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Topics in Observational Astrophysics: Example Sheet 4 
 
1. The radial velocity technique provides a measurement of f = msini for an 
exoplanet, where m is the actual mass of the planet and i is the angle between the orbital 
axis and the observer’s line of sight. On average, what is the value of m/f ? 
 
2. Show that for planets in circular orbits, the probability that the system shows 
transits is 

𝑃𝑃𝑡𝑡 = �𝑅𝑅𝑠𝑠𝑡𝑡𝑠𝑠𝑠𝑠 + 𝑅𝑅𝑝𝑝�/𝑎𝑎 
 
where  Rp is the radius of the planet, Rstar is the radius of the star and a is the radius of 
the orbit. For a population of systems characterized by Rp and a, define two samples 
both of equal sample size N. Sample 1 has only the nearest transiting objects and sample 
2 has simply the nearest objects regardless of whether they transit of not. Define 
 

𝑓𝑓 =
𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑎𝑎𝑑𝑑𝑑𝑑𝑎𝑎 𝑜𝑜𝑓𝑓 𝑑𝑑𝑎𝑎𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎 1
𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑎𝑎𝑑𝑑𝑑𝑑𝑎𝑎 𝑜𝑜𝑓𝑓 𝑑𝑑𝑎𝑎𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎 2

 

 
Derive an expression for f in terms of Rp, Rstar and a. What are the values of  f  for 
a) Rp = 1 Rjup,  Rstar = 1 Rsun   and a = 5 AU 
b) Rp = 1 Rjup,  Rstar = 1 Rsun  and a = 0.05 AU 
c) Rp = 1 REarth,  Rstar = 1 Rsun   and a = 1 AU 
 
How does the transiting sample distance vary with field of view? 
 
3. Show from first principles that the equilibrium temperature of an exoplanet is  
 

𝑇𝑇𝑝𝑝 = �
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where A is the bond albedo, σ is the Stephan-Boltzman constant, d is the distance 
between the planet and the star, Lstar is the star’s luminosity, Tstar is its temperature and 
Rstar is its radius. 
 
Calculate the equilibrium temperature of the Earth. Compare your answer to the actual 
mean surface temperature of the Earth and discuss. 
 
4.  Alpha Cen A and B orbit each other in an eccentric orbit with a periastron 
separation of 11 AU. The mass of star A is 1.1 Msun and the mass of star B is 0.91 Msun. 
What range of orbits are stable for an exoplanet orbiting just one of these stars? 
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5. Consider a dust grain of radius r, mass m and density ρ at a distance a from a star 
with luminosity L and mass M. 
 
a) Derive expressions for the gravitational force Fg and the radiation pressure force, Fr 
on the grain. 
 
b) Derive an expression for the critical grain size, above which the gravitational force 
dominates. Calculate the critical grain size for ρ = 103 Kg/m3, L = Lsun and M = Msun. 
Compare your answer to the typical size of grains in the interstellar medium (~0.1μm) 
and discuss the implications for planet formation. 
 
c) If the grain is surrounded by gas particles they will apply a third force acting on the 
grain. Explain how this mechanism works and its implications for planet formation. 
 
6. Let C be the observed planet-star contrast (flux ratio) = Fplanet/Fstar. Also, let α be 
the observed angular separation of the star and the planet. For reflected light, sketch, in 
the C - α plane the curve generated as the planet orbits the star for: 
 
a) a face on system. b) an edge on system. c) a system with i = 45 deg. 
 
d) If we could observe our solar system from a distance of 10 pc , what would be the 
maximum values of C and α for the Earth and for Jupiter. 
 
7. The MIRI instrument on JWST can do spectroscopy at λ ~ 10μm with a spectral 
resolution of R = λ/Δλ=150. JWST has a primary mirror of 6.5m diameter and MIRI 
records 20% of the light hitting the primary mirror. 
 
a) If MIRI is used to observe Proxima Cen, calculate the rate at which it records photons 
for a single spectral channel. You can assume that Proxima Cen has a blackbody 
spectrum, its radius is 0.15 Rsun, its temperature is 3000K and its distance is 1.3pc. 
 
b) It is believed that Proxima Cen has a planet with a radius of 0.01 Rsun and a 
temperature of 300K. Calculate the planet-star contrast. 
 
c) Assume the planet’s spectrum has a spectral absorption line which is half the depth 
of the planet’s continuum and a width of one spectral channel. What exposure time is 
needed to detect this line with a signal-to-noise ratio of 5? You may assume that 
readnoise, background light and dark current are all negligible. 
 
d) Comment on your result for part c). 
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