERIMENT 1 –

WHAT IS MATTER? 





– MINI-EXPERIMENT 2 –

Have you ever seen the diagram on the left  before? This is  cal led the 
periodic table of  elements!  Each box represents a  type of  atom. The 
atoms in the periodic table can be combined to create al l  matter. 

Try and f ind oxygen on the periodic table .  Do you notice there is  a  big 
“O”  that  stands for oxygen in the box? Did you also notice there is  a 
small  “8”  in  the top left  of  the box? This tel ls  you how many protons 
oxygen has.

Which element has the least  amount of  protons? I f  you said hydrogen 
you’d be correct !  Hydrogen only  has one proton.  Notice that  in  the box 
for hydrogen there is  a  big “H.” 

So here’s a  big question:  What does H2O actual ly  mean? Well  the “H” 
must stand for hydrogen (that ’s  why there is  a  big “H” in  hydrogen’s 
box) ,  the “2”  must mean there’s two of  them, and the “O”  stands for 
oxygen.  So,  H2O is  a  compound that  has two hydrogen atoms bonded 
to an oxygen atom! Take a moment to look back at  the picture of  the 
compounds,  take a  look at  H2O.  Can you tel l  what is  hydrogen and 
what is  oxygen? 

Bonus:  Look at  each of  the elements in  the periodic table .  Do any 
sound famil iar? Can you think of  where you have seen these elements 
in  your dai ly  l i fe? For example,  I  notice gold is  on the periodic table, 
and I  know jewelry is  made out  of  that  element!

To view a bigger version of this 
Periodic table visit: 

https://sciencenotes.org/kids-periodic-table/



NOW WE KNOW ABOUT

BUT WHAT IS 

DARK MATTER?
The short  answer is ,  no one knows!  Scientists are working very hard to study 

dark matter to f ind out  what i t  is .

But  wait? How do we know dark matter exists i f  we don’t  even know what i t 
is? I t  al l  goes back to matter.

We l ive on a planet  cal led Earth,  the Earth takes up A LOT of  space and has 
A LOT of  mass.  Things that  have a lot  of  matter,  or a  high mass,  wil l  have a 

gravitat ional  pul l .  Gravitat ional  pul l  is  a  big science term that  means gravity !

Have you ever heard of  gravity?

Take something next  to  you (a  penci l ,  eraser,  napkin,  nothing that  breaks 
easi ly) ,  hold i t  over the ground,  and let  go. 

What happened? You probably  noticed the i tem you dropped fel l  to  the 
ground!* Why did this  happen? Well ,  Earth has so much mass,  or matter, 

that  i t  pul ls  everything toward the ground.  This is  why we don’t  f loat  off  into 
space.  The word for this  force is  cal led gravity .

– MINI-EXPERIMENT 3 –

*Bonus: if  you did this experiment on the moon would you get the same result? Hint:  the moon has a lot 
less mass, or less matter, than th Earth. 



GRAVITY MAKES THE WORLD 
GO ‘ROUND - LITERALLY

The sun also takes up a lot  of  space and has a high mass,  which means it  has a 
gravitat ional  pul l  on the Earth.  In  other words the sun pul l  the Earth close to i tself , 
but  instead of  col l iding with the sun the Earth zips around the side so fast  that  we 

almost go f ly ing into space!  Lucky for us the sun’s gravitat ional  pul l  wil l  pul l  us 
back.  This perfect  balance of  speed and gravitat ional  pul l  makes the Earth travel  in 

an oval  path around the sun,  scientists cal l  this  an orbit . 

Remember there are hundreds of  bi l l ions in  the Milky  Way Galaxy,  and hundreds of 
bi l l ions of  other galaxies each with bi l l ions of  stars in  them. That  is  a  lot  of  matter 

out  in  outer-space!  Al l  this  matter has gravity  that  pul ls  on other matter. 

Al l  these stars give off  l ight ,  so for a  long t ime,  scientists assumed that  most of  the 
matter in  the universe would glow l ike stars.

Notice in  this  picture you can actual ly  see planets in  our solar system from Earth,  sometimes without 
a  telescope,  because they give off  l ight .  You can use the app Stel larium or visit  https://stel larium-web.

org/ to see what constel lat ions,  stars,  and planets you can see where you l ive throughout the year. 



ENTER FRITZ ZWICKY

Zwicky was a Swiss astronomer and in  1933 he studied a group of  galaxies cal led 
“The Coma Cluster.” 

Zwicky’s research question: 
If  the galaxies are moving really fast (faster than gravity can pull 

them together), then why don’t the galaxies fly apart?  

This  was a hard question,  but  Zwicky was determined to f igure out  why the galaxies 
stayed together without  f ly ing apart  or blobbing together.  Zwicky did the math and 
discovered an even bigger mystery.  He found that  the galaxies were moving too fast 
(about  1000 km/s)  to  stay together,  and yet  the galaxies were clustered. 

This seemed impossible!  Zwicky determined there must be extra matter that  we 
can’t  see that  is  pul l ing the galaxies together with gravity  so they don’t  f ly  apart . 
Zwicky cal led this  matter “dark matter.”  In  fact  he found that  there is  much more 
dark matter than normal  matter. 



In  1970 Vera Rubin and Kent  Ford worked together to f ind evidence 
of  dark matter.  Rubin discovered that  stars on the outside of  a  galaxy 
move just  as fast  as the stars in  the middle of  a  galaxy,  when scientists 
had always thought that  stars in  the middle would move faster!  Rubin 
discovered there must be dark matter pul l ing on the stars on the 
outside of  the galaxy that  makes them move faster. 

“We have peered into a  new world and have seen that 
i t  is  more mysterious and more complex than we had 

imagined.  St i l l  more mysteries of  the universe remain 
hidden.  Their discovery awaits the adventurous 

scientists of  the future.  I  l ike i t  this  way.”

— Dr. Vera Rubin
   Astronomer

VERA RUBIN & KENT FORD



HOW MUCH DARK MATTER 
IS THERE?

DARK ENERGY

DARK MATTER

MATTER WE KNOW ABOUT
Everything on Earth,  atoms,  the Sun, 
galaxies,  etc .

Dark energy is  mysterious l ike dark 
matter.  Scientists think  dark energy 
is  what makes the universe expand, 
or grow, faster and faster instead of 
slowing down.

To help think about  how much dark matter and dark 
energy there is ,  imagine a jar ful l  of  100 jel lybeans. 
95 of  those jel ly  beans would be black,  these jel ly 
beans would represent  dark matter and dark energy. 
Then the other 5 jel lybeans would represent  the 
matter we know about,  and that  you see everyday.

Take a moment to think about  this .  Everything you can 
think of :  stars,  Earth,  your best  friend,  galaxies,  only 
make of  5% of  al l  matter out  there.

Dark matter is  very mysterious,  but  i f  one thing is 
certain,  there is  a  lot  to  learn.  You could even be the 
scientists to  solve the puzzle!

5%5%

24%24%

71%71%

– IMAGINE –

You will need: 

Watch someone make a jel lybean universe here: 
https://www.youtube.com/watch?v=UDfG69K5t6k



EXPERIMENT TIME!
You’ve read a lot  about  matter and dark matter.  Let ’s  do some fun 

experiments to understand dark matter better.

– EXPERIMENT 1 –
UNIVERSE IN A BOTTLE

You will need: 
• 2 empty water bottles
• Small household items like 

beads, buttons, or coins that 
fit into the bottles.



Step 1:

Step 2:

Add the beads, coins, and or buttons to each water 
bottle. Be sure to add the same amount to both.

Once you have the items 
in the bottles, fill one 
bottle full of water and 
put the cap on.

Ful l Empty



Step 3:

Hold one bottle in each 
hand. Swirl the beads 
in each bottle. What do 
you notice? Which bottle 
contains more mass (hint: 
the bottle with more mass 
will be heavier).

Ful l Empty
Notice that  both bott les contain beads,  and both are f i l led with a  clear matter (one 
is  ful l  of  air,  and one is  ful l  of  water) .  Even though both are clear,  and hard to see, 
the bott le  f i l led with water has more mass and matter inside!  This “ invisible*” 
matter (water)  has an effect  on the beads because they move more slowly 
thorough the water than in  the air.

The bott le  f i l led with water shows what dark matter is  doing in  our universe! 
The water acts l ike the dark matter.  In  our experiment the water is  hard to 
see because i t  is  clear,  this  is  l ike dark matter,  which is  completely  invisible 
to  us.  However,  we know that  the water is  in  the bott le  because the bott le  is 
heavier than the bott le  that  contains air,  and we also notice that  the beads move 
dif ferently  in  the bott le  that  contains water.  This is  also l ike dark matter because 
in  space dark matter causes galaxies and stars to move in  ways that  wouldn’t  be 
possible without  the gravity  from dark matter’s  large mass. 

* Technical ly  water is  not  invisible,  but  for our 
example let ’s  pretend that  “hard to see” is  close 
enough to invisible .  In  the picture to the right  i t  is 
quite  hard to tel l  which bott le  is  f i l led with water.

Photo credit :  https://www.jpl .nasa.gov/edu/teach/activity/how-do-we-see-dark-matter/



– EXPERIMENT 2–
GRAVITATIONAL LENSING

You will need: 

1. Do not use the sun or a laser pointer as your light 
source. Staring at these will damage your eyes.

2. You must have a grown-up help you if using a 
candle as your light source. 

!!! WARNING !!! 

• A drinking glass 
 

• A light source  

A glass with a  round bottom wil l  work best , 
but  the experiment wil l  work either way.  

Try using your T V,  an LED l ight ,  or l ight-bulb.



Turn on your light source, and look at it through 
your glass. What do you notice?

Watch this video to 
learn more about 
gravitational lensing:
h t t p s : / / w w w . y o u t u b e . c o m /
w a t c h ? v = 4 Z 7 1 R t w o O a s

Bonus: 
Tr y  d o i n g  t h i s 
e x p e r i m e n t  w i t h  a 
p h o t o g r a p h 
 
P h o t o  c r e d i t :  h t t p s : / /
a s t r o c a m p s c h o o l . o r g / g r a v i t y /

Right  away you can see that  the glass distorts,  or changes the shape of ,  the 
l ight .  Dark matter acts l ike the glass in  out  example.  Photos from telescopes 
show that  l ight  coming from distant  stars and galaxies are distorted,  even 
though there shouldn’t  be anything in  the way of  the telescopes.  This happens 
because dark matter,  which is  invisible  to  us,  is  in  the way causing the l ight  to 
bend and change shape.  Scientists cal l  these shapes “Einstein Rings.” 
 
The Hubble Telescope photos on the right  show pictures of  large galaxies that 
are about  2 to 4 bi l l ion l ight  years away.  Notice the galaxy is  a  yel low color in 
the middle of  the bul lseye shape.  The blue ring is  gravitat ional  lensing caused by 
dark matter distorting the l ight . 
 
Photo credit :  h t t p s : / / h u b b l e s i t e . o r g / c o n t e n t s / m e d i a / i m a g e s / 2 0 0 5 / 3 2 / 1 7 8 8 - I m a g e . h t m l ? n e w s = t r u e



FUTURE DISCOVERIES!
THE LARGE SURVEY 

SYNOPTIC TELESCOPE 
(LSST)

PAUL O’CONNOR JUSTINE HAUPT ANDREI NOMEROTSKI
Paul ,  Justine,  and Andrei  are scientists and engineers at  Brookhaven Lab.  They 
worked together to bui ld  the camera (pictured on the right)  for the world’s  newest 
research telescope,  the LSST (pictured at  the top of  the page) .  One of  the main goals 
of  the LSST is  to  study dark matter and dark energy by mapping galaxies through 
t ime and space. 

The LSST camera is  very dif ferent  from cameras you 
have seen.  The LSST camera is  a  3200 megapixel 
camera (an IPhone 11 has a 12 mega pixel  camera) . 
The camera is  the size and weight  of  a  small  SUV. 
Each picture taken by the camera wil l  be the size of 
40 ful l  moons,  and the LSST wil l  take pictures of  37 
bi l l ion stars and galaxies. 



ANDREI NOMEROTSKI

FINDING DARK MATTER 

P a u l ,  J u s t i n e ,  A n d r e i  a n d  m a n y  s t u d e n t s  a l s o  b u i l t  a  s m a l l e r  r a d i o  t e l e s c o p e  a t 
B r o o k h a v e n  L a b .  T h i s  r a d i o  t e l e s c o p e  i s  d i f f e r e n t  f r o m  m o s t  b e c a u s e  i t  l o o k s  a t 
l i g h t  t h a t  w e  c a n ’ t  s e e  w i t h  o u r  e y e s  c a l l e d  r a d i o  w a v e s ,  w h i c h  a r e  g i v e n  o f f  b y 
h y d r o g e n  a t o m s  i n  d i s t a n t  g a l a x i e s .  T h i s  t e l e s c o p e  c a n  g e t  d i f f e r e n t  i n f o r m a t i o n 
t h a n  t h e  L S S T  t o  s t u d y  d a r k  e n e r g y . 



 

BROOKHAVEN LAB’S 
STELLAR SCIENTISTS

Meet Erin Sheldon! 
Erin studies dark 
matter and dark 
energy using 
gravitat ional  lensing, 
which we learned 
about in  experiment 2.

This is  Anže Slosar, 
he also studies dark 
energy as well  as the 
curvature of  space.

Both Anže Slosar and Erin Sheldon will 
study data from the LSST telescope.

 



BONUS ACTIVITIES!

P l a y  t h e  “ S p a c e  F o r e n s i c s ”  v i d e o  g a m e  t o 
l e a r n  m o r e  a b o u t  d a r k  m a t t e r : 
https://imagine.gsfc.nasa.gov/educators/programs/spaceforensics/

W a t c h  t h i s  c o m i c  t h a t  i n t e r v i e w s  p e o p l e 
s t u d y i n g  d a r k  m a t t e r : 
https://www.youtube.com/watch?v=8kCtiOS_F_M

To  l e a r n  m o r e  a b o u t  t h e  m a s s  o f  d a r k 
m a t t e r  p l a y  “ T h e  M y s t e r y  o f  D a r k  M a t t e r ” 
g a m e : 
https://www.perimeterinstitute.ca/dark_matter_game/index.html

To  e x p e r i m e n t  w i t h  d a r k  m a t t e r  i n  a  v i r t u a l 
g a l a x y  p l a y  t h i s  g a m e : 
http://highered.mheducation.com/olcweb/cgi/pluginpop.cgi?it=
swf: :100%2525: :100%2525: :/sites/dl/free/0072482621/78778/
DarkMatter_Nav.swf: :Dark%2520Matter%2520Interactive

I f  y o u  l o v e  l e a r n i n g  a b o u t  t h e 
u n i v e r s e ,  r e a d  “A s t r o p h y s i c s 
f o r  Yo u n g  P e o p l e  i n  a  H u r r y ” 
b y  N e i l  D e G r a s s e  Ty s o n 
( a v a i l a b l e  f o r  f r e e  o n  l i b r a r y 
a p p  L i b b y ) .



RESOURCES

LOOK FOR US ON SOCIAL MEDIA:

•  D a r k  M a t t e r  D a y  r e s o u r c e s  f o r  p a r e n t s  a n d  e d u c a t o r s 
h t t p s : / / w w w . d a r k m a t t e r d a y . c o m / e d u c a t i o n a l - r e s o u r c e s - d a r k - m a t t e r -
d a y /

•  M o r e  a s t r o p h y s i c s  a c t i v i t i e s : 
h t t p s : / / i m a g i n e . g s f c . n a s a . g o v / f e a t u r e s / y b a /

•  D a r k  M a t t e r  f o r  K i d s : 
h t t p s : / / k i d s . f r o n t i e r s i n . o r g / a r t i c l e / 1 0 . 3 3 8 9 / f r y m . 2 0 1 7 . 0 0 0 2 9

•  W h a t  i s  D a r k  M a t t e r : 
h t t p s : / / s p a c e p l a c e . n a s a . g o v / d a r k - m a t t e r / e n /

•  D a r k  M a t t e r  V i d e o  f r o m  F e r m i l a b : 
h t t p s : / / w w w . y o u t u b e . c o m / w a t c h ? v = o P N r c K e q b B M

•  W a t e r  B o t t l e  A c t i v i t y  R e s o u r c e : 
h t t p s : / / w w w . j p l . n a s a . g o v / e d u / t e a c h / a c t i v i t y / h o w - d o - w e - s e e - d a r k -
m a t t e r /

•  L S S T: 
h t t p s : / / w w w . l s s t . o r g / s c i e n c e / d a r k - m a t t e r

•  G r a v i t a t i o n a l  L e n s i n g  A c t i v i t y : 
h t t p s : / / a s t r o e d u . i a u . o r g / e n / a c t i v i t i e s / 1 7 4 8 / d a r k - m a t t e r - d a r k - e n e r g y -
p a r t - 2 - u n d e r s t a n d i n g - t h e - n a t u r e - o f - d a r k - m a t t e r - a n d - d a r k - e n e r g y /

•  Ve r a  R u b i n : 
h t t p s : / / w w w . y o u t u b e . c o m / w a t c h ? v = p k r l j G U J O PA 
h t t p s : / / w w w . n p r. o r g / s e c t i o n s / t h e t w o - w a y / 2 0 1 6 / 1 2 / 2 6 / 5 0 7 0 2 2 4 9 7 /
v e r a - r u b i n - w h o - c o n f i r m e d - e x i s t e n c e - o f - d a r k - m a t t e r - d i e s - a t - 8 8

@ b r o o k h a v e n l a b 
 
# B r o o k h a v e n S c i E d
 


