
ASTRONOMY
SSSS 2021

Information
• This exam contains 4 sections, 120 questions, and 225 points.

• In a typical competition setting, you would have 50 minutes to complete this exam.

• This exam was written before the 2022 Astronomy rules came out and is based on the topic Stellar Evolution
and Low-to-Mid-Mass Variable Stars. Part B does contain DSOs, but no prior knowledge about the
specific objects is needed.

• The last section of this exam is a JS9 question. You will need to access https://js9.si.edu/nso/nso.html to
answer this question.

• Make sure to answer calculation questions in the unit specified on the answer sheet and/or in the question.
You don’t need to worry about signficant figures, just use three or more. A range of answers for calculation
questions will be accepted.

• Written by RiverWalker88. Feel free to PM me on the forums or discord if you have any questions/comments
(or feedback, I always like feedback).
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Part A
CONCEPTUAL UNDERSTANDING
Section Information: This section will cover general astronomical information and relationships. It contains 66
questions (total, including multiple parts) and 100 points.

1. [2 pts] List two methods of distance measure in astronomy.

2. The following questions are some miscellaneous stellar evolution questions.

(a) [1 pt] How does the lifespan of a high-mass star compare to the lifespan of a low-mass star?

(b) [1 pt] When the sun expands to engulf the Earth’s current orbit, what phase of stellar evolution will it have
entered?

(c) [1 pt] During a majority of a star’s life, what process occurs in the core in order for it to generate energy?

(d) [1 pt] Where does nuclear fusion mainly occur in main-sequence stars?

(e) [1 pt] Which of the following processes do main-sequence stars not undergo?

A. Proton-Proton Chain

B. Triple-alpha Process

C. CNO Cycle

D. They do not undergo any of the above

3. This question is about our sun’s chromosphere.

(a) [1 pt] What causes the red color of the solar chromosphere?

(b) [1 pt] As elevation increases in the chromosphere, what happens to the temperature?

(c) [2 pts] Solar spicules are jet-like that shoot off of the sun’s surface into the chromosphere. Image A shows
a temperature map (top) and a density map (bottom) of part of the chromosphere. Solar spicules are
indicated by arrows, and magnetic field lines are indicated on the temperature map. How does the density
of solar spicules compare to that of the chromosphere? How about temperature?

(d) [2 pts] Based on this figure, how does the solar magnetic field influence the direction that a spicule shoots
out at?

(e) [2 pts] Based on this figure, how does the solar magnetic field influence the formation of spicules?

4. This question is all about stellar spectra, spectral types, and chemical composition.

(a) [1 pt] List the spectral classes from hottest to coolest (I know, extremely original).

(b) [1 pt] When spectral classes were first determined, they went in a sensible, alphabetic order (A, B, C...).
What property were they originally based on?

(c) [2 pts] How can we determine the spectral class of a star using its continuous spectrum?

(d) [2 pts] Do spectral lines of ionized helium correspond to hot or cool stars? Why?

(e) [2 pts] In 1952, Technetium (Tc, element 43) was detected in the spectra of stars. Why might this have
been a surprising discovery?

(f) [1 pt] A star’s metallicity is typically characterized as the amounts of which two elements in a star to the
amounts in the sun?

(g) [2 pts] In an isolated system, how would you expect the metallicity of a star to change as it evolves? Why?

5. This question focuses on stellar winds and mass loss in stars.

(a) [2 pts] How does mass loss affect a star’s evolution?

(b) [2 pts] How is stellar mass loss a major contributor to the chemical abundance of the interstellar medium?

(c) [2 pts] Stellar winds contribute a significant amount of dust to the interstellar medium. What makes stellar
winds a better environment for dust formation than the interstellar medium in a galaxy?

(d) [1 pt] Other than stellar winds, what is one way that a protostar can undergo mass loss?
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6. For this question, refer to Image B.

(a) [1 pt] The material surrounding the dark area in the center all appears bright. Why is this material
illuminated?

(b) [1 pt] What is the dark area in the center?

(c) [1 pt] Why does the dark area appear dark?

7. The following questions are about molecular cloud collapse.

(a) [1 pt] Before a molecular cloud is able to collapse, the material needs to be at a low temperature. Why is
this?

(b) [1 pt] What property describes the maximum size of a molecular cloud for it to begin collapsing?

(c) A large molecular cloud won’t necessarily form one large star. Instead, it might begin to fragment.

i. [1 pt] What might cause the fragmentation of the cloud?

ii. [1 pt] What will form out of this molecular cloud instead of one large star?

8. The following questions are about red dwarf stars.

(a) [1 pt] At which letter on the H-R diagram in Image D would a red dwarf star fall?

(b) [2 pts] Do red dwarfs typically live longer or shorter lives than higher-mass stars? Why?

(c) [1 pt] Over the course of their lives, red dwarf stars will fuse a [higher/lower] percentage of their hydrogen
into helium than the sun.

(d) [2 pts] How does the structure of red dwarfs contribute to the answer in (c)?

9. The following questions are about stars on the instability strip of the H-R diagram.

(a) [1 pt] What causes a star on the instability strip to contract?

(b) [1 pt] Near its smallest radius, one of the outer layers is heated to a really high temperature. What change
to the composition of the stellar atmosphere does this make that will favor outward forces on the star?

(c) [1 pt] Why does this change favor the outward pressure from light in the star?

10. The following questions are about the helium flash stage of stellar evolution.

(a) [1 pt] At what point on the H-R diagram in Image D does the helium flash for a sun-like star occur?

(b) [2 pts] The mechanism for the helium flash of a sun-like star is more similar to the detonation of a [Type
Ia/Core-Collapse] supernova. Why?

(c) [2 pts] When the helium flash in a sun-like star first ignites, it probably ignites in an off-center area, even
though the center is the densest. Why is this?

(d) [2 pts] We believe that core convection in the helium flash of a sun-like star is contained completely in
the core and does not mix with the outer layers. If, instead, convection during the helium flash mixed
throughout the star, what is one feature we could observe to confirm this?

(e) [3 pts] For each of the following, list whether the property increases, decreases, or stays about the same
from a pre-helium flash sun-like star to a post-helium flash star.

i. Luminosity

ii. Temperature

iii. Radius

11. The following questions are about variable star classification

(a) [1 pt] What makes a variable star an intrinsic variable?

(b) [1 pt] What does LPV stand for?

(c) [1 pt] Which stage of stellar evolution would an old, low-mass variable star be in?
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12. The following questions are about classical novae.

(a) [1 pt] The current model of a classical nova involves a binary system with an evolving star and a compact
object. What is this compact object?

(b) The compact object gravitationally pulls material off of the star, which then spirals around the compact
object. This is shown in image C.

i. [1 pt] What structure does the spiraling material form?

ii. [2 pts] Why does the material spiral around the white dwarf as opposed to directly falling onto its
surface?

iii. [3 pts] In image C, there is a bright spot where the stream of material from the star comes in contact
with the material already spiraling around the compact object. What is this bright spot called (1 pt),
and what causes the material here to be bright (2 pts)?

(c) [1 pt] What nuclear process releases the energy for a nova explosion?

(d) [1 pt] At what point is this nuclear process triggered?

(e) [1 pt] Where does this nuclear process take place?

A. In the middle of the compact object

B. On the surface of the compact object

C. In dense areas in the center of the material spiraling around the compact object

D. On the surface of the evolving star

(f) [1 pt] What is the main difference between a recurrent nova and a classical nova?

(g) [2 pts] What is the reasoning behind the theory that recurrent novae and classical novae could be the same
object?

13. The following questions are about Mira variables.

(a) [1 pt] (Fill in the blank) Mira variables can vary in brightness scales of up to magnitudes.

(b) [2 pts] The spectrum of a Mira variable changes slightly over its pulsations (for example, if you observed a
single variable at its peak brightness twice, the spectrum would be slightly different both times even though
you observed it at the same time). What does this imply about how pulsations affect the star?

(c) [3 pts] Mira variables are fairly translucent stars. Would this have an effect on the spectrum of this star (1
pt)? If so, how does the stellar structure affect the spectrum? If not, why doesn’t this affect the spectrum?
(2 pts)

(d) Changes in dust concentration caused by temperature variations on the surface of the star can result in even
more dramatic brightness variations of a Mira variable (i.e. the difference between high and low brightness
is greater).

i. [1 pt] Based on this information, as the variable’s temperature increases, dust concentration [increases/
decreases].

ii. [2 pts] Because of the effect of dust, at maximum brightness we observe the star’s brightness to be
[greater than/less than] what it really is, and at minimum brightness we observe the star’s brightness
to be [greater than/less than] what is really is.

iii. [2 pts] How will a greater concentration of dust affect how we observe the star? What about dust causes
this?

iv. [3 pts] Which telescope would be best for determining what the variations in magnitude of the star is
without the effects of obscuring dust? Why?

A. Chandra

B. Spitzer

C. The Very Large Array

D. The Very Large Telescope

14. The following are general questions about the tools that pretty much make astronomy possible.

(a) [2 pts] What challenges does creating an infrared telescope present that other telescopes do not?

(b) [2 pts] What is the difference between refracting and reflecting optical telescopes?

(c) [1 pt] Why do X-Ray telescopes have to be space-based (or balloon-based) telescopes?
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15. For each of the following observing techniques, describe how it can be used to identify what type of variable star
an object is.

(a) [2 pts] Photometry

(b) [2 pts] Spectroscopy

16. The following are what ifs.

(a) [1 pt] Which of the following are brightest in X-Rays?

A. Cataclysmic Variable

B. Pulsating Variable

C. Brown Dwarfs

D. Main-Sequence Star

(b) [1 pt] If a variable star is bright in Ultraviolet light, what does this suggest about its temperature?

A. It is hotter than the sun

B. It is similar temperature to the sun

C. It is slightly cooler than the sun

D. It is much cooler than the sun (i.e. Within a few Kelvin of absolute zero)
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Part B
CASE STUDIES
Section Information: This section will introduce Deep Sky Objects that demonstrate topics relevant to the rules.
No prior knowledge about the specific objects are needed. This section contains 30 questions and 50 points.

17. ChOPS J182737.08-034937.9
ChOPS J182737.08-034937.9 is a T Tauri variable (whose name I am not envious of). Image E shows the
spectrum of this star.

(a) [1 pt] Which spectral line is indicative of the age of this star?

(b) [2 pts] Why does the presence of this element show the age of this star?

(c) [1 pt] T Tauri stars like this one have massive sunspots on their surface, which rotate in and out of view.
What is the cause of these sunspots?

(d) [2 pts] Would this result in periodic, non-periodic, or no variability in the light curve of this variable? Why?

(e) [1 pt] Dust obscuring the star is also a source of variability. What is the source of this dust?

(f) [2 pts] How does dust obscuration cause variability?

(g) [2 pts] Would this result in periodic, non-periodic, or no variability in the light curve of this variable? Why?

18. Proxima Centauri
Proxima Centauri is a red dwarf star. This question will look at some of the variability of this star (it’s relatively
short because we already covered red dwarfs in depth in Section A).

(a) [1 pt] The radio light curve of a red dwarf star is shown in image F. What event occurred at the red peak?

(b) [2 pts] What is the cause of the event in (a)?

(c) [1 pt] ALMA observed this red dwarf for 10 hours over the course of three months, during which time this
event occurred. What does this suggest about the frequency of these events?

19. OGLE-BLAP-014
OGLE-BLAP-014 is a BLAP star (no, I’m not telling you what that stands for—it gives too much away).

(a) [2 pts] The light curve of this star is shown in image G. Based on this, what causes the variability in this
star?

(b) [1 pt] Name another class of variable stars that has the same cause of variability.

(c) [2 pts] The effective temperature of this star is 30,900 K. At what letter on the H-R diagram in Image D
would this star fall closest to?

(d) [2 pts] How does this position compare to where most variable stars fall in the H-R diagram?

(e) [2 pts] There was a theory that BLAP stars might be pulsating main-sequence β Cephei stars. How does
the evidence in your previous answer rule this theory out?

(f) [3 pts] Based on the spectrum shown in image H, does this star appear to be a pre-main-sequence or
post-main-sequence star? Why?

20. AM Canum Venaticorum
AM CVn is a cataclysmic variable.

(a) [1 pt] These stars evolve through a common envelope phase. What is a common envelope?

(b) [2 pts] Why might this common envelope phase cause the stars to spiral closer together?

(c) [1 pt] Based on the spectrum in image I, what element does this envelope primarily consist of?

(d) [2 pts] AM CVn systems form a special type of type Ia supernova. What type of supernova is it (1 pt), and
how is it photometrically different from a type Ia supernova (1 pt)?

(e) [2 pts] How does an AM CVn system end up detonating as a supernova?
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21. RX J0925.7-4758
Super Soft Sources (SSSs) are a cataclysmic variable with temperatures between 200,000 and 800,000 K. The
currently accepted theory of these objects is that they are white dwarfs with classic hydrogen fusion occurring
from material accreting onto their surfaces. Accretion from a companion star would occur at a high rate, so that
the white dwarf acquires a red-giant-like atmosphere.

(a) [2 pts] How do SSSs contrast with a classical nova?

(b) [2 pts] What is one major difference between the chemical composition of RX J0925.7-4758 and AM Canum
Venaticorum (Hint: There is enough information on this exam for you to tell).

(c) [2 pts] Could these systems form a supernova? If so, what type? If not, what is their fate?

(d) [2 pts] What is one piece of observational evidence that would indicate that SSSs like RX J0925.7-4758 are
binary systems?

22. SS Cygni
Are you serious another cataclysmic variable? Aren’t you ever going to get over the white-dwarf-something-else-
binaries? (Hint: No, I’m not.)

(a) [1 pt] The light curve of SS Cygni is shown in image J. What type of nova is it?

(b) [2 pts] There appear to be wider peaks and narrower peaks in this light curve. Does there appear to be
periodicity to the wide peaks? What about the narrow peaks?

(c) [2 pts] During the increase in brightness of the peaks, there are often large spaces in between data points.
Why are there these large spaces?

(d) Switching gears a little bit, the masses of the component stars of SS Cygni are interesting. The mass of the
white dwarf is 0.6M� and the mass of the other star is 0.4M�.

i. [1 pt] Which of these stars travels faster to complete a rotation?

ii. [1 pt] The 0.4M� star is on the main sequence. What type of star is it?
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Part C
THEORETICAL SCENARIOS
Section Information: This section will introduce theoretical scenarios to be analyzed (mainly numerically). In
other words, I made something up so that you had to do some calculation problems. This section contains 16
questions and 55 points.

23. Period-Luminosity and Distance
The light curve of a fictional RR Lyrae variable, γ Gar is shown in image K. The spectral class varies from A7
(Surface Temp: 7920K) to F8 (Surface Temp: 6300K)

(a) [4 pts] How far away is this variable star (in parsecs)?

(b) [4 pts] From γ Gar’s coolest to hottest, how many nanometers does its spectrum’s peak wavelength shift?

(c) [6 pts] What is the range of radii that this star varies between?

24. O-C
Image M shows the best-fit light curve of the first observation of a fictional variable star, δ Ezz. Images N, O,
and P also show the light curve taken at several different times. Using methods of dAtA eXtRaPoLaTiOn, we
were able to determine the cycles of each of the shown light curves since the start of observing:

• Image M shows cycles 1 and 2 of this star.
• Image N shows cycles 9 and 10 of this star.
• Image O shows cycles 16 and 17 of this star.
• Image P shows cycles 22 and 23 of this star.

(a) [1 pt] What is the period in days for the first two cycles of this star?

(b) [2 pts] Is this variable star more likely an intrinsic or extrinsic variable star? Why?

(c) [9 pts] δ Ezz was observed three more times as time went on, shown in images M, N, O, and P on the image
sheet. Using the period you determined in (a) to forecast the model, as well as the observations of this star,
sketch an O-C diagram for this variable star on the answer sheet. Remember to provide a scale for your axes!
Note: Fillable tables are provided on the answer sheet for convenience, but only the graph will be scored.

(d) [2 pts] What is happening to the period of this variable star? What information on the O-C diagram you
created tells you this?

(e) [2 pts] What might be causing the trend you observe in (d)?

(f) [2 pts] What is the rate of change of the variable star’s period?

25. Binary System
The radial velocity curve of a binary system is shown in image L. For your convenience, each gridline on the
y-axis represents 4m/s. Star A is shown in red (and has the higher amplitude), Star B is shown in blue.

The spectrum of this binary system was taken at 0.2 and 0.6 years. Some of the spectrum’s lines shifted
dramatically after the time passed, while other lines had hardly noticeable shifts. Some specific shifted lines are
given below:

• High Shifted Spectral Lines: Carbon, Oxygen

• Minimally Shifted Spectral Lines: Neutral Helium

We were able to use the continuous emission spectrum to determine the temperatures of these stars: Star A has
a surface temperature of 12,000K, Star B has a surface temperature of 21,000K.

(a) [2 pts] Which star does the highly shifted spectral lines correspond to? Why?

(b) [2 pts] What is the orbital period of this system?

(c) [2 pts] Do these stars orbit on highly elliptical or more circular orbits? How can you tell?

(d) [6 pts] What is the mass of Star A?

(e) [4 pts] Star B is a main-sequence star. Approximate its luminosity based on its mass.

(f) [4 pts] Compare the stellar properties of these stars to their masses. What type of star is Star A (2 pts)?
Star B (2 pts)?

(g) [3 pts] Now, you should notice something strange about the ages of these stars in the binary system. Why
is it unexpected to have a binary system composed of these two stars?
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Part D
JS9 INVESTIGATION
Section Information: This section contains one question that will require the use of the JS9 image analysis
software to process astronomical data. Instructions for accessing JS9 and opening the image file are provided, but
you will be expected to be familiar with analysis using this software. This section contains 7 questions and 20 points.

INSTRUCTIONS
Go to js9.si.edu/nso/nso.html and open the Chandra image of RX J0806.3+1527 (Observation ID of
2795) using the Data Link below. To do this, click File > Open Remote and paste the link below into
the box. Make sure Proxy Server is selected, and then click open.

DATA LINK
https://cxc.cfa.harvard.edu/cdaftp/science/ao03/cat5/2795/primary/acisf02795N004_evt2.fits.gz

26. RX J0806.3+1527
RX J0806.3+1527 is a binary system between two white dwarf stars.

(a) [1 pt] What Chandra instrument was used to take this data?

(b) [3 pts] What is the value of the highest-value pixel in this image?

(c) [4 pts] What is the orbital period of this system (in seconds)?

(d) [2 pts] Using the light curve function under ”Server-Side Analysis”, what seems strange?

(e) [6 pts] Compare the brightness of one of the peaks of strange behavior (Time = 121952500 to 121955000)
to one of the troughs of the strange behavior (Time = 121955000 to 121957500). What is the difference in
brightness (in photons)?

(f) [2 pts] Does this source appear to emit stronger in hard or soft X-Rays? How can you tell?

(g) [2 pts] What energy was the highest-energy photon that hit the detector during this observation (be sure
to size your region so that it encompasses the entire object, but not much more than that—the region I
used had a radius of around 3.5 arcseconds)?

https://js9.si.edu/nso/nso.html
https://cxc.cfa.harvard.edu/cdaftp/science/ao03/cat5/2795/primary/acisf02795N004_evt2.fits.gz

