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Introduction: This series of investigation activities are designed to bring
the new field of Exoplanets into context by comparing two known extraso
lar systems to our Solar System.

Curricular links

Earth and Space £ describe the relationships between various celestial objects in-
cluding € planets, stars, solar systems

Earth and Space & interpret data to comparethe Earth with other planetsé in the
solar system, with respect to properties including size, and composition.

For /nvestigation 4
Physical World6. € explain energy conservation and analyse processes in terms of
energy changes and dissipation.

Investigation 1: A scale model of OUR planetary system

Teacher Notes:

Starter questions.

1 What is the Sun?

9 Xiz!'jt!pvs!gmbofubsz!tztufn!dbmmfel uif
1 Do you think the planets are all evenly spaced around the Sun?

What you will need:

A corridor, at least 30 meters long.
Per group of students:

Several blank pieces of poster paper, 2 or 3 per group, 1.7 m length when taped to-
gether or 5 pieces of A3 paper, taped together at the short side.

A long tape measure (15m if you have it).
Several sticky notes or wide masking tape.
A 30m length of string.

Some lengths of green, red and blue ribbon, ~1.5 m per colour OR green, red and blue
markers
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Student Activity:
Solar system fact table:

Definition; ! Bo! t Bt uspopnj dbm! Voj uN!)BV*! frvbmt
and Sun, or about 150 million km. We will use a scale of 1 AU = 1 meter. (So this means
that 0.01 AU =1 cm and 0.001 AU =1 mm!)

Planet | Distance from| Distance from | Mass of Planet | Diameter com-
Sun (km) Sun (AU) Compared to Earth pared to Earth
Mercury | 57.9 million 0.39 0.06 0.38
Venus 108.2 million 0.72 0.82 0.95
Earth 150 million 1.00 1 1
Mars 228 million 1.52 0.11 0.53
Jupiter 779 million 5.20 318 11.2
Saturn 1,434 million 9.54 95.2 9.5
Uranus | 2,871 million 19.2 14.6 4.0
Neptune| 4,500 million 30.1 17.2 3.9

The only objects large enough to model on this scale are the Sun and outer planets. The
Tvolt!ejbnfufs!jt!2/4: 1" njmmjpo!ln-"!1tp!ui
in diameter.

Since we are using a scale of 1 AU = 1 meter, our model Sun on this scale wibhe
hundredth of a meteror one centimeterin diameter.

The largest planet, Jupiter, is about ong¢enth as wide as our Sun. So, it would be a dot
one millimeter wide! Saturn would be just slightly smaller. Uranus and Neptune would
be just about one third of a millimeter wide and the inner planets, just dots on paper.
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Procedure:

Break up students into 3 or 4 groups dependingl| What do you notice about the
on how many tape measures you have and ho spacing of the planets?

wide the corridor is. Do you notice any other

Each group should have sheets of poster paper|| difference when comparing the

A3 paper taped together endo-end. 4 innermost planets with the 4

: ?
Lay the poster paper at one end of the corridor outermost planets:

and draw a small (1 cm wide) circle at the side | Do you think this is just a
the poster paper near the beginning of the hall-|| coincidence?

way to represent the Sun. What might be responsible for
From the Sun, measure out distances to the fo| /s difference?

innermost planets and draw a small dot to reprel  |1/n/ch planet is the only one
sent the planet. (They should fit on the taped to}l ,,xn/ch we KNOW has life?

gether sheets of paper.) .
What factors do you think are

Stretch the string from the Sun to each planet important to life existing and
and draw a small arc to represent a segment of surviving on a planet?

i o1 bofult! j ul
ui gmbortu pscld What do you think will cause

Now do the same with the outer planets, but usy  sxe papitable zone to end as you
ing either a sticky note or piece of wide maskindl  yave/ closer to the Sun?

tape to mark out the location of each outer plan
et. Draw a 1 mm diameter dot to represent Jupi
ter, a similar dot with a tiny ring around it to rep
resent Saturn, and a 1/3nm dot to represent
Uranus and Neptune. Draw a small segment of
fbdi ! gmbofult!pscju!gsffiboel

What do you think will cause
the habitable zone to end as you

travel farther from the Sun?

Habitable Zones:

A habitable zone in a planetary system is a region where the environment might be
right for life -as-we-know-it to surviveé given the right kind of planet. So, we make the
simple assumption that liquid water must be present on a planet for life to survive!

The most important part of defining a habitable zone is finding where a planet could
have a survivabldemperature where liquid water can exist.

#BCO ™eter0 of] 9

The Space For Science Foundation 5 World Space
Ireland For what’s next Week retann



Teacher Notes:

Ui fsf!bsf!blovncfs!pg!gbdupst!uibu!efufs
uvsf/N!Zpv!dbo!uijol!pgluijt!bt!b!ljoelp
have its average temperature stay pretty much the same. A planet will naturally settle
joup!jut!frvjmjcsjvn!lufngfsbuvsf! xifsf!]
to space as it absorbs from the Sun. (This will be discussed in more detail in Investiga-
tion 4.) So, there is always a balance between energy absorbed by the planet and the
fofshz!sfmfbtfe/!'"Uif!nptu! pcwjpvt!gbdups
buvsf!jtlejtubodf!gspn! Tvo/!Tp-!jglzpv! X
too far.

Other factors include the ratio of how much energy a planet will absorb to how much it
will reflect. Another factor, one which is increasingly important for Earth currently, we
dbo! dbmm! t cmbol fujoh/N! Zpv!dbo!uijol!pg!
that it has a harder time releasing the energy into space that it needs to keep itself in
frvjmjcsjvn/!V'Jg!zpv! xfsflup!hjwf!b!gmbof
would naturally warm up and raise its temperature until enough energy is radiated into
space to equal the energy it absorbs from the Sun. So, for example, if | were to put an
atmosphere on a planet which held back 50% of its radiation, the planet and its atmos-
phere would heat up and produce more radiation until the amount that leaks out into
space is equal to the amount that the planet absorbs.

To calculate the habitable zone for this activity, we will assume that we have a planet
with blanketing and reflectivity properties similar to Earth. Then the inner edge (in AU)
of the habitable zone is set at 100 °Celsius, where water will be near the boiling point:

Ginner = 0.87 ""'IIE

MI'jtlTui f!mvnjoptjuz!)fofshz! pvugvu! sbuf!
gsbdujpot!pgluif! Tvolt! mvnjoptjuz/! Gps!f
Sun, it will have L = 0.5. If it is as bright as 3 Suns, L = 3./fms case we are dealing

with our own solar system and Sun, so L =1!

The outer edge (in AU) of the habitable zone is set at 0 °Celsius, where water will be
near the freezing point:

doyrer = 1.624/L
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Student Activity:

We can calculate the inner edge of the habitable zone (in AU) as the distance from the
star where water will begin to boil and, we assume, life will be impossible. For a planet
with similar properties to Earth, that distance is:

dinner = 0.87VL
M!'jt!dbmmfe!t mvnjoptjuzN!boe!jtluif!fofs
nvmuj gmft!ps!gsbduj pot!pg!uif! Tvolt!csjh
about our own solar system, L=1, because our Sun is exactly as bright as 1 Sun!

We can calculate the outer edge of the habitable zone (in AU) as the distance from the
star where water will all be frozen solid:

dyeer = 16241

Again, we are talking about our own Sun, so L=1 in this activity (but will be different in
a later activity).

Calculate the distance to the inner and outer edg-
es of the habitable zone for our solar system. Mal| What does the red ribbon

the inner and outer edges of the habitable zone fq| mean for that part of the solar
our solar system on the paper scale model. Cut system?

piece of green ribbon so it will stretch from the in4  \1/na¢ does the blue ribbon
ner edge to the outer edge of the habitable zone
and paste it on the poster paper. Cut a piece of reg
ribbon so it will stretch from the Sun to the inner
edge of the habitable zone and paste it on the
poster paper. Finally, cut a piece of blue ribbon s¢
that it stretches from the outer edge of the habita;
ble zone to the edge of the poster paper and pasf| Do all the planets in the green
it on the paper (maybe even cut the outer end of || part of the solar system have
the ribbon in the shape of an arrow pointing to- life? If not, discuss some
ward the outer planets). reasons why they might not.

mean for that part of the solar
system?

What planets fall within the
t hsffoN!/gbsul!p
system?

Save the paper for Investigation 2!
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Investigation 2: A side-by-side scale model of exglanetary sys-
tems compared to the Solar System.

Teacher Notes:

Starter questions:

1 Are other stars like the Sun? (Bigger? Smaller? Brighter? Dimmer?)

1 Can other stars have planets?

1 What allows us to see the other planets of our own planetary system?

1 Why might it be difficult to discover planets around other stars?

1 Can you think of any ways to detect the presence of planets around other stars?

1 Xiz!'ep!tzpv!iuijol!gmbofut!bspvoeltubst!
gmbof ut @N

What you will need:

The paper with the scale model of the inner planets completed in Investigation 1.
A tape measure.

A 2-meter-long string.

Some lengths of green, red and blue ribbon.

Calculator.
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Student Activity:

Exoplanet system fact tables:

Remember ! Bo! t Bt uspopnjdbm! Voj uN!)BV*! frvbmt
and Sun, or about 150 million km. As we did in Investigation 1, we will use a scald.of

AU =1 meter (So that 0.01 AU =1 cm and 0.001 AU =1 mm)

We will examine two multiplanet exo-systems. The first system has 5 known planets
and is orbiting a star known a¥epler 62 Kepler 62 is slightly smaller than our Sun
(about 2/3 as wide) and has a cooler surface temperature. So, it is only about one fifth
as bright as our Sun. (L =0.21)

Procedure:
Planets of | Distance from Mass of Planet Period of Orbit
Kepler 62 Star (AU) Compared to Earth (days)
b 0.055 2.1 5.7
C 0.093 0.1 12.4
d 0.120 55 18.2
e 0.421 4.5 122
f 0.718 2.8 267

Break up students into the same 3 or 4 group
as in /nvestigation 1 This activity can be done
in the classroom if needed.

What do you notice when you
compare the distances of these
planets from their star to the
distances of our planets around
the Sun?

Each group should have the poster paper fro
Investigation 1with the inner planets marked

out on it.

Can you suggest a reason for this:
To the left of the Sun, draw a small (6 mm

wide) circle to represent the star Kepler 62. What is the most obvious

difference that you see between
the Kepler 62 planetary system
and our own?

From the star, measure out distances to the
five planets of the Kepler 62 system and dra
small dots to represent each planet. Stretch
the string from the star to each planet and
draw a small arc to represent a segment of th
gmbofult! pscjul/
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Now, using the formulas for the inner and outer
edges of the habitable zoné

What are the two main
differences that you notice

Ainner = 0.87 viand dg .. = 1.62 VL between the habitable zones
of the Kepler 62 system and
our Solar System?

and plugging in L = 0.21 since Kepler is only abo
21% as bright as our Sun, calculate the inner an{| Can you think of any reasons
outer edge of the habitable zone and mark them| why?

on the poster at the correct distance from the Do any planets orbit Kepler 62

star. within the habitable zone? If

Using the red, green and blue ribbons, mark out || so, which ones?

ui fttupptipu-NUEkvtul' g poyouthink aplanet or

es frgm 'Fhe star Kepler 62 just like you did - planets in the habitable zone

vestigation 1 have a chance to be similar to
Earth? (Give a reason or
reasons for your opinion.)

The second multiplanet exo-systems we will examine has 4* known planets. It is orbit-
ing a star known a<Gliese 581 (*The existence of Gliese 5819 is disputed.)

Gliese 581 is known as &d adwarf star. Red dwarf stars are some of the most common
stars in the galaxy. They are remarkably dim; Gliese 581 is only about a hundredth as
bright as our Sun (L = 0.013). Perhaps the most remarkable thing about red dwarf stars
is how long they last. Our Sun has a lifespan of about 10 billion years. A star like Gliese
581 has a life span over a hundred billion years;
many times longer than the current age of the Uni-
verse!

The size of Gliese 581 is about half that of Kepler 62
or roughly 1/3 as wide as our Sun. We can model it
as a dot about 3 mm wide!

#1 1 DAOEOIT 1T &£ 100 301 O1 '1EAOGA VYnix
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Planets of Distance from Star Mass of Planet Period of Orbit
Gliese 581 (AU) Compared to Earth (days)

e 0.028 1.7 3.1

b 0.041 15.8 5.4

Cc 0.072 5.5 12.9

g 0.130 2.2 32

To the right of the Sun, draw a small (3 mm wide
circle to represent the star Gliese 581. What do you notice when you

From the star, measure out distances to the four || compare the distances of
planets of the Gliese 581 system and draw a sm{ 7€se planets from their star

dot to represent the planet. up!ui flejtubodjt!
planets and our planets

Stretch the string from the star to each planet
9 P around the Sun?

and draw a small arc to represent a segment of
ui fl gmbofult!pscjul/ Do you see a trend when you

compare the size and positions

Now, using the formulas for the inner and outer
edges of the habitable zoné

of the habitable zones for our
Sun, Kepler 62 and Gliese 581

d_eer = 1.624L | Does Gliese 581 have any
planets in the habitable zone?

Ginner = 0.87 VL

and

and plugging in L = 0.013 since Gliese 581 is on
about 1% as bright as our Sun, calculate the in-
ner and outer edge of the habitable zone and
mark them on the poster at the correct distance
from the star.

If so, do the exgplanets in the
two systems that we plotted
seem to have anything else
that might make them similar?

Using the red, green and blue ribbons, mark out
ui f!'tupp!ipu-N!Itkvtu!sjhiuN!boel!tupp!dpnm
you did for our solar system and the Kepler 62 system.
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Investigation 3: How are exaplanets found?

Teacher Notes:

Other stars are SO far away that it is nearly impossible to detect exoplanetgect/y
for two reasons:

1) They are too dim because they only shine by the reflected light from their star.
2) They are too close to their parent star and lost in its glare.
Starter questions:

1  How far away are other stars?
1 What allows us to see the other planets of our own planetary system?
1 Why might it be difficult to discover planets around other stars?

What you will need:

Activity 3-A. The Wobble Activity 3-B. Transit Method

A personal headlamp or other object A Styrofoam ball about the size of a
(representing a star) that a student can wear on grapefruit.

their head. A dowel or hexagonal profile pencil.
A rope (clothesline). Several thin wooden BBQ skewers.

A small laundry sack stuffed with soft things. Two small spheres (Styrofoam or

A large laundry sack stuffed with heavier soft  clay perhaps) much smaller than
things. the Styrofoam ball (about the size of
a large blueberry) that could be

An electronic alarm, beeper or anything with a
stuck onto the end of the skewers.

specific pitch of sound that can be swung
around on a string. The tube from a roll of paper towels.

A string to swing the beeper/alarm.

Caution.

For Activity 3-A there will need to be enough room so that a student can swing a sack
over their head on a rope without hurting anyone. It will have to be heavy enough to
make the student wobble a bit, but not so heavy as to injure the student!
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Background:

You can watch these short videos from ESA explaining the various ways that exoplanets

are discovered, but only show them to students after they have done the activity.
http://sci.esa.int/exoplanets/60655 -detection-methods/

Student Activity:
Activity 3-A:

In /nvestigations 1 & 2we used a scale of 1 AU
equals 1 meter to plot the planets of our solar
system and two exoplanet systems.

The Wobble

When an exoplanet orbits its star, the two object
are held together by an invisible force called
gravity. We can imagine gravity to be like a rope
tying two objects together.

When one object swings around another,
will only one object move? Or will both of
them move?

Have a student put the headlamp/artificialstar

Gliese 581 is 20.5 light years
away. Since each light year is
equal to 63,000 AU, on our
scale 1 light year would be
about 63 kilometers.
Approximately how far away
would Gliese 581 be on a map
of the Earth?

Imagine putting your map of
planetary orbits for the Gliese
581 system at that distance. Do
you think you could see the
little dots representing planets
at that distance? How about
with a powerful telescope?

on their head and swing the light sack on the rope overhead rowaehd-round.

Wartch the headlampvartificial-star carefully. Does it remain still, or does it wob-

ble?

Now have the student swing the heavier sack overhead in a fairly small circle.

Does the headlamp wobble more or less than with the lighter sack?

Now have the student swing the heavy sack in a larger circle.

What changes about the wobble? Which wobble was faster? Do you think you
could see a wobble like this if it were a star extremely far away? Why or why not?

Jul t !t pn frargly pdsgible todirectly detect that kind of wobble. This is called

astrometric detection of an exeplanet.
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http://sci.esa.int/exoplanets/60655-detection-methods/

Jg!zpv!dbol u! ef uf agbsitioruof the!stardlwevoltsndolobie,btetii f | | o
nbz!cf!qgpttjcmf! up! ef wbridmdleua thiewobbldl o hf ! j o!

B!t ubs | t Yragyehcy sinilar to thé viay a certain sound or musical note has a
gsfrvfodz/ ! Xflvtvbmmz!dbmm!uijt!uif!tqgju
frequency and low pitch sounds have a low frequency. When an emergency vehicle
passes you on a road at high speed the siren seems to change from a high pitch when
jult!dpnjoh!bu!zpv!up!b!mpx!qgqjudi!xifol!]

fect.

Wobbly Beeping Star!

To imitate the changing of starlight be-
dbvtf!pg!b!tubslkt!)
electronic beeper over our head and oth-
ers can listen to the change of sound.
(CAUTIONWhen we swing the beeper
overhead it is meant to represent thestar
wobbling, NOT the orbiting of the planet.
Jult!luif!ldibohf!jo
light that is detected, not the planet!)

This is how astronomers can indirectly de
uf du!ui flgsftfodf! |
with their telescopes.

Activity 3-B
The transit method:

When the Moon passes between the Ear
and the Sun, cutting off part or all of the
Tvolt!mjhiu-"!juljt!

Does the frequency (pitch) of the
sound get higher or lower when the
star (beeper) is coming toward you? I'b

) Sfnfncfs,; ! xflsf/! gpu
how loud or soft the sound is, but how
high or low the pitch is!)
Does the frequency (pitch) of the
sound get higher or lower when the o
S

star (beeper) is moving away from
zpv@ Xi bu!jg!jult!|hp,

What would cause the greatest change

j ol gsfrvfodzpabigh |,
planet orbiting close to the star and

fast, or a small planet orbiting far

from the star and slow? Why?

What kind of planets do you think have
been most often discovered by this
method and why?

mj q

In our solar system there are two planets that can pass between us and the Sun and cut
pgg!b!ltnbmm! gbsu! pg!uif! Tvolt! mjhiulgspn

Which planets are they? Why are they the only ones?

This sort of minteclipse is called a transit.
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In the photo above, Venus is blocking some
sunlight from reaching the Earth. Approxi-

mately how much sunlight is cut off? How would you calculate how
About 50%  About 20% About 5% Less | much dimmer the Sun would be
than 1% because of Venus transiting

across its surface? (Explain in
words or a maths formula)

Because stars other than the Sun are so far
away, we cannot see them as round disks like
the Sun in the photo above, even in our large{| 20 you think you would notice the
telescopes (except for a few exceptionally ejnnjoh!pg!luit/!
large stars like Betelgeuse, the red supergian{| Your eyes? Why or why not?

star in Orion). So, if a star has planetand a Do you think modern scientific

planet in the course of its orbit happens to nstruments could detect the
come between us and that star, we cannot gell adimming of sunlight due to the

a picture of the transit like the one above. We|| transit of Venus?
can, however, detect the eveso-slight dim-
ming of that star due to the planet blocking
pvu! blujoz!qgqpsujpo!pgl!luif!tubslt!mjhiu!g
ubm!l dbnf sbt!up!ep!xibu!jt!ldbmmfe! Lgipupn
how much light we receive from a given star and how much that flow of light to our
camera changes with time.
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Ui f!wjefp!dmjqg!cf mpx!ti pxdiplanetardanbitsandtiteul t ! d
t mj hiu!dvswf N!uibuluif!qgipupnfusjd!dbnfs

http://sci.esa.int/gaia/58789 -detecting-exoplanetswith -the-transit-method/

Activity 3-B: The Selection Effect:
Teacher Notes and Preparation:

This activity will explore why it is easier to
detect planets close to their star rather
than planets far from their star!
See:https://lyoutu.be/qV2igZMvMxc

Get a large Styrofoam ball, about the size

of a grapefruit, to represent the central

star of an exoplanet system. If the ball has

b!tfbn!svoojoh! bspvoeluif!njeemf-!zpv!db
tfrvbups/ N! Zpv!dbo! gvti!b! mpoh! xppeef-o! t |
pendicularup! ui f !t frvbupsN! boe! ejsfdumz! uispyv
ejggjdvmu!ui bo!ju!tpvoet/ Ui fl!lepxfm!lsfaqgs
jects to represent planets. If they are tiny Styrofoam balls, you can use a black marker

to make the hemisphere of the planet facing away from the star black. Place one of the

t nbmm! } gmbof uN! shoremad skever(Which should beeaboptd/8 dr !
slightly less than 1/2 the length of a normal skewer). The dark side of the planet should
be pointed away from the star. Then stick the skewer into the stat the equatorso that

ui f!lgmbofu!jt!bu! mtbtu! 304! pg!uif!tubslt
Xjuiluif!mpohfs!tlfxfs!lboel!ltfdpoe!tgmbof
ent location on the equator of the star

Xfl'x)jmm!opx!usz!up!tjnvmbuf!uif!gmbofut!
orbiting motion is NOT astronomically accurate because the planets will orbit at the

same rate as the star rotates and the same rate as each other. This is NOT the way a real
planetary system works, where the inner planet will orbit faster than the outer one and

at a different rate than the star spins! But what we are trying to demonstrate here is

just the geometry of the transits for planets close to and far from the star.
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