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Solutions to Set 9

Problem 9.1

A depth of
0.00064= (Ry/R.)?

corresponds to a radius
Ry = 1.77x 10* km = 2.78Rs.

Given an Earth density, the mass of this planet would be
Mp = 1.29x 107° g = 215 M., = 0.07 Myyp

From
2nG
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with the periodP = 0.65 days, a stellar mads, = M, andi = 9(°, we get a velocity amplitude

A=158 m/s

Problem 9.2

The following steps should be performed:

» Take on/off photometry, i.e. observe the star in transit ant-of-transit to make sure that the target

star is the one causing the transit.

» Take a spectrum to determine that the star is a dwarf and giaha star.

Take high resolution imaging to exclude nearby, faint lgmoknd stars

» Take infrared spectroscopy to make sure that a late-typaryistar (triple system) is not causing the

transit

Take a few radial velocity measurements to exclude a ggezitipse by a binary.

If all of these tests are passed, the only possible expamaithat the star is transited by an object with a
radius of 278 R;,. There are only 3 astronomical objects with such a smaluged white dwarf, a neutron
star, and a planet. The first two would cause a radial velo®tiation of tens of km/s, easily excluded with

a few RV measurements at low precision.



Problem 9.3

If the material from both sides of the gap can reach the gajeceiithin one orbital period, the gap is closed.
Thus, we have to equate the time the planet needs to reachrtfe @osition relative to the gas again with
the time needed for the gas to traverse a distance equal piethet’'s Hill radiusry:
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wherevy is the speed at which the gas can refill the gap ands the difference between the tangential
velocities of gas and embryo:
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with n = ¢2/vZ. Using

we arive at

and solving for.#, leads to
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Now, we can assume a filling velocity that equals the radiift eklocity:
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from which we obtain
3mac2\
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Assuminga = 0.001...0.01 and.#, = M, leads to

My = 25x10°4,...25x 10734,
~ 1 MEB L2 MJup

Problem 9.4

In case of a massive planet, the gap stays more or less claadeithe amount of material that streams into
the gap per orbital perioR is given by

A = Amrhpgagvin P,

whereh is the scale height of the disk andm the “surface” of the gap. Usinggas= >gas/h (Where
h=cs/Qk), we find
Ay = AT Z gV P.

Assuming NOWEgas= 10 mmsn = 10000 kg M2, vy ~2 ms1, P=3.16x 10’ s, andr = 1.5x 10t m,
we obtain
Aty =12x 107 kg= 0.2 4,

which is quite a lot: that's M pin 1500 years.



A low-mass planet, on the other hand, always finds a filled & of it and can eat all the material within
this gap that that comes closer than one hill radius, i.eryévieg that streams through the cross section
defined by its Hill radius:

Aty = mapgasvrelp
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With P =3.16x 10’ s, = 10000 kg/cm, andcs = 1000 m/s, we end up with

2/3 2/3 2/3
Ay~ 1.5x 107 kg (%) ~12 M (;Zp> ~25x10°° 4, (%)
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