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When the can is inverted over the cold water, the steam instantly condenses into water.  The 
water occupies a much smaller volume than the steam did, resulting in much less pressure inside 
the can.  With nothing on the inside to balance the outside pressure the can will implode (like the 
core of a star collapsing). 
 

 
 

This is sort of like what happens in a supernova, the end of the line for large stars.  The star 
collapses when the two forces that were balancing each other – pressure outwards from the 
energy generated at the center countering the force of gravity inwards – are no longer in 
equilibrium. 
 

 
 

The central core of the star collapses (similar to the implosion of the can) and the material in the 
rest of the star starts to fall onto this core.  It rebounds and sends the material in the star 
flying out.  This is what is called a supernova explosion and the power of this rebound effect can 
be seen in the next demonstration.  Supernovae do a very important job in the Universe – the 
explosion sends all those elements out into space and makes new elements with its energy. 
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IV. Getting from an Implosion to an Explosion (approximately 5 minutes) 
 
So we saw that the can imploded because the pressure inside the can disappeared. So why do we 
get an explosion?  
 
Here we have a cool plastic sphere (show them the Hoberman sphere), and we can use it to 
simulate the imploding core of a star. (Open the sphere all the way, and then let it collapse under 
its own gravity. – You can have a student do this.) So what happened after the sphere collapsed? 
That is right, it “bounced” at the end.  (The bounce can be a little difficult to see.  You’ll probably 
want to show them the collapse and bounce a few times.) It started to collapse, but then the 
collapse stopped because stuff falling in from one side collided with the stuff falling in from the 
opposite side. 

 
V. Mass Ejection (approximately 10 minutes) 
 
How does the material from the interior of a star find its way out? 
 
Now the core of star collapsed, and then bounced when it collided with itself. But a star is made 
up of more than merely a core, it also has an atmosphere like the Earth, only much thicker. So 
when the core collapses, what happens to the atmosphere?  
 
Demonstration of Atmosphere Ejection 
(adapted from http://chandra.harvard.edu/graphics/edu/formal/demos/ejection.pdf) 

(You can let students try this, but be careful with the tennis ball’s rebound!) 
 
First drop the tennis ball and basketball individually on the floor so that the 
students can see how far above the floor the basketball and the tennis ball 
rebound. Then place the tennis ball on top of the basketball and hold them out in 
front of you. Let go of both balls at the same time so that they fall towards the 
floor together. When the two balls hit the floor the tennis ball will suddenly 
rebound with enough energy to hit the ceiling.   
 

 
 
Related Physics: The basketball represents the outer part of the core – Be careful 
that the students know what you mean.  They might think that the basketball is the 
core, and the core somehow falls as a whole or moves in some direction. Also, 
explain that the smaller ball represents the atmospheric layers of a star.  Students 
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probably haven’t thought about atmospheres in terms of stars, and we don’t want 
them to come away with the idea that stars have clouds and air around them!). 
 
When the core of the star implodes it contracts catastrophically, just like the 
imploding can. At the end of the contraction the material in the core comes 
together with such a large amount of force that it rebounds. As the core contracts, 
all the outer atmospheric layers are also contracting and following the core. They 
are less dense and take a little longer to contract than the core. When the core 
(basketball) rebounds, the atmospheric layers (tennis ball) are still in-falling 
towards the core. The rebounding core meets the incoming atmospheric layers with 
enough energy to literally blow the atmospheric layers away from the star due to 
the transfer of momentum from the basketball to the tennis ball. This is the 
supernova explosion.  
 

V. Wrap-up (approximately 5 minutes) 
 

• Not all stars will end their lives in a spectacular supernova. Without help, only the ones 
that are massive enough to try and fuse iron will do so.  

• Every star is fighting against gravity, and they start doing this using the energy released 
by fusing hydrogen into helium. Some stars will only get this far, and those will end up 
fighting gravity the same way the ground fights gravity, keeping us from falling to the 
center of Earth.  

• Other stars can get hot enough to fuse helium, etc.  The hottest/most massive stars will 
get to the point where they have an iron core, but this is a problem because iron doesn't 
fuse and stars are too massive to be supported any other way. 

• There is a sudden drop in the core pressure of a massive star, and the whole thing will 
start to implode. Stuff in the core and bottom of the atmosphere will "bounce" when it 
meets other stuff falling in from the other side, and this bounce will cause the outer 
layers of the atmosphere to violently explode (fly outward). In the remaining core, the 
neutrons might be able to hold up what's left. This is what's called a neutron star, and it 
can be observed in the X-ray wavelengths. If the remainder of the core is too massive 
even for neutrons, it will become a black hole.  

• (Most stars have companion stars. Sometimes yellow stars can become supernovae if they 
have a companion which helps them by adding more mass – the same way you can collapse a 
table if you pile up enough stuff on it.) 

 
 
Supplementary Information 
 
WARNING - Most of this is at a higher level than should be needed and is only for extra 
information for the further understanding of the instructor, answering questions, or adapting 
to a more mature audience. 
 
SPECTRAL TYPES: 



D
ra
ft

BESG Manual – Summer 2009 51

*** If you mention the names of the spectral types, the students might ask about OBAFGKM. 
***Astronomers classify stars by their spectra – the colors of light they emit.  Most stars 
actually emit many kinds of light, but a star can look one color, because that is the brightest 
part of its spectrum.  When people first started looking at the spectra of stars, they looked 
especially at the amount of light coming from Hydrogen.  They called the stars with the most 
Hydrogen emission type A, then type B, C, and so on.  Later, people realized that thinking of 
classes of stars by what color they were made more sense and gave more information, because 
the bluest are also the hottest, brightest, and most massive, while the reddest are the 
coolest and least massive.  So, the classes (A, B, C…) were reordered, and some of them 
dropped out, and we ended up with OBAFGKM (from blue to red, hot to cool, high mass to low 
mass).   
 
Some kinds of stars or other astronomical objects are brightest in colors that we cannot see 
with our eyes, but that does not mean that they do not put out some light in the optical.  
(They may have talked about different kinds of light in the Rainbow Analysis Activity.)  
Astronomers have special cameras and telescopes that can look at different kinds of light to 
study different astronomical objects.  Sometimes people also use these cameras on Earth.  
“Night Vision Goggles” might let people see infrared light. 
 
FUSION Processes : 
This table shows simplified versions of the fusion processes that occur in different mass 
stars.  The colors mostly correspond to the colors in the table Stellar Life Cycle section of 
this description.   However, violet in the Stellar Life Cycle table represents the very largest, 
hottest, most massive stars.  Here, violet represents the end stage of these very massive 
stars, in the Super Nova collapse. 
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Red stars are the coolest and can only fuse Hydrogen to Helium (also some Lithium, Beryllium, 
and Boron).   
 
*** Students are likely to ask what will happen to the Sun.  Here is a bit more than is included 
in the main description *** Stars of intermediate are yellowish (like the Sun) and can fuse 
Hydrogen to Helium and then fuse to Carbon, Nitrogen, and Oxygen (also some Lithium, 
Beryllium, and Boron).  Stars with masses less than about 1.44 times the mass of the Sun 
“explode” and become Red Giants.  The part that collapses cannot fuse past Carbon, Nitrogen, 
and Oxygen, so it collapses more.  Eventually, it stops collapsing because of laws dealing with 
electron energy states.  
The very hottest stars appear Blue and can continue the process of fusion (in shells, as 
described in the Elements and You activity) until they fuse to Iron in their cores.   
 
Iron is the most stable element, so it is very difficult to fuse into more massive elements.  
More energy is needed to start the process than comes out of the fusion.  These fusions do 
occur sometimes in the cores of stars, but their net result is to absorb energy rather than 
release it.  They cannot happen very often, and they definitely cannot make a star shine.  We 
know they happen once in a while, because we have elements that are heavier that Iron (which 
is only number 26 on the Periodic Table).  This is why these heavier elements are so rare in 
the universe (on average). 
 
Once the core of one of these very massive stars has enough Iron, the core cannot support 
the weight of the outer parts of the star, and collapse occurs as described above.  The 
collapse adds energy to the left over core of the star.  This makes the electrons and protons 
in the Iron atoms combine to form neutrons (the Violet step in the table above).  Since 
neutrons are much smaller than the Iron atoms as a whole, the whole thing collapses even 
more. 
 
Stars that are heavier than about 3 Solar masses become Black Holes.  There is so much 
pressure and energy in these collapses that they overcome the neutron degeneracy pressure, 
pushing the neutrons closer and closer together, until there is no pressure pushing outward to 
fight the gravitational pressure that pushes inward. When this balance of pressure is 
unbalanced, the star explodes.  Depending on its mass, it can become either a supernova or 
other type of stellar remnant.    
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 Black Holes in Orbit Talking Points 
 
 
These are some ideas for how to get the discussion rolling at the beginning of this session.  Ask 
the questions (or ones of your own) and see what their ideas, preconceptions, and level of 
knowledge are. 
 
 
Questions to ask: 
 
What do you know about black holes? 
 
Briefly introduce the concept of a black hole as an object that has a huge mass but is very small 
(i.e. has incredibly high density).  Imagine the mass of a star, but scrunched into the size of a 
city. 
 
Why are black holes black? 
 
If black holes are black and space is black, how do we find them? 
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Black Holes in Orbit 
 
 
 

Summary 
 
Students are introduced to the basic properties and behavior of black holes through a brief 
discussion, including how it might be possible to detect black holes through their interaction with 
other stars.  Then they “act out” binary star systems in pairs, walking slowly around one another 
in a darkened room with each pair holding loops of wire to simulate the gravitational interaction.  
Most of the students play the part of stars and are wearing glow stick necklaces to symbolize 
this.  The students who are not wearing necklaces play the part of black holes.  A small set of the 
black holes have flashlights, which represent X-ray emissions. 
 
 

Purpose 
 
To teach some of the properties of black holes and how they interact with normal stars. 
 
 

Audience 
 
Approximately 20 students (grade range 6th-9th) in a group works well 
 
 

Objectives 
 

♣ To learn the basic properties of black holes, including: 
♦ Escape velocity 
♦ Gravitational interactions 
♦ Accretion disks 

♣ To consider black holes less mystifying 
♣ To brainstorm ways to observe objects or phenomena which cannot be seen directly 
♣ To be introduced to basic X-ray physics  

 
 

Badge Requirements 
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♣  

 
 

Materials 
 

♣ 1 tennis ball 
♣ 5-6 loops of heavy gauge wire, ~ 36 inches in circumference 
♣ 5-6 loops of heavy gauge wire, ~ 60 inches in circumference 
♣ glow stick necklaces  
♣ 6 flashlights and batteries 
♣ red cellophane to cover flashlight lenses 
♣ tissue paper party decorations – 2 large (~ 8 inch diameter)  balls, 1 large (~ 24 inch 

diameter) disk 
♣ room with adequate space to move around for the activity 
♣ Dark room 
 

 
 
 

Preparation 
 

1. Wire loops: approximately 10 minutes  
Cut and shape the wire into 5-6 medium sized loops (approximately 36 inches in 
circumference) and 5-6 large loops (approximately 60 inches in circumference).  Make a 
figure 8 shape with both loop sizes, attaching two of the same size together.  The 
students will use this to simulate the gravitational pull at different distances between 
stars and black holes.    
 

2. Flashlights: approximately 5 minutes  
Cover the lenses of the flashlights with cellophane or tissue paper, and tape this into 
place. 
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3. Darken the room: variable 
The room should be capable of going from brightly lit to dark so that the glow stick 
necklaces can be seen effectively.  Sometimes this means lights or light leaks must be 
covered.  Dark black plastic trash bags and duct tape have proved useful for this.  
 

 

Activity  
 
This activity can be completed in 45 minutes. A sample script and flow of discussion follows. 
 
I.  Discussion: What is a Black Hole? (approximately 15 minutes) 
 

i. The concept of an orbit:  
If an object orbits another object, it goes around that object in a fairly fixed circle or 
oval.  The Moon orbits the Earth.  Earth and the other planets orbit the Sun.  Sometimes 
two stars orbit each other.  When this happens, we call them binary stars.  Roughly half of 
the stars visible in the sky are binary stars, so this is relatively common.  You can 
demonstrate the idea of an orbit using the two round party decorations (or any other 
round objects). 

 
ii. Escape velocity: 

Use the example of a tennis ball to help explain this concept.  If you toss a tennis ball in 
the air, it falls back down to the ground.  If you toss it a little bit harder and faster, it 
takes a bit longer to fall back down to the ground.  Theoretically, if you could toss this 
tennis ball hard enough and fast enough, it would not fall back down.  The illustration below 
of a cannonball being shot from a tower also illustrates this idea.  As the cannonball is shot 
with more speed and force, it goes farther and farther.  Eventually, with enough speed and 
force, the cannonball goes into orbit.  With even more force than that, the cannonball 
escapes entirely.   The minimum speed that anything must be going in order to escape an 
object’s pull is known as the escape velocity, and it varies depending on the mass of the 
object.  The speed you would have to throw the tennis ball on the Moon is less than the 
speed you would have to throw it on the Earth because the Moon is smaller and less 
massive than the Earth.  Likewise, the escape velocity for the Sun is much greater than 
the escape velocity for the Earth because the Sun is much more massive than Earth. 
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iii. What is a BH?  

A BH is an object so massive that the escape velocity is greater than the speed of light.  
This means that nothing, not even light, which is the fastest thing in the universe, can ever 
escape from inside a BH.  The fact that no light can escape from these objects is why we 
call them black holes. 

  
iv. How would you observe a BH? 

If not even light can escape a BH, then how can we know they’re there?  After all, space 
looks black as well.  The primary way that we observe BHs is by the effects of gravity.  If 
a star in a binary star system becomes a black hole, it will still have another star orbiting 
around it.  When we observe such a star apparently orbiting around nothing that can be 
seen, we can assume that there is a BH there.  We will be doing an activity to demonstrate 
this idea. 

 
v. What is an accretion disk? 

Though BHs are not cosmic vacuum cleaners that wander around the universe sucking 
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things up, their gravitational pull does cause nearby material to be pulled in.  This effect is 
most pronounced when the BH is orbited by another star.  As material spirals in towards 
the BH, a disk is formed.  [You can use the tissue paper disk and ball to illustrate an 
accretion disk and an orbiting star.]  The materials in this disk interact with each other, 
and as they do, friction causes them to become very, very hot.  This causes light to be 
emitted, usually in the form of x-rays.  Since this light is generated by material around 
the BH, not actually in the BH, this light can escape, and we can detect it, giving us 
another way of detecting a BH.  At the end of this session there is an image of an artist's 
conception of an accreting black hole that can help with student visualization of an 
accretion disk. 

 

 
 
 
II. Kinesthetic Activity (approximately 20 minutes) 
 

In this activity, students will play the part of stars and black holes, and observe how 
astronomers might be able to detect these objects, even though no light escapes from them.  
The numbers below assume a group of 25.  You should adjust the numbers accordingly for the 
size of group and the space that you have.   
 
It might be worthwhile to have some of the students on the sidelines as observers, and then 
have them switch with the participants, to give everybody a chance to both observe and act 
out a role.  It is also useful to have a helper stationed by the light switch who can make the 
room go dark at will. 

 
1. Demonstrate an orbit for the purposes of this activity by having two volunteers hold onto 

opposite ends of a figure-eight wire, pull it apart, and circle around each other.  
 
2. Have 16 of the students wear glow stick necklaces.  These students are “stars.”  The rest 

of the students will not wear the necklaces, and will therefore be invisible in the dark; 
they will be the “black holes.” 
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3. Divide the students up roughly as follows: 

 
3 of the students will be normal stars, without a pair, moving through the galaxy.  5 pairs 
of students will be normal binary star pairs orbiting around each other.  5 of the students 
with necklaces will pair with 5 students without necklaces to be normal star & BH binaries.  
The remaining 2 students without necklaces will be BHs without a pair. 
 

4. Each pair (whether a pair of normal stars, or a star and BH pair) should be given a figure-
eight wire.  These wires come in different sizes to represent differences in how closely 
objects orbit each other.  Any BHs who are paired with a star using the smaller sized 
figure-eight wire should be given a flashlight.  One of the unpaired BHs should also be 
given a flashlight. 

 
5. Explain that the lights will be turned off and each pair of students will orbit each other.  

The unpaired students will move slowly around the room on their own.  Make sure you tell 
all the students to circle or move slowly so as to avoid injuries.  Tell them that the 
flashlights should stay off until a signal is given.  Practice the activity once with the lights 
on. 

 
6. Turn the lights off and run through the activity.  Have the students observe what happens.  

They will be able to see the ‘stars’ because the glow stick necklaces give off light.  The 
‘BHs,’ however, will be invisible (this is most dramatic when you can fully darken the room).  
Whenever a BH is paired with a normal star, they will be able to see the star going around 
something, but they will not be able to see what.  This is what happens with BHs in space. 

 
7. When you are ready, give a signal, such as saying “Turn on your x-ray detectors.”  At this 

signal, those students with flashlights should turn them on.  Everybody should now be able 
to detect the x-rays emitted by the accretion disks around some BHs.  The idea here is 
that with the closer binary systems, the star and BH are close enough for accretion to 
take place, i.e. the star “donates” some of its mass to the BH, and X-rays are emitted.  
This demonstrates a second way that scientists can detect BHs. 

 
III.  Wrap-up (approximately 10 minutes) 
 

Ask them questions based on this activity.  Probe whether they now understand what a BH is 
and how we detect them.  While the leader does this, the helpers should go around and collect 
the flashlights and wire loops used in the activity.  
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Appendix A: Materials Checklist 
 

 

This checklist will help you assemble and review your supplies for each session.  Quantities 
of each item are not listed, as that will be determined by the size of your group.  
Additional details about the materials needed are available in the session write-ups. 
 
 

Elements and You 
 

 Examples of a pure elements (copper, aluminum, lead, etc.) 
 Pound cake 
 Knife  
 Napkins or paper plates  
 Large periodic table to display 
 Large mixing bowl 
 Rice 
 Unpopped popcorn 
 Macaroni 
 Uncooked beans 
 Uncooked black-eyed peas 
 Multi-colored cake decorating sprinkle shapes 
 Scoops or Dixie cups 
 Trail mix key  
 Bottle key  
 Red modelling clay  
 Yellow modelling clay  
 Orange modelling clay 
 Green modelling clay 
 Blue modelling clay 
 Model star clay colors key 
 Trash can or trash bag 

 
 

Rainbow Analysis 
 



D
ra
ft

BESG Manual – Summer 2009 64

 Paper towel tubes 
 Aluminum foil 
 Masking tape  
 Diffraction grating  
 Example spectrum (poster, etc) 
 Discharge lamps (optional) 
 Completely blacked-out room (optional) 

 

 

Supernova Explosion 
 

 Colored balloons  
 Empty soda cans 
 Hot plate (or Bunsen burner and screen/ring setup) 
 Heavy oven mitts or tongs 
 Large bowl 
 Cold water 
 Hoberman sphere 
 Basketballs 
 Tennis balls 

 

 

Black Holes in Orbit 
 

 Tennis ball 
 36 inch circumference loops of heavy gauge wire 
 60 inch circumference loops of heavy gauge wire 
 Glow stick necklaces 
 Flashlights with batteries  
 Cellophane or tissue paper to cover flashlight lenses 
 Tissue paper party decorations 
 Room with adequate space to move around 
 Completely blacked-out room (optional) 
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Appendix B: Shopping Suggestions 
 
The activities in Big Explosions and Strong Gravity are designed to utilize readily accessible 
materials – most items can be purchased at a supermarket, mass merchandiser, or craft 
store.  A few items are exclusively available through specialized suppliers, and this section 
provides detailed information about purchasing.  This should be taken as suggestion only, and 
by no means as an exhaustive list. 
 
 

Elements and You 
 
This session uses examples of pure elements to guide student discussion about what an element is 
and what the differences between elements are.  The simplest way to do this is to buy one of the 
science density kits that are out there and include cubes or cylinders of the same size made out 
of different metals (or alternately of the same mass and therefore different size, but having one 
of these remain constant will help with the comparison).  Most of these kits will include materials 
that are not examples of elements, so this is something to watch out for. 

 
♣ Uniscience Laboratories (http://www.unisciencelab.com/) has several options that will work 

with only the inclusion of brass as a non-element (look under Mechanics and then Cubes and 
Cylinders). 

 
♦ Metal Cubes 

 10 mm sides 
• 3510-11: Aluminum 
• 3510-12: Brass 
• 3510-13: Copper 
• 3510-14: Iron 
• 3510-15: Lead 
• 3510-16: Zinc 
• 3510-01: Set of 6 

 20 mm sides 
• 3510-21: Aluminum 
• 3510-22: Brass 
• 3510-23: Copper 
• 3510-24: Iron 
• 3510-25: Lead 
• 3510-26: Zinc 
• 3510-02: Set of 6 
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 25 mm sides 
• 3510-03: Set of 6 

 32 mm sides 
• 3510-04: Set of 6 
• 3520-01: Aluminum (with hook) 
• 3520-02: Brass (with hook) 
• 3520-03: Iron (with hook) 
• 3520-04: Lead (with hook) 
• 3520-05: Copper (with hook) 
• 3520-06: Zinc (with hook) 

 
♦ Cylinders 

 3523-00: Set of 5 (aluminum, lead, copper, brass, and zinc) of same mass and 
diameter but NOT length 

 3525-01: Set of six 10 x 33 mm cylinders 
 3525-02: Set of six 10 x 40 mm cylinders 

 
 

♣ Science Kit and Boreal Laboratories (http://sciencekit.com/) has a set of equal mass (but 
not equal size) cubes in copper, aluminum, zinc, iron and brass. 

♦ Item #: WW4800900 
 
 

Rainbow Analysis 
 
This session requires diffraction grating, a thin plastic film available from Learning Technologies 
or Educational Innovations.  See contact information above.  Purchase at least 1 square inch per 
spectroscope.   
 
Learning Technologies Item:  

♣ PS-08A: Holographic Diffraction Grating (2 sheets, each 5 x 5 inch) 
 
OR 
 
Educational Innovations Item:   

♣ PG-400: Single Axis Diffraction Grating (6" x 24" sheet) 
 
 

Supernova Explosions 
 
This activity uses a Hoberman sphere, which can be purchased at Toys ‘R Us and other toy stores. 
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Periodic Tables 
 
We have ordered our laminated periodic tables from 

♣ http://scientificsonline.com/product.asp?pn=3053431&bhcd2=1207752820  

♣ Additionally, notebook paper sized period tables as handouts can be found at the following 
sites:  

♣ http://www.schoolmasters.com/categories/productDetails.cfm?product_ID=15027&div=sc
&category&bc3&details  

♣ http://sciencekit.com/product.asp?pn=IG0019981&sid=2008FS&eid=2008FS&mr:tracking
Code=9CE4179D-D605-DD11-AD5F-
000423C27502&mr:referralID=NA&bhcd2=1207753692  
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Appendix D: Astronomy Question Scavenger Hunt 
 
RULES: 
 

1. Have fun! This is your chance to interview professional astronomers. 
2. Respect everyone’s right to eat their lunch. There is no extra credit for finishing first. 
3. Don’t ask the same astronomer more than one question. 
4. Only ask astronomers with the “ASK ME!” stickers.  They are your targets! 
5. Try to keep the Q&A one-on-one rather than groups-on-one. 
6. Have the astronomer initial your answer after you write it down. 
7. Once you finish the list, go sign up for the prize drawing. 

 
QUESTIONS: 
 
___ 1. Where were you born, or where did you grow up? 
 
 
___ 2. When (at what age) did you decide you wanted to become an astronomer and why? 
 
 
___ 3. Where were you when you were my age? (you have to tell the astronomer your age!) 
 
 
___ 4. When you were very young, what did you want to be when you grew up? 
 
 
___ 5. What did you do to prepare yourself for becoming an astronomer? (in high school, in 

college, etc)  What is/will be your highest college degree? 
 
 
___ 6. What are your non-astronomy hobbies? 
 
 
___ 7. Can you tell me the name of one of your favorite astronomical objects? How did it get that 

name? 
 
 
___ 8. What pets do you have, if any?  If not, what might you want to have as a pet? 
 
 
___ 9. What would be your dream vacation? 
 




