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Homework 8 — Ast 281— Spring 2009
Due Thursday 3/19/09-12:00pm, Watanabe420— 100 points total

Up until thelast 15 years,therehadbeenno unambiguousietectionof an extra solarplanetarysystem but
now we know of alarge numberof systemsAttachedis atableof someof theseplanetarysystemsThemasss
in Jupitermasse$= M p/M ;,,,,); thisis theratio of themassof theplanetto themassof Jupiter Theterma is the
semi-majoraxis of the orbit — the averagesun-planetlistance andthe luminosity class,or startypeis listed for
someobjects.Recallthatluminosityclassis ameasuref thetemperaturef the star Thespectralor luminosity
classesvhichrunfrom hotto cold are: OBAFGKM.

1. Youhave beengivenasheetof “graph” paper attachedo this homevork. Plot the distancefrom the star
for eachextrasolarplanetin thetableat the endof the homavork onthe graph.Notethata few planetary
systemshave morethanoneplanet. Skip thesesystemson the big plot, andplot themon the smallgraph
paper Also plot Mercury throughJupiteron the chart(useyour constantsheetfor the distances).We
know thatthethe massof the planetis relatedto its radiusin the following manner:
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whereM is the massof the planet,Rp is theradiusof the planetandp the densityof the planet.We can

usethis relationto scalethe expectedsizesof the planetsto the sizeof Jupiterwhich we know, by using
themassedn thetableabore andthefollowing relation

Mp Rp ;3 B Mp 13

MJup B [RJup] RP N Rjup[Mjup] (2)
Whenyou plot the planetsasa function of distancefrom their stars,make the size of the planetsymbol
scaledproperlyto Jupiterusingthe formulaabove. M p/M ;,, is givenin the Table,andR 7, is whatever
sizeyou selectfor plotting Jupiter [Hint: If the diameterof Jupiterwere= 1 cm, the 7th columnin the
tablewould be the diameterof the planetsin cm. The squareon the graphsheetare ~0.5cmin size.]
[20]
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2. Of theplanetarysystemdistedin thetable,whichif any aretotally unsuitablefor life? Definethecharac-
teristicsof a planetwhich male it suitablefor life. [5]

3. Doesthelayoutof ary of the planetarysystemssurpriseyou from the point of view of our discussiorof
starandplanetarysystemformation?Why or why not? [10]



4. Sincewe believe thatliquid wateris importantfor life to exist, we needplanetsto be attheright distance
from the starthey orbit sothatthetemperature$all betweerD-100 C (273-373K,the freezingpointand
boiling pointof water).Aroundary star thereis anarrav regionin distancecalledthezoneof habitability
wherethe temperaturegre just right and liquid water canexist. The size of this zonedependson the
spectralclassof star Tablel1 shavs the approximatdocationsof habitablezonesarounddifferenttypes
of stars:

Tablel: HabitableZonesAround Stars
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) Usethe smallgraphpaper(includedin the homavork), and markthe positionof the planetsin our
solarsystemonthegraph.Plotthe positionof the extra solarplanetsfor the planetarysystemswvhich
have morethanoneplaneton the graph.Therearethreesuchsystemsw And (3 planets)GJ876(3
planets)andHD 168443(2 planets).Usetheirrelatve masses termsof Jupiterto scaletheir sizes.
[10]

(b) Indicatefor eachStarsystemthe zonesof habitability [5]

(c) Do ary of the planetsn the graphfall insidethe zonesof habitability?Which?[5]

(d) If youweregoingto searchor life in oneof the extrasolarplanetarysystemswhich onewould you
searchandwhy?[10]



(e) Oneplanetis just outsidethe zoneof habitability Which oneis it? Canyou think of any way that
this planetmight bewarmenoughfor liquid water?[5]

(f) Arethereary planetsn oursolarsystemwhicharecloseto thezonessdges™o they have conditions
thatwould be expectedfor liquid water?Canyou guessvhy? [10]

5. Thestarsystem;y Cep,is abinarysystemwith stars

Y (AU)

of massesl.59M;, (spectralclassK1) and 0.4M;
(spectraklassM1) orbiting their commoncenterof
,...-.__‘___Neptune | massevery 74 years. The orbit of the two starsis
* guite eccentric(e = 0.44; recall that a circular or-

. bit hasan eccentricityof 0 and a parabolaan ec-
Uranyé o centricity of 1). This starsystemis the first binary
: N U T to have had a planetdiscavered. The planet, with
— | F mass1.76My,,,, orbits the more massie starevery
:' "' s i 2.5years,in anorbit with an eccentricityof e=0.2,
Ty P anda semi-majoraxisof a= 2.03AU. At perihelion
Planet G- of the planetit is at a distanceof 1.7 AU from the
R —— X 4 moremassie star andatadistanceof 2.6 AU when
| it is at aphelion. The planetis 12 AU from theless

massve starat perihelionandat 32 AU ataphelion.

Low mass star

-20 0 20
X (AL)

(a) Commenton whetheror not you believe thereis a habitablezonein this system,andif the planet
couldbewithin the habitablezone.[10]



(b) Supposea planetin a circularorbit arounda staris orbiting within thatstars habitablezone. What
will be the effect of an extremeplanetaryobliquity (e.g. somethinggreaterthanabout60°) on the
planets habitability?[5]

(c) Supposea planethadextremelyslow rotation— thatit wasin synchronousotationwhich meanshe
rotationperiodis the sameasthe orbital period. What effect would this have on the habitability?[5]



Table2: Massest Orbitsof ExtrasolarPlanetg1/9/01)

# StarName  Mass Period Orbit Size Eccen [Mp/M ]!/  Startype
[MJup]  [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 HD187123 0.54 3.097 0.042 0.01 0.8

4 HD 179949 0.86 3.092 0.043 0.0 1.0

5 ~1Boo 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 5lPg 0.46 4.231 0.052 0.01 0.8

10 v Andb 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 55Cnc 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 15

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 GJ876¢ 0.56 30.12 0.13 0.27 0.8 M
24 pCrB 0.99 39.81 0.224 0.07 1.0

25 HD168443b 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 70Vir 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 15

33 HD 37124 1.13 154.8 0.547 0.31 1.0

34 HD 169830 2.95 230.4 0.823 0.34 14

35 vAndc 2.05 241.3 0.828 0.24 1.3 F
36 HD 12661 2.83 250.2 0.799 0.20 14

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 . Hor 2.98 320.0 0.970 0.16 14

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




Table3: Masses Orbitsof ExtrasolaPlanetq1/9/01)— Contd.

# StarName Mass Period Orbit Size Eccen [M p/M ;,,]'/? Startype
[M Jup] [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 16CygB 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 v 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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