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Solutions to Set 3

Problem 3.1

Here comes a list of four possible sources of false positives

e Grazing eclipse by a binary: can easily be distinguisheti veidial velocity measurements which
would show an amplitude of several tens of km/s instead oflteds of m/s.

e Transit of a main sequence star across a giant. A spectra bt star should reveal it is a giant.
Plus the transit duration will be too long. A transit acroggant star can take many tens of hours
to days.

e Eclipsing binary in background diluted by the light of a ttidoreground object. This is difficult
to resolve with radial velocity measurements. Probablydnesry high resolution imaging, or
spectra in the infrared.

e Hierarchical binary, i.e. an eclipsing binary in orbit anoua brighter star. High resolution imaging
is needed to resolve system, or infrared measurements. ndegeon the orbital period of the
binary about the main star, one could see a radial velo@tydtdue to a binary star.

Problem 3.2

The condition to be met is

2
<Rplanet> _ 1%’

star

from which we find
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Since we mistakenly asked for 1% photometric amplitudetgans of 0.1% as planned) af}janet=
1 Ryyp We obtain
Rstar= 10 R.]up: 1 Rsun

So, we end up with a star of solar radius and, thus, a G2 star.

Problem 3.3

(a) The transit probability is jusp = Rstar/a. With a= 0.1 AU = 21.4 Rgyn andRstar = Rsun, We obtain
p = 0.046. Neptune has a radius that is 0.07 times that of the sua.pfibtometric amplitude is thus
0.072 = 0.005= 0.5%. In class, an expression for the transit duration wasgive
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which can also be expressed as
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These expressions can be easily derived using Keplers ladvassuming circular orbits.

For calculating the transit duration, we first assume artalrliclinationi ~ 0 (i.e, you are looking in
the plane of the orbit) anBstar > Rplanet Froma = 0.1 AU we findP = 0.032 years= 116 days. Thus
T =4.1 hours.

(b) For a start, we need to know the radius of a KOIII star, which i@nge from 8 to 20 solar radii.
We will use an intermediate valuBsiar= 15 Rgune Thus, the transit probability for our case is

15-7x 10 cm
P = Rsta/a= 3x108cm 0.035

The photometric amplitude is given by

% = (1/15)2 = 0.004
i.e. this looks like a transiting Neptune! In order to caidel the transit duration, we need to assume a
stellar mass. Masses of giant stars are now well known andpgam 1-2 Zg,» Let us assume a solar
mass for the moment. Hence= 2 AU implies an orbital period® = 2.82 years= 1030 days. The
transit duration is thus = 276 hours= 11.5 days, i.e. we now know it is not a transiting Neptune! Even
if we assumed = 1 Ry, We still get a transit time of 18.4 hrs. Thus the transit daracan be used to
get an estimate of how big your star is. (For the mass .(#s.n) and radius (Rsyn of the KOIIIb star
Pollux, we obtainp = 0.021,Al /I = 0.012, andr = 127 hours= 5.3 days.)

Problem 3.4
Assuming, say, a temperature of 1000 K at 1 AU from the Surnsgive sound velocity

| KT \/1.4-1&16-1000
— ~ ~V5.100~2.10° ~2km s L.
G pmy 2.1.7-1024 ms

The Kepler circular velocity at the same distance from the iSigiven by

vk =\/G.A./r ~30kms?

Obviously, at 10 or 100 AU the inequalitg < vk holds as well.

Problem 3.5

Assume power laws
coTdr?®  and TOr M,

so that
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Substitute these into the formula for the radial velocity
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Now, the stationary continuity equation
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requiressrv, = const, or
r=.r.r=¢+1/2 — const

whence
n=-&+3/2

Therefore, a general solution is
TOr ¢,  vOor %2 sgride

To be “physical”, these solutions must have at |éast O (the farther out from the star, the colder).
On the other handé < 3/2 is a reasonable requirement (the surface density is n@&ceeg to grow
outward). These are not strict limitations though.

Plotting several of these solutions, for instanceffer 0, 1/2, 1, and 32 is straightforward. Hopefully
you will not do that in linear scale... log-log is the mosturat scale to plot power laws.

Addendum: To better understand the concept of viscosity, it can belgil to study the outward
transport of angular momentum trough a viscous disk.

The dynamical viscosity) is defined through the frictional force per area (= stressiten between
two layers spaced by a distanfig with relative parallel velocityAv:
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and straight-forward differential version reads
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where the Kepler velocity is given by,
G
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the viscosity can be expressed as,
n=pv=pacsh,

and the contact area of the viscous layers reads
A=2mrh.

In addition the disk’s scale heightis given by
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HereQy is the Keplerian angular frequency,
G
Qk = 3
andcg the sound speed,
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What remains to be known is the local mass dengijtwhich is related to the surface mass denZity
through



Since we knowE O r—1, we can writeX = Zoro/r and
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Finally, the force is related to the angular momentum tremg

. dv
L:rF:rnA&
and we find
. 1 /G#
L = r(pacsh)(anh)(—é r—3)
= —mnapch®>VG.ur
«///disk> 2
= —ma| —— h*vVG.Zr
<2mhRdisk &
Misk > c2
= —7a =\ GAHr
<2deisk Qg

B Mdisk KT \ »
- <27TfRdisk> (Hmp> '
_ (r///disk> < KT )
B 2MRyisk ) \ UMy )

Now, we can use standard estimates fordhearameter{ 10-2), the temperatureT(~ 100 K) and
the molecular weighty( =~ 2). If we consider = Ryjsk for convenience, we find

L~ 4x10° Nm.

For the Sun, we have

(with P~ 25d = 25-86400 s). So, we can write
Lre4x10 ML, st~n103 L, yrt

Thus, the mechanism can transport a significant amount aflanghomentum outward within a few
thousand or tens of thousands of years.



