STAR IN A BOX
Explore the life-cycle of stars with the Star in a Box activity.
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Curriculum topic
stars
Big idea of science
Earth is a very small part of
the universe.
Keywords
Stars, Lifecycle of stars,
Evolution, Interactive
Age range
10 - 19

Education level
Middle School, Secondary
School, Informal
Time
30min
Group size
Group
Supervised for safety
Unsupervised

Location
Indoors (small, e.g. classroom)
Core skills
Constructing explanations,
Engaging in argument from
evidence, Communicating
information
Type of learning activity
Partial enquiry

Cost
Average (5 - 25 EUR)

BRIEF DESCRIPTION
Have you ever wondered what happens to the diﬀerent stars in the night sky as they get older?
The Star in a Box application lets you explore the life cycle of stars. It animates stars with
diﬀerent starting masses as they change during their lives. Some stars live fast-paced, dramatic
lives; others change very little for billions of years. The app visualises the changes in mass, size,
brightness and temperature for all these diﬀerent stages.

GOALS
ˆ To understand the diﬀerences in the lifecycle of stars with diﬀerent starting masses.
ˆ To demonstrate the use of graphing as a tool for exploring diﬀerent physical aspects of a
complex system.

LEARNING OBJECTIVES
ˆ
ˆ
ˆ
ˆ

Describe the relationship between a star's mass and its life span.
State that stars above a certain mass end their lives in a supernova.
Name the major stages of a star's life cycle, in order, for several masses of star.
Describe the relationship between a star's mass, its age, and its position on the
Hertzsprung-Russell diagram.

EVALUATION
The accuracy of their answers to the question can form the basis of the evaluation of students’
understanding. However, more detailed feedback can be obtained by talking to individual
students about their understanding.
ˆ Ask students to talk through what is happening to a 1 solar mass star as the star marker
moves around the graph.
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ˆ Ask students why diﬀerent initial masses of star lead diﬀerent life cycles; what are the
main diﬀerences and happens at the end of these stars lives?

MATERIALS
ˆ Computer with internet
ˆ Star in a Box worksheets

BACKGROUND INFORMATION
ˆ
ˆ
ˆ
ˆ

Students should understand what a star is in broad terms before starting this activity.
Students should be familiar with the concept of hydrogen burning/fusion.
Students should be familiar with using graphs to display and discern information.
Teachers can use the Powerpoint presentation provided to give students a full lesson
about the life cycle of stars before attempting the activity (available at http://lcogt.net/
education/starinabox).

FULL ACTIVITY DESCRIPTION
Star in a Box app is available at http://lcogt.net/starinabox

Secondary School Level
Step1
ˆ Open the lid of your ‘Star in a Box’.
ˆ The graph is a Hertzsprung-Russell diagram, where a star’s luminosity is plotted against
its temperature.
ˆ The information panels allow you to compare the Sun with your star. It compares the
relative radius, surface temperature, brightness (luminosity) and mass of the star to the
Sun.

Step2
The Sun’s Evolution during its lifetime.
Click the play button below the Hertzsprung-Russell diagram to show the Sun’s evolution.
Name the three stages of the Sun’s life shown on the Hertzsprung-Russell diagram.
ˆ Stage 1:
ˆ Stage 2:
ˆ Stage 3:
Use the table below to describe the changes the Sun will go through between stages.
ˆ Label ‘Increase’, ‘Decrease’ or ‘Stay the same’ for each of the quantities in the table
along with the values they change from and to.
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Look at the light bulb tab:
ˆ At which stage in its life cycle will the Sun be at its brightest?
ˆ How old will the Sun be at this point? (in Myr)
Look at the thermometer tab:
ˆ At which stage in its lifecycle will the Sun be at its hottest?
ˆ What is its maximum temperature? (in K)
Look at the pie chart tab:
ˆ In which stage of its life will the Sun spend most of its time?
ˆ How long will it spend in this stage? (in Myr)
Look at the mass tab:
ˆ What happens to the mass of the Sun as it gets older?
ˆ What type of star will the Sun be at the end of its life?
ˆ What is the total lifetime of the Sun?

Step3
Using the ‘Star Properties’ banner, explore the evolution of stars with diﬀerent starting masses.
ˆ
ˆ
ˆ
ˆ
ˆ
ˆ
ˆ

Select a diﬀerent starting mass for your star in the ‘Star Properties’ banner.
Using the Hertzsprung-Russell diagram tab, click play to watch your new star's evolution.
Try out a few diﬀerent masses then answer the following questions.
Using the Hertzsprung-Russell diagram:
Where on the main sequence do the lower mass stars start?
Where on the main sequence do the higher mass stars start?
There are three possible outcomes for the ﬁnal stage of a star's life depending on its
initial mass. Name these 3 possible ﬁnal stages.

Step4
Follow the evolution of ﬁve stars of diﬀerent masses. Complete the table below, ﬁlling in a row
for each of the diﬀerent masses. Hint: You may ﬁnd it easier to use the data table on the ‘Star in
a Box’ to ﬁnd the exact values.
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Step5
Study the data for the diﬀerent stars in your table above.
ˆ
ˆ
ˆ
ˆ
ˆ
ˆ

Comparing the temperatures:
Which mass star reaches the highest temperature?
At what stage in its life does the star reach this temperature?
Comparing the luminosities:
Which mass star gets the most luminous (brightest)?
Is this the same mass of star that reaches the highest temperature?

Step6
Multiple choice questions. Choose the correct answer.
What type of star will the Sun become after it leaves the Main Sequence?
ˆ
ˆ
ˆ
ˆ

Neutron Star
Red Dwarf
Red Giant
Red Supergiant

What main factor determines the stages a star will follow after the main sequence?
ˆ
ˆ
ˆ
ˆ

Mass
Luminosity
Temperature
Radius

The mass of the star Betelgeuse is much greater than the mass of the Sun; therefore, its total
lifetime will be:
ˆ Greater than the Sun
ˆ The same as the Sun
ˆ Less than the Sun
Compared to when it joins the Main Sequence, a star’s mass at the end of its life will:
ˆ Be greater
ˆ Be the same
ˆ Be less
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ˆ Depend on the type of star
The Sun will spend most of its life in what stage?
ˆ
ˆ
ˆ
ˆ

Main Sequence
Red Giant
Red Dwarf
White Dwarf

(solutions at: http://goo.gl/tlaEH1)

CURRICULUM
Space Awareness curricula topics (EU and South Africa)
Our wonderful Universe, stars

National Curricula UK
GCSE, physics: AQA Science A, Edexcel, OCR A, OCR B, WJEC
GCSE, astrophysics: Edexcel
A level, physics: AQA, Edexcel, OCR A, OCR B, WJEC
KS3, physics: space physics
KS2, year 5, science: Earth and space

ADDITIONAL INFORMATION
ˆ If you would like to know more about how stars evolve, take a look at our SpaceBook
pages about the life cycle of stars. https://lco.global/spacebook/life-cycle-stars/
ˆ You can also learn more about Hertzsprung-Russell diagram on SpaceBook http://
lcogt.net/book/h-r-diagram
ˆ Questions in the exercise workbook could be made into a multiple choice quiz using a
website or an app such as Socrative https://itunes.apple.com/au/app/teacher-clickersocrative/id477620120?mt=8.

CONCLUSION
The activity ﬁnishes when the students have completed the worksheets. The teacher should
discuss the range of answers the students had for some of the later questions on each
worksheet.

This resource was selected and revised by Space Awareness. Space Awareness is funded by the
European Commission's Horizon 2020 Programme under grant agreement nº 638653
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