
MyAO Finals 2022: Practical Round

There are 3 problems. Each problem is worth 10 points. Problems are not sorted by difficulty.

1 Problem 1

The figure below shows the light-curves of the 7 exoplanets that transit the star TRAPPIST-1
which is an ultra-cool red dwarf star in the constellation of AQUARIUS. These 7 exoplanets
were discovered by the Transit Photometry Method.
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Following the naming system, TRAPPIST-1b is the closest exoplanet to the star TRAPPIST-1.
TRAPPIST-1c is the next closest exoplanet to the star and so on until TRAPPIST-1h which
is the furthest exoplanet from the star.

From the 7 light-curves in the diagram, determine the periods of orbital motion (in Earth-
days) of the 7 exoplanets orbiting TRAPPIST-1. (Assume that during the 7 transits of the
exoplanets, these exoplanets transit across the full diameter of TRAPPIST-1

The radius of TRAPPIST-1 is 84,180 km.

The orbit of TRAPPIST-1b has a semi-major axis of 0.0115 AU.

The orbit of TRAPPIST-1c has a semi-major axis of 0.0158 AU.

The orbit of TRAPPIST-1d has a semi-major axis of 0.0220 AU.

The orbit of TRAPPIST-1e has a semi-major axis of 0.0290 AU.

The orbit of TRAPPIST-1f has a semi-major axis of 0.0380 AU.

The orbit of TRAPPIST-1g has a semi-major axis of 0.0470 AU.

The orbit of TRAPPIST-1h has a semi-major axis of 0.0620 AU.)
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2 Problem 2

You are given the visible light spectra of six galaxies A to E with notable emission (blue)
and absorption (red) lines labelled. Complete the table after the six figures. Here are the
explanations for the headers

• λHα (Å) is the observed wavelength of the Hα emission line.

• λOII (Å) is the observed wavelength of the OII emission line.

• ∆λHα (Å) is the difference between the observed wavelength and rest wavelength of the
Hα emission line.

• ∆λOII (Å) is the difference between the observed wavelength and rest wavelength of the
Hα emission line.

• zHα is the redshift corresponding to your calculations on the Hα emission line.

• zOII is the redshift corresponding to your calculations on the OII emission line.

• z is the average of zHα and zOII.

• v (km s−1) is the recessional velocity of the galaxy.

• D (Mpc) is the distance to the galaxy.

The following information might be useful.

• The unit angstrom, Å has the relationship 10 Å = 1nm

• The rest wavelength of Hα is 6565 Å

• The rest wavelength of OII is 3728 Å

• z = λobsv−λemit

λemit

• 1 + z =
√

1+v/c
1−v/c

• c = 299, 792, 458 ms−1

• Hubble’s Law, v = H0D where H0 = 70 km/s/Mpc

If you have difficulty expressing v in terms of z, you can use the approximation v ≈ zc. Note
that this will incur a score penalty.
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1. Write down your equation for calculating v from z.

2. Copy the table below to your answer sheet and complete it.

ID λHα (Å) λOII (Å) ∆λHα (Å) ∆λOII (Å) zHα zOII z v (km s−1) D (Mpc)

A

B

C

D

E

F
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3 Problem 3

Data below is a sample from survey result from GAIA data release 2 of a small section of the
sky, with a field of view of 2 arc-minutes, observing a star cluster. The explanation on the
columns are as follow

• Designation is the star’s designation based on the survey run

• ra is right ascension

• DEC is declination

• parallax is parallax measurement of the star

• pmra is proper motion in along the RA

• pmdec is proper motion along the DEC

• BP-RP is colour index, BP-RP in magnitude scale

• bp-g is Bp-G colour index in magnitude scale

• g-rp is G-Rp colour index in magnitude scale
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1. Plot a graph to distinguish the background star(s) from the members of the star cluster
on a graph paper.

2. Which star(s) are not part of the star cluster? Explain.

3. What type of star cluster do you think this is? Explain.
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