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Homework 8 – Ast 281– Spring 2009
DueThursday 3/19/09– 12:00pm,Watanabe420– 100points total

Up until the last15 years,therehadbeenno unambiguousdetectionof anextra solarplanetarysystem,but
now weknow of a largenumberof systems.Attachedis a tableof someof theseplanetarysystems.Themassis
in Jupitermasses(= M � /M ����� ); this is theratioof themassof theplanetto themassof Jupiter. Theterm � is the
semi-majoraxisof theorbit – theaveragesun-planetdistance,andtheluminosityclass,or startypeis listedfor
someobjects.Recallthatluminosityclassis ameasureof thetemperatureof thestar. Thespectral,or luminosity
classeswhich run from hot to coldare:OBAFGKM.

1. You have beengivena sheetof “graph” paper, attachedto this homework. Plot thedistancefrom thestar
for eachextrasolarplanetin thetableat theendof thehomework on thegraph.Notethata few planetary
systemshave morethanoneplanet.Skip thesesystemson thebig plot, andplot themon thesmallgraph
paper. Also plot Mercury throughJupiteron the chart (useyour constantssheetfor the distances).We
know thatthethemassof theplanetis relatedto its radiusin thefollowing manner:
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is themassof theplanet,� � is theradiusof theplanetand � thedensityof theplanet.We can
usethis relationto scaletheexpectedsizesof theplanetsto thesizeof Jupiterwhich we know, by using
themassesin thetableabove andthefollowing relation� �
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Whenyou plot theplanetsasa functionof distancefrom their stars,make thesizeof theplanetsymbol
scaledproperlyto Jupiterusingtheformulaabove. M � /M ����� is givenin theTable,andR ����� is whatever
sizeyou selectfor plotting Jupiter. [Hint: If thediameterof Jupiterwere= 1 cm, the7th columnin the
tablewould be thediameterof the planetsin cm. The squareson thegraphsheetare � 0.5 cm in size.]
[20]

2. Of theplanetarysystemslistedin thetable,which if any aretotally unsuitablefor life? Definethecharac-
teristicsof aplanetwhichmake it suitablefor life. [5]

3. Doesthe layoutof any of theplanetarysystemssurpriseyou from thepoint of view of our discussionof
starandplanetarysystemformation?Why or why not? [10]
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4. Sincewe believe thatliquid wateris importantfor life to exist, we needplanetsto beat theright distance
from thestarthey orbit so that thetemperaturesfall between0-100� C (273-373K,thefreezingpoint and
boiling pointof water).Aroundany star, thereis anarrow regionin distancecalledthezoneof habitability
wherethe temperaturesare just right and liquid watercanexist. The sizeof this zonedependson the
spectralclassof star. Table1 shows theapproximatelocationsof habitablezonesarounddifferenttypes
of stars:

Table1: HabitableZonesAroundStars
Star Type Temperature Inside Edge Outside Edge

[AU] [AU]
O 35000 115 215
B 21000 40 75
A 10000 5 10
F 7200 2 3.7
G 6000 0.9 1.6
K 4700 0.7 1.2
M 3300 0.1 0.2

(a) Usethesmallgraphpaper(includedin thehomework), andmark thepositionof theplanetsin our
solarsystemonthegraph.Plot thepositionof theextrasolarplanetsfor theplanetarysystemswhich
have morethanoneplaneton thegraph.Therearethreesuchsystems: And (3 planets),GJ876(3
planets)andHD 168443(2 planets).Usetheir relative massesin termsof Jupiterto scaletheirsizes.
[10]

(b) Indicatefor eachStarsystem,thezonesof habitability. [5]

(c) Do any of theplanetsin thegraphfall insidethezonesof habitability?Which?[5]

(d) If youweregoingto searchfor life in oneof theextrasolarplanetarysystems,whichonewouldyou
searchandwhy? [10]

2



(e) Oneplanetis just outsidethezoneof habitability. Which oneis it? Canyou think of any way that
thisplanetmight bewarmenoughfor liquid water?[5]

(f) Are thereany planetsin oursolarsystemwhicharecloseto thezonesedges?Do they haveconditions
thatwouldbeexpectedfor liquid water?Canyouguesswhy? [10]

5. Thestarsystem,! Cep,is abinarysystemwith stars
of masses1.59M" (spectralclassK1) and 0.4M"
(spectralclassM1) orbiting their commoncenterof
massevery 74 years. The orbit of the two starsis
quite eccentric(e = 0.44; recall that a circular or-
bit hasan eccentricityof 0 and a parabolaan ec-
centricity of 1). This starsystemis the first binary
to have had a planetdiscovered. The planet,with
mass1.76M#�$�% , orbits themoremassive starevery
2.5 years,in an orbit with an eccentricityof e=0.2,
anda semi-majoraxisof a = 2.03AU. At perihelion
of the planetit is at a distanceof 1.7 AU from the
moremassivestar, andatadistanceof 2.6AU when
it is at aphelion.Theplanetis 12 AU from the less
massive staratperihelionandat 32AU at aphelion.

(a) Commenton whetheror not you believe thereis a habitablezonein this system,andif the planet
couldbewithin thehabitablezone.[10]
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(b) Supposea planetin a circularorbit arounda staris orbiting within thatstar’s habitablezone.What
will be theeffect of an extremeplanetaryobliquity (e.g. somethinggreaterthanabout60& ) on the
planet’s habitability?[5]

(c) Supposeaplanethadextremelyslow rotation– thatit wasin synchronousrotationwhichmeansthe
rotationperiodis thesameastheorbitalperiod.Whateffectwould thishave on thehabitability?[5]

4



Table2: Masses& Orbitsof ExtrasolarPlanets(1/9/01)
# Star Name Mass Period Orbit Size Eccen [M ' /M (�)�* ] +�,.- Star type

[M (�)�* ] [days] [AU]
1 HD 83443 0.35 2.986 0.038 0.08 0.7
2 HD 46375 0.25 3.024 0.041 0.02 0.6
3 HD 187123 0.54 3.097 0.042 0.01 0.8
4 HD 179949 0.86 3.092 0.043 0.0 1.0
5 / Boo 4.14 3.313 0.047 0.02 1.6
6 BD-103166 0.48 3.487 0.046 0.05 0.8
7 HD 75289 0.46 3.508 0.048 0.00 0.8
8 HD 209458 0.63 3.524 0.046 0.02 0.9
9 51 Peg 0.46 4.231 0.052 0.01 0.8
10 0 And b 0.68 4.617 0.059 0.02 0.9 F
11 HD 168746 0.24 6.400 0.066 0.00 0.6
12 HD 217107 1.29 7.130 0.072 0.14 1.1
13 HD 162020 13.73 8.420 0.072 0.28 2.4
14 HD 130322 1.15 10.72 0.092 0.05 1.0
15 HD 108147 0.35 10.88 0.098 0.56 0.7
16 HD 38529 0.77 14.31 0.129 0.27 0.9
17 55 Cnc 0.93 14.66 0.118 0.03 1.0
18 GJ876 4.23 15.80 0.117 0.04 1.6
19 HD 195019 3.55 18.20 0.136 0.01 1.5
20 HD 6434 0.48 22.0 0.15 0.3 0.8
21 HD 192263 0.81 24.35 0.152 0.22 0.9
22 HD 83443c 0.16 29.83 0.17 0.42 0.5
23 GJ876c 0.56 30.12 0.13 0.27 0.8 M
24 1 CrB 0.99 39.81 0.224 0.07 1.0
25 HD 168443b 7.73 58.10 0.29 0.53 2.0 G
26 GJ876b 1.90 61.02 0.21 0.1 1.2 M
27 HD 121504 0.89 64 0.32 0.13 1.0
28 HD 16141 0.22 75.80 0.351 0.28 0.6
29 HD 114762 10.96 84.03 0.351 0.33 2.2
30 70 Vir 7.42 116.7 0.482 0.40 1.9
31 HD 52265 1.14 119.0 0.493 0.29 1.0
32 HD 1237 3.45 133.8 0.505 0.51 1.5
33 HD 37124 1.13 154.8 0.547 0.31 1.0
34 HD 169830 2.95 230.4 0.823 0.34 1.4
35 0 And c 2.05 241.3 0.828 0.24 1.3 F
36 HD 12661 2.83 250.2 0.799 0.20 1.4
37 HD 89744 7.17 256.0 0.883 0.70 1.9
38 HD 202206 14.68 258.9 0.768 0.42 2.4
39 HD 134987 1.58 260.0 0.810 0.24 1.2
40 2 Hor 2.98 320.0 0.970 0.16 1.4
41 HD 92788 3.86 337.7 0.97 0.27 1.6
42 HD 177830 1.24 391.0 1.10 0.40 1.1
43 HD 27442 1.13 426 1.15 0.02 1.0
44 HD 210277 1.29 436.6 1.12 0.45 1.1
45 HD 82943 2.3 442.6 1.2 0.6 1.3
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Table3: Masses& Orbitsof ExtrasolarPlanets(1/9/01)– Contd.
# Star Name Mass Period Orbit Size Eccen [M 3 /M 4�5�6 ] 7�8.9 Star type

[M 4�5�6 ] [days] [AU]
46 HD 222582 5.18 576.0 1.35 0.71 1.7
47 HD 160691 1.87 743 1.6 0.62 1.2
48 16Cyg B 1.68 796.7 1.69 0.68 1.2
49 HD 10697 6.08 1074.0 2.12 0.11 1.8
50 47UMa 2.60 1084.0 2.09 0.13 1.4
51 HD 190228 5.0 1127 2.3 0.43 1.7
52 : And 4.29 1308.5 2.56 0.31 1.6 F
53 14Her 5.55 2380.0 3.5 0.45 1.8
54 ; Eridani 0.8 2518. 3.4 0.6 0.9
55 HD 168443c 17.1 1770 2.87 0.20 2.6 G

Table4: Multiple ExtraSolar Planetary Systems– Question1 graph
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