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Interview With a White Dwarf – Teacher Guide
(Condensed Version)

Introduction
This activity is an opportunity for students to apply their knowledge and understanding of the gas law,
conservation of energy, and forces to stellar evolution.  Students perform as members of an interview
with our Sun at the end of its star-life, as a white dwarf.  Students can follow the life story of a white
dwarf via text, plots, and pictures.  For each evolution stage, they review the properties of the star and
create plots as they progress through the activity.  There are review activities and questions following
the play.

A star, like our Sun, is an enormous and complex system.  In order to model and understand their
properties and how they change with time, astronomers and astrophysicists apply the basic ideas in
physics to mathematically model a star.  Astronomers provide the observable clues to test the models.
The current theory of stellar evolution is based on mathematical models of stars, and a wide variety of
astronomical observations of every sort of object in the sky such as black holes, supernovae, and
nebulae.

TEKS
112.42 IPC
4. Force and Motion: The student knows concepts of force and motion evident in everyday life.

A. calculate speed, momentum, acceleration, work, and power in systems.
B. investigate and describe applications of Newton’s laws.

6. The student knows the impact of energy transformations in everyday life.
A. describe the law of conservation of energy.

8. The student knows that changes in matter affect everyday life.
D. describe types of nuclear reactions such as fission and fusion and their roles in applications.

112.47 Physics
5. The student knows that changes occur within a physical system and that energy and momentum are conserved.

B. observe and descibe examples of kinetic and potential energy and their transformations
6. The student knows forces in nature.

A. identify the influence of mass and distance on gravitational forces.

112.45 Chemistry
7. The student knows the variables that influence the behavior of gasses.
A. describe the interrelationships among temperature, particle number, pressure, and volume of gases contained
within a closed system.

Key concepts and terms:
Speed of light Potential energy
Size of galaxy Kelvin
Nebula Luminosity
Light year Magnitude
Galactic year Scientific notation
Planetary nebula Positron/neutrino
Conservation of Energy Hydrostatic equilibrium
Kinetic energy
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Duration
The interview, interpreting the plots, and writing a short column for the Local Group Times should take
about 1 hour of engaged work if it is done quickly.  If more time is needed, you may want to break the
interview at the beginning of the red giant phase for the next class time.

The Cast
Sol: our Sun at the end of his life as a star.  This interview takes place about 5 billion years into the
future, when the Sun becomes a white dwarf.
Page the photon reporter: an energetic but sensitive photon journalist who is interviewing the Sun for
her column in the Local Group Times.
Iana the interstellar cloud: stars begin their lives as collapsing globs of gas inside an interstellar cloud
or nebula.
Peter the protostar: a young contracting mass of gas and dust that will soon become a star.
Hestia the main sequence star: Hestia is a new star that has just begun to shine on her own.  She is
called a main sequence star because she has reached an equilibrium between the inward pull of gravity
and the outward push of hot gas pressure.  In addition, the fusion process in her core will run smoothly
for billions of years.
Goliath the Red Giant: Goliath is in the next phase of life - a bloated red giant star.  His size could easily
swallow up the planets in our inner solar system.

Assign Roles
As a whole class, students in turn, play/read the parts of the characters.  Sol and Page have the dominant
roles.  Divide the students into groups.  Each group will be a different character.  Try to make the groups
of different skill levels.  Each student in each group will take turns reading so that everyone has to read
and follow their script.

Act out the interview
There are five parts to the interview corresponding to five major phases of Sol’s life.
Nebula – gas collapses into a protostar.
Protostar – Sol remembers his turbulent youth.
Main Sequence Star – stable shining star.
Red Giant – the longest and most complicated part.
White Dwarf – very short.

Ask Guiding Questions
As students act out the interview, ask guiding questions to focus students’ attention on physics or
chemistry concepts.  For instance, as Sol is contracting under his own weight and getting hotter during
his protostar stage, ask students to think about the ideal gas law.

Pressure × Volume = Number of particles × k × Temperature of the gas
PV = NkT
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In a star, the pressure changes with radius.  This changing pressure is what holds a star up, keeping it
from collapsing.  At each layer, the outward push of the gas is balanced by the inward pull of gravity on
the gas.

Example:
If the core shrinks, its volume decreases.  For the pressure to balance out the force of gravity, the
temperature must go up.  It’s like a bicycle pump.  Compressing the air inside the pump raises the
temperature of the gas.  That’s why the pump feels hot after doing the work to inflate a bicycle tire.

Recommended Preparation:
Review vocabulary.  Review Scientific Notation and distance measurements in space.  Put up photos
(usually downloaded from web sites and/or posters) of a red giant, the sun, a nebula, a dying star like Eta
Carinae, etc.  The more photos that can cover the chalk boards, walls, doors, ceiling, the better but do
not put them up until the day of the interview.

*Explain
Filling out the plots
The last page of the student guide a sheet entitiled “Plots”.  The four graphs on this sheet can either be
filled out as the play progresses or at the end of the activity.  Doing this at the end of the activity may
save time (at the end of this teacher guide there is one comprehenive table with all of the necessary info
included).  If you choose to have them fill out the graphs during the play, make sure to pause at each
reflection point to allow time for them to add the new plots.

***Beginning the Activity***

Engage
Read the following to students:
“Our galaxy, by conservative estimates, contains 100 billion stars.  The small number of stars we can see
at night are the nearby stars in our tiny neighborhood of our galaxy.  Stars are not eternal, but live long
lives compared to our lifetime.  Over time they change.  Just like you can look at a family photograph
and tell who is young or old, astronomers can observe stars to estimate their stage of life.”

Pass out one 3 x 5 inch index card to each student.
Ask students to write about what physical processes they think are going on inside a star like our Sun.
Tell them that grammar, punctuation, spelling, etc. does not count.  Drawing is fine.  But they must be
writing or drawing for 2.5 minutes without stopping.  Students can ask for additional index cards.

Ask students to share their responses.  Summarize the responses on an overhead projector for everyone
to see.

Review the students’ responses.  Help students identify the ones related to forces, motion, conservation
of energy, gas laws, and nuclear fusion.  Tell students to keep these concepts in mind as they act out and
discuss the interview with a white dwarf.
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Explore

Side note:
The sun and its planets
revolve around the
center of the Milky
Way.  This direction of
travel is close to
perpendicular to the
plane of the solar
system, so the planets'
orbits trace out helix
shapes as they travel
through space.

Student Guide page 1
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Student Guide page 2
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Student Guide page 3
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Student Guide page 4
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Student Guide page 5
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The diameter of the
Sun is 1.4 x 109

meters, so in this
Red Giant phase
the diameter is 4.2
x 109 meters.

Student Guide page 6
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Student Guide page 7
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Student Guide page 8
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Student Guide page 9

Student Guide page 10

Page 10 of the student guide contains the
graphs that the students should fill out either
during or after the reading of the play,
depending on what you decide beforehand.

There are also a couple of helpful hints to
help facilitate plotting the points.
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Extend and Evaluate (rubric and answers)
Students should cover each of these six main topics in their story.  For grading:  each of these 6 topic is worth 10%, the
overall quality and creativity of the story is worth 20%, and the plots (answers below) are worth 5% each.

1. What are the primary characteristics of a star?
A star maintains a balance between outward gas pressure and the inward pull of gravity.  Stars will adjust their size and
temperatures to maintain that balance, according to the laws of energy conservation.
2. During the interview, Sol and his friends mentioned many variables: luminosity, temperature (core and surface),
density, and size.  Which of these could we (people on Earth) observe and measure with a telescope?
Surface temperature.  If an astronomer knows the distance to the star, he/she can work out the luminosity and size.
Mathematical modeling based on that information leads to the density and core temperature.
3. What was Sol’s life long balance to maintain?  How did that affect Sol’s life over time?
Sol had to balance the outward pressure of gas against the inward pull of gravity.  Maintaining this balance as the conditions
of the core (temperature, density, luminosity) changed caused Sol to evolve.  His his appearance and properties changed over
time.
4. During what phase of life was Sol happiest?  Why?
As a main sequence star.  His size and luminosity were nearly constant for 10 billion years.
5. At the end, Sol mentioned entering a second life.  What do you suppose his second life will be, and how long?
His second life will be as a white  dwarf.  His life is calm again.  He will slowly cool down.
6. What are Sol’s properties as a white dwarf?
Extremely dense, about one solar mass, and low luminosity.  Initially they are hot, but intrinsically faint.  They cool down
over time, so their luminosity decreases over time.
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Some teachers prefer to use the numbers at the end of the dramatic reading rather than throughout the
activity.  This table is provided for that purpose.

Milestone Duration
years

galactic
years

Diameter
meters

Density
kg / m3

Core Temperature
(Kelvin)

Surface
Temperature

(Kelvin)

1
2.13 x 106 9.47 x

10-3 1017 1.67x10-18 10 10

2
106 4.44 x

10-3 1011 0.001674 106 3,000

3
107 4.4 x 10-

2 1010 16.74 5 x 106 4,000

4
1010 44.4

1.4 x 109 105 kg/m3 1.5 x 107 5,770

5
108 0.44

3 107 5 x 107 4,000

6
105 4.44 x

10-4 100 108 108 4,000

7
5 x 107 0.22

10 107 2 x 108 5,000

8
104 4.44 x

10-5 500 108 2.5 x 108 4,000

9
105 4.44 x

10-4 10-2 1010 3 x 108 105

10
10? ?

10-2 1010 starts at 3 x 108

and cools down
starts at 105

and cools down


