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ANSWER KEY
• For some questions, extra explanation is provided to clarify that was not needed in the answer.

• In some cases, not all correct answers are listed. Especially in the case of something that
has multiple correct answers. Further research may be required to ensure that your answer is
incorrect.
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PART A
1. There are lots of ways! Here are some examples: Parallax, Spectroscopic parallax, Hubble’s Law,

Distance modulus (1pt per correct method, there should be 2)

2. (a) It is shorter

(b) Red Giant

(c) Nuclear Fusion

(d) In the core

(e) B. Triple-Alpha Process

3. (a) Strong presence of Hα

(b) The temperature increases.

(c) Density: greater, Temperature: lower

(d) Spicules appear to veer in the direction of the magnetic field lines.

(e) Solar spicules appear to form in areas where magnetic field lines contact the surface of the
sun.

4. (a) OBAFGKM

(b) Strength of hydrogen lines

(c) The peak wavelength of the continuous emission spectrum can be used to determine temper-
ature of the star, which we can match to the spectral class.

(d) Hot stars, they are producing higher energy to the point that they can ionize helium

(e) Tc is unstable and if any had built up we would have expected it to decay

(f) Iron (or Fe) and Hydrogen (or H)

(g) It should increase because the star is always fusing lighter elements into metals.

5. (a) Loss of mass in a star may result in it evolving as a lower mass star.

(b) Stars form a variety of elements through stellar nucleosynthesis and stellar winds carry those
out into the interstellar medium.

(c) Stellar winds have a higher density that the interstellar medium.

(d) ANY OF: Outflows, Jets, Explosive behavior

6. (a) It is being ionized by nearby young stars, so it is giving off radiation. OR This is an absorption
nebula.

(b) Bok Globule

(c) It is dense, and therefore absorbing radiation.

7. (a) Hydrogen only clumps up when it’s cool, it won’t clump up when heated

(b) Jeans Length

(c) i. ANY OF: Uneven distribution of matter, gravitational collapse starting in different ar-
eas of the cloud, stellar winds (or radiation pressure would also work) pushing material
together.

ii. Several smaller stars.

8. (a) A

(b) Longer, they have an extremely low rate of fusion because of their lower mass and luminosity
and cooler temperature

(c) Higher

(d) They only have a convective zone, so the material in the star is always being mixed around,
so more will reach the areas of fusion.
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9. (a) The star expanding too much and gravitational forces overtaking the energy generated in the
core

(b) Ionizes He+ to He++

(c) The free electrons significantly increase the opacity of the star through scattering, so light is
absorbed and the pressure gradient here increased.

10. (a) K

(b) Type Ia, the helium flash is runaway nuclear fusion in the core, which is what causes a Type
Ia supernova.

(c) The Urca process, which releases energy in degenerate stars via release of a neutrino from
a baryon, is most efficient in denser areas, so the center of the star might actually be cooler
than the surrounding core.

(d) EITHER OF: Excess of helium in the outer layers of post-helium flash stars, unprocessed
hydrogen mixed into the core causing strange behavior of the star

(e) i. Decreases ii. Increases iii. Decreases

11. (a) The star’s variability is caused by internal changes to the star

(b) Long-period Variable

(c) Asymptotic giant branch

12. (a) White Dwarf

(b) i. Accretion disk

ii. The material has too much angular momentum

iii. Hot spot, Frictional forces between the incoming stream and existing disk cause the ma-
terial to heat up and glow brighter

(c) Nuclear fusion

(d) When the material on the surface of the star gets hot enough to initiate hydrogen fusion

(e) B. On the surface of the compact object

(f) A recurrent nova has detonated more than once

(g) Classical novae might be recurrent, but on longer time scales. There appears to be no differ-
ence in the mechanism that causes them.

13. (a) 10

(b) The pulsations of Mira variables change the chemical composition of the star slightly

(c) Yes, we observe more spectral lines because we include the spectrum of the inner layers as
well

(d) i. Decreases

ii. Less Than, Less Than

iii. This star will appear dimmer (1 pt), dust obscures light (1 pt)

iv. B. Spitzer (1pt), Infrared isn’t obscured by dust, and Spitzer is an IR telescope (2pts)

14. (a) The telescope has to be extremely cold so that the data isn’t affected by the IR radiation
given off by its heat

(b) Refracting telescopes use lenses, reflecting use mirrors

(c) The atmosphere blocks X-Rays

15. (a) Used to generate a light curve, which can be matched to a variable star.

(b) Used to generate a spectrum, which can determine the chemical composition of a star, which
can be matched to similar variable stars.

16. (a) A (b) A
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PART B
17. (a) Li (Lithium)

(b) Lithium burning can occur at a relatively low temperature, so lithium is often used up after
the early stages of a star’s life.

(c) Heightened magnetic field on a place on the surface of the star.

(d) Periodic, the dark spot would rotate in and out of view at a constant rate.

(e) The accretion disk around the T Tauri Variable

(f) Dust obscures some light from the star, and inconsistent amounts of dust will cause different
amounts of light to shine through.

(g) Non-periodic, the dust is always moving around and changing and so the amount of filtered
light is always changing.

18. (a) Flaring of the star

(b) Magnetic fields

(c) These are probably common events

19. (a) Kappa Mechanism (or a description–something like luminosity pulsations caused by opacity
variations–also works)

(b) Any of (and not entirely limited to): Cepheids, RR Lyraes, Mira Variables. If your answer
doesn’t match any of those, you can do some research to see if it is correct.

(c) D

(d) It is much bluer than most variable stars OR it falls to the left of the main sequence, where
most variable stars fall to the right.

(e) BLAPs do not fall on the main sequence.

(f) Post-main-sequence, shows strong helium lines indicating that the star has already fused a lot
of helium

20. (a) An envelope of material that two stars share

(b) They are losing their kinetic energy to the friction of the common envelope

(c) Helium

(d) Type .Ia Supernova, it is less energetic

(e) A helium layer forms on the white dwarf photosphere which ignites once it gets massive
enough (around 0.1M� accreted). This then results in runaway nuclear fusion.

21. (a) A classical nova forms an accretion disk and undergoes a runaway fusion outburst. An SSS
forms an atmosphere and undergoes fusion at a steady rate.

(b) These variables are hydrogen-rich while AM CVn stars are hydrogen-poor

(c) Yes, Type Ia supernova

(d) ANY OF: Eclipsing binary light curve, spectral line broadening (there may be other correct
answers as well).

22. (a) Dwarf nova

(b) Wide peaks: Yes, Narrow peaks: No

(c) The star brightened significantly between the two observations

(d) i. The 0.4M� star

ii. Red Dwarf
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PART C
23. (a) 251.2 pc (210-290 pc)

(b) 94.1 nm (80-110 nm)

(c) Final Answer: Largest - 4.91 R� Smallest - 4.49 R�

24. (a) 15

(b) Intrinsic, the light curve has consistently repeating peaks.

(c) Sorry, it’s a little messy–see the solutions guide for a full description of how to do this one.

(d) The period is increasing - an upward-facing parabola indicates increasing period.

(e) There isn’t a specific answer for this one (period changes typically happen over a lot more
time than a few months, so there really isn’t an answer), really any reasonable guess would
get credit. The main purpose of this question was to get you hypothesizing. A couple
of possibilities: Extremely strong magnetic field activity, bizarre interactions with a binary
partner.

(f) 0.032 days/cycle (0.024-0.040 days/cycle)
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25. (a) Star A, it has a much higher velocity relative to Star B, so its lines would be more shifted.

(b) 0.8 years

(c) Very circular, the radial velocity curve appears to be an undistored wave.

(d) 0.857 M� (0.75-0.95 M�)

(e) 20700 L� (20000-21500 L�)

(f) White Dwarf, Blue Giant

(g) The blue giant star evolves much faster than the white dwarf progenitor, so it should have
gone supernova and become a stellar remnant before the white dwarf.

PART D
26. (a) ACIS

(b) 1296 counts

(c) 321 seconds (305-335 seconds)

(d) In addition to the 321 second period, the light curve appears to oscillate in amplitude as well.
(NOTE: You don’t need this part, I want to offer an explanation for this—this is probably a
result of how they generate a light curve. From my measurements, every 250 seconds or so
they put the counts measurement for that period of time, and because of this offset there is
some interference that happens in the wave (i.e. some of the trough cancels out some of the
peak) of the light curve, which affects the amplitude of the wave measurement and results in
the interesting secondary oscillation. This is just my speculation, though, I do not claim to
actually know what’s going on. I just though this was interesting to think about, and decided
to share my theory here.)

(e) 750-648 = 102, (90-110)

(f) 7590 eV (7575 - 7600 eV)

(g) Iron
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