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General Thoughts

• This test is on the longer side, but we believe this test is a good introductory test for this year’s
astronomy rules. We’ve tried to cover as many topics as we can and provide useful resources, so
definitely check them out!

• Most tests will have a combination of questions from general knowledge (Section A of the rules), Deep-
Sky Objects (DSOs) (Section C of the rules), and astrophysics (Section B of the rules). Some tests may
include a JS9 section where you will have to analyze images of DSOs using the JS9 software. Some
resources are provided in the Section B Key to learn how to use JS9.

• For competitors, it is important that you and your partner have a good understanding of general
knowledge, as that applies to both DSOs and astrophysics. It is also good for one team member to
have some experience with JS9.

• Image interpretation is important in astronomy. Many tests will likely incorporate some amount of
image interpretation, so make sure to study images.

• Research, research, research! Writing questions and competing should both involve a good amount
of research, as developing an understanding of astronomy is not very easy. Besides online resources,
there are a few books that are worth checking out: 1) A Student’s Guide to the Mathematics of
Astronomy by Dan Fleisch and Julia Kregenow (Link), 2) Universe by Freedman and Kaufman (E-Book
ISBN: 9781319227975), 3) Openstax Astronomy 2nd edition (Link) and 4) An Introduction to Modern
Astrophysics by Bradley Carroll and Dale Ostlie (DOI). Note: An Introduction to Modern Astrophysics
is an advanced textbook that is not easy to understand. 1 and 4 are better for understanding physics,
while 2 and 3 are good for general knowledge, especially stellar evolution.

• Make sure to take practice tests! This test was created so you could have a starting point and go
into the competition season with at least a test under your belt. If you are unsure about an answer
to a question, take this as an opportunity to research more into that topic. Curiosity is what leads
astronomy forward.
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https://www.danfleisch.com/sgmoa/
https://openstax.org/books/astronomy-2e/pages/1-introduction
https://doi.org/10.1017/9781108380980
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Section A (30 points)
1. BBBBBBBBBBBBBBBBB 2. AAAAAAAAAAAAAAAAA

If this is your first year getting into Astronomy, a fantastic resource for quickly looking up unfamiliar
terms is Swinburne Astronomy Online. There is a short, digestible amount of information to quickly get
acquainted with unfamiliar words/topics, and it was exactly my (Rio’s) starting point nearly a decade
ago for this event.

This guide from ESA also contains a slightly more detailed description of stellar evolution, which is also
excellent for getting started.

Additionally, this Chandra graphic is an excellent overview of stellar evolution. It might be a good early
goal to understand what each of these stages is, and what processes cause them to evolve from one
to another, and get to the point where you could describe stellar evolution to someone based on this
graphic.

3. AAAAAAAAAAAAAAAAA 4. A,BA,BA,BA,BA,BA,BA,BA,BA,BA,BA,BA,BA,BA,BA,BA,BA,B 5. D,B,A,CD,B,A,CD,B,A,CD,B,A,CD,B,A,CD,B,A,CD,B,A,CD,B,A,CD,B,A,CD,B,A,CD,B,A,CD,B,A,CD,B,A,CD,B,A,CD,B,A,CD,B,A,CD,B,A,C 6. CCCCCCCCCCCCCCCCC 7. CCCCCCCCCCCCCCCCC

The Hertzsprung–Russell (H–R) Diagram is one of the most fundamental charts in this event.

A very helpful place to start is researching the spectral classes (OBAFGKM). It might take some time
to understand the physics behind why these appear in the colors they do, with the spectral lines that
they do, but to start, it’s enough to understand that we can use these classes almost interchangeably
with temperature. Here is a fairly deep dive into the spectral classes. To fully understand why these
appear in the colors that they do, you’ll also need to do some research on blackbody radiation, and in
particular, Wien’s Law. If you can, it might help to have a teacher or mentor explain this. Also, try not
to get hung up too much on the definition of “blackbody” when you start. It’s an approximation, but
these laws describe why metal glows red, then white, then blue when it’s heated.

You’ll also want to get familiar with the idea of absolute and apparent magnitude. These are essentially
astronomical measurements of brightness and luminosity of stars, and there are a lot of resources for
these out there.

From there, an H–R Diagram is a plot of spectral class (or temperature) and absolute magnitude (or
luminosity) for stars. There are a lot of resources for H–R diagrams out there, but here is a fun one for
getting started. The pages listed under “Background Material” are good for getting acquainted with the
above topics, and the “Simulator” page gives an interactive H–R diagram to plot stars with.

8. BBBBBBBBBBBBBBBBB 9. BBBBBBBBBBBBBBBBB 10. DDDDDDDDDDDDDDDDD

In addition to the above resources, this is a very detailed guide to stellar evolution. This contains a lot
more detail than most of the other guides listed here.
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https://astronomy.swin.edu.au/cosmos/
https://cesar.esa.int/upload/201809/mod_stellarevolution_booklet.pdf
https://chandra.si.edu/resources/illustrations/stellar_evolution.html
http://www.hyperphysics.phy-astr.gsu.edu/hbase/Starlog/staspe.html
https://astro.unl.edu/naap/hr/hr.html
https://www.aavso.org/stellar-evolution
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11. AAAAAAAAAAAAAAAAA 12. AAAAAAAAAAAAAAAAA 13. CCCCCCCCCCCCCCCCC

Molecular clouds are where star formation begins. Here is a brief introduction to molecular clouds. You
may also want to look into HI and HII regions, as those are also important to properly understand star
formation regions. This is a much more in-depth chapter explaining the physics behind star formation.

14. AAAAAAAAAAAAAAAAA

15. When the core reaches a high enough temperature that hydrogen fusion is triggered

16. CCCCCCCCCCCCCCCCC

After molecular clouds, stars begin to develop in their first phase, called the protostar phase. This
article is pretty good at explaining protostars and brown dwarfs. There’s not too much physics, but it
qualitatively explains many characteristics of protostars. This page also explains more about protostars
and their subclasses.

17. [0.5 pts] DDDDDDDDDDDDDDDDD 18. [0.5 pts] AAAAAAAAAAAAAAAAA 19. [0.5 pts] CCCCCCCCCCCCCCCCC 20. [0.5 pts] BBBBBBBBBBBBBBBBB

Here is a fantastic resource for learning about variable stars, their importance on the H–R Diagram and
in stellar evolution, the differences between them, and how we observe them.

A detailed, although definitely somewhat technical, description of Cepheid variables can be found here.

21. AAAAAAAAAAAAAAAAA

22. 1.44 Md (+0.5), Chandrasekhar limit (+0.5)

23. B,CB,CB,CB,CB,CB,CB,CB,CB,CB,CB,CB,CB,CB,CB,CB,CB,C

Again, there are lots of resources on white dwarfs. Here’s one that might be a decent place to start.

24. [2 pts] The star on the right expanded into a red giant (+1), and the outer material got close enough
to the white dwarf to be gravitationally pulled into it instead (+1)

25. A,CA,CA,CA,CA,CA,CA,CA,CA,CA,CA,CA,CA,CA,CA,CA,CA,C 26. AAAAAAAAAAAAAAAAA 27. BBBBBBBBBBBBBBBBB

Turns out, there are a lot of stars that aren’t alone, like our sun, but orbit each other. And, if they’re
close enough, this can affect how these stars evolve, and even end in supernovae. Here’s a good resource
that describes how this happens. Here’s a decent springboard for some background on supernovae, to
get you started.
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https://chandra.harvard.edu/edu/formal/stellar_ev/story/index2.html
https://staff.fnwi.uva.nl/c.dominik/Teaching/SPF/02-molecular-clouds.pdf
https://www.ebsco.com/research-starters/astronomy-and-astrophysics/protostars-and-brown-dwarfs
https://www.ebsco.com/research-starters/astronomy-and-astrophysics/protostars-and-brown-dwarfs
https://www.astro.princeton.edu/~gk/A403/proto.pdf
https://chandra.harvard.edu/edu/formal/variable_stars/HR_student.html
https://ned.ipac.caltech.edu/level5/ESSAYS/Evans/evans.html
https://imagine.gsfc.nasa.gov/science/objects/dwarfs2.html
https://phys.libretexts.org/Courses/Prince_Georges_Community_College/Introduction_to_Astronomy_(2025)/03%3A_An_Introduction_to_the_Universe/3.04%3A_Stellar_Birth_and_Evolution/3.4.03%3A_The_Death_of_Stars/3.4.3.06%3A_The_Evolution_of_Binary_Star_Systems
https://imagine.gsfc.nasa.gov/science/objects/supernovae2.html
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28. AAAAAAAAAAAAAAAAA

29. Sample answers:

Scoring:

• +1: Contains a peak of uniform height every 0.01 s (left), two peaks of uniform height every 0.01 s,
or two peaks of alternating height every 0.01 s (right).

• +1: A full cycle of the curve should happen every 0.01 s.

30. DDDDDDDDDDDDDDDDD

Great NRAO page on pulsars, describing a lot of what you need to answer these questions. Additionally,
here are a few sample light curves of pulsars, in different wavelengths.
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https://public.nrao.edu/radio-astronomy/pulsars/
https://heasarc.gsfc.nasa.gov/docs/objects/pulsars/pulsars_lc.html
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Section B (15 points)
• General Notes: During in-person supervising, one of the most common problems we see is that people

are not able to load the image. The following sequence of images describes how to load an image from
a Chandra Observation.
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• Another problem we see is that some people don’t attempt it. But you should! Most JS9 portions are
written to be analysis-based. Thus, many of the directions are actually provided, especially in A-Team
tests.

• Many resources exist to learn about JS9. On the right side of nso.js9.org, many tutorials and helpful
resources already exist. There are also some JS9 practice exams from tournaments in the past. Many
past astronomy tests written by the A-Team (look for GGSO, MIT, UT Austin, GullSO, etc.) contain
JS9 sections and solutions as well. Check out Boyceville Walkthrough and UT Austin Walkthrough,
which have links to videos that walk through the JS9 labs! They also, like this resource, also contain
many helpful online materials and textbooks.

1. [2 pts] Day: 2006-01-09 (+1), Exposure Time: [44500, 44700] (+1).

This can be solved by looking at the FITS Header. The FITS Header is located by going to the Analysis

button and then selecting FITS Header(s) under Server-side Analysis. The FITS Header is great
for general information about the file, including object name, telescope, instrument, date of observation,
and a lot more. In this case, we want to look at the date, which is DATE-OBS. We can find the exposure
time by searching for EXPOSURE. This shows up multiple results, all of which are similar.

2. [2 pts] [45, 68] arcseconds (+2).

This can be found by creating a circle using the circle button underneath the selection bar. Make the
radius of the circle good enough so that it encompasses most of the object. An example is shown below.
If you double-click on the circle, you will see information about the region generated. The first is the
galactic latitude of the center in degrees, the second is the galactic longitude of the center in degrees,
and the third is the radius of the circle in arcseconds. In this case, we just need to write down the radius.

3. [2 pts] [660, 690] and [890, 950] eV (+1 each).

Generating an energy spectrum is one of the most common questions an exam can ask. Click on the
Analysis button and select Energy Spectrum under Server-Side Analysis. Here, you should see a
graph generated like the one shown in the image. The 2 major peaks can be found by zooming in by
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nso.js9.org
https://chandra.si.edu/edu/Boyceville_Walkthrough.pdf
https://chandra.si.edu/edu/2025_UTX_Astro_Walkthrough.pdf
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creating a region around the peak using click and drag. This will provide a zoomed-in version so you
can read the x-axis precisely.

4. [2 pts] Oxygen and Neon (+1 each).

This is done by looking at Table 1 on page 3 of this file https://nso.js9.org/images/Xray_Spectroscopy_js9.pdf.
We can find the general ranges. In this case, around 660 to 690, Oxygen is the closest there. From 850
to 950, it is primarily Neon. This website also provides information on general X-ray spectroscopy, like
those in the past 2 problems.

5. [1 pt] [1300000, 1420000]

This can be done by clicking on Analysis and Counts in Regions. The pop-up will show the net_counts,
so you are just reading this column. This is a count of the total photons received in the region.

6. [2 pts] Count rate is [29.2, 31.9] counts{s, ECF is 1.4ˆ10´11, so energy flux is [4.09ˆ10´10, 4.47ˆ10´10]
erg cm´2 s´1

This is found by dividing your answer in Q5 (counts in region) by your answer in Q1 (exposure time)

7. [3 pts] L “ F ˆ 4π ˆ p170000 ˆ 9.46 ˆ 1017q2 “ r1.33 ˆ 1038, 1.45 ˆ 1038s erg s´1.

This is pretty much just the inverse square law using the data provided in the previous parts. The main
tricky part here is that you need to convert light-years to meters, as most of this problem is in SI units.

8. [1 pt] [1.30, 1.45] times larger

We can divide our answer from part 7 by the result asked in the question. This result is actually pretty
close for astronomy, so it’s not too bad!
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Section C (30 points)
General Notes:

• There are plenty of general websites that provide information on these objects. Wikipedia is pretty
good, along with Chandra, NASA, Space.com, SciNews, etc.

• Make sure to have your own image sheet so you can identify and explain images that are being tested
on. Image interpretation is an important part of astronomy.

• It is best to take your own notes, especially on common questions such as distance, type of object,
unique features, mass, constellation, etc.

1. [3.5 pts] (a) [1 pt] Lots of star formation that emits heat (+0.5), but other wavelengths can not pass
through dust as easily (+0.5).

(b) [1 pt] Dark Nebula (+0.5), either thick clouds of the nebula prevent light from coming through or
the nebula has cold molecular/un-ionized hydrogen, so it does not emit significant heat/light (+0.5
for either explanation)

(c) [1.5 pts] Ammonia directly provides information about gas temperatures due to rotational energy
levels (+0.5). It is also only achieving transitions at high density, which usually means it correlates
well with the quantity of H2, which is what molecular clouds are made of (+1).
When initially searching for the Orion Molecular Cloud (OMC) Complex, you will likely run into
many results. It’s pretty difficult to find information about the general complex, so most results
you will see are about Orion A and Orion B. Expect to be tested on some of the more well-known
objects in these regions, such as the Horsehead Nebula.

• Planets.org article that provides a general introduction to the OMC Complex
• ESA article that talks about the Horsehead Nebula
• SciNews article explains the importance of ammonia in OMC A
• ESA article that talks a bit about OMC B
• Scientific article that provides an in-depth scientific overview of the OMC Complex

2. [3.5 pts] (a) [1 pt] C10 (+1)

(b) [1 pt] Oxygen (+1)

(c) [1.5 pts] Hot gas just released from the star colliding with the surrounding cold gas (+1). This
causes the warm gas to form drop-like structures due to sudden impact. (+0.5)
The Helix Nebula is a great example of a planetary nebula. Here are a few interesting articles about
this object:

• Here is some background about the nebula as it’s observed in multiple wavelengths.
• This article discusses the cometary knots in this nebula.
• This is a press release from Chandra about an interesting X-ray event that occurred in this

object

3. [3.5 pts] (a) [1 pt] T Tauri (+1)

(b) [1 pt] GN 04.32.8 (+0.5), reflection (+0.5)
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https://theplanets.org/star-clusters/orion-molecular-cloud-complex/
https://www.esa.int/Science_Exploration/Space_Science/Euclid/Euclid_s_view_of_the_Horsehead_Nebula
https://www.sci.news/astronomy/filament-star-forming-gas-orion-molecular-cloud-04961.html
https://sci.esa.int/web/herschel/-/51707-composite-view-of-the-orion-b-molecular-cloud-and-the-horsehead-nebula
https://www2.mpia-hd.mpg.de/homes/beuther/bally2008.pdf
https://chandra.harvard.edu/deadstar/helix.html
https://science.nasa.gov/asset/hubble/collision-of-gases-near-a-dying-star-in-the-helix-nebula/
https://chandra.si.edu/photo/2025/helix/
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(c) [1.5 pts] (+0.5) Classical, classical T Tauri stars tend to have big protoplanetary disks, while weak-
line T Tauri stars have small or nonexistent disks. (+1)
HP Tau is a triple star system located in GN 04.32.8 in the Taurus Molecular Cloud. HP Tau is a
T Tauri star, showing random and periodic fluctuations in brightness.

• ESA/Hubble article that provides details about the most common picture of HP Tau.
• NASA article that provides a background to the object.
• Info about T Tauri Stars

4. [3.5 pts] (a) [1 pt] White Dwarfs (+1)

(b) [1 pt] 1.56 solar masses (+0.5), Yes, it exceeds the Chandrasekhar limit (+0.5)

(c) [1.5 pts] Both white dwarfs would have similar composition, and thus, similar spectra (+0.5). As
one dwarf recedes and one approaches our line of sight, the lines from each one will be Doppler
shifted, and would appear as two different lines. (+1)
This is a fascinating object as the first white dwarf binary system discovered with a large enough
mass to detonate as a supernova when they eventually spiral into each other. Here are a few
resources for this object:

• This post gives some nice background into the object
• This post gives a bit of insight into double-line white dwarf binaries.

5. [4 pts] (a) [1 pt] Mira (+1)

(b) [1 pt] Red Giant (+0.5), White dwarf (+0.5)

(c) [2 pts] Mira A is currently in the red giant phase and is losing mass to Mira B, a white dwarf. Gas
in the loosely-bound outer envelope of the red giant is siphoned and accreted by the white dwarf.
(1 pt for mentioning that Mira A is losing mass, 1 pt for specifying that the gas is being accreted
on Mira B (the visible ring))
Mira, also known as Omicron Ceti, is the prototype of the Mira variable star class. This is a
binary system that has a white dwarf companion. Mira A is the red giant and is currently on the
asymptotic giant branch. Mira variables are known for significantly longer pulsation periods.

• NASA article explaining the binary system and providing other basic information.
• AAVSO article, similar to the previous one
• Space.com article that goes a bit more in-depth
• JPL article that describes another common image of the object from GALEX.

6. [4 pts] (a) [1 pt] 230 light-years (+1)

(b) [1 pt] Pulsar (+1), if just neutron star (+0.5)

(c) [2 pts] The minor kink has a spectral index gradient where the filaments are steeper as you move
further away from the minor kink. In contrast, there is more flattening for the major kink. Since
there are different directions of “deflections” for each kink, both likely have their own origin (+2
for explaining different slopes/shapes/deflections implying 2 different objects). Notice how around
the major kink, both sides go towards 0, while around the minor kink, it gets further from 0. You
can think of the minor kink as a maximum (remember, this is the negative y-axis), which gets more
negative as you move away. If it really were one object, we would likely see no change in direction.
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https://esahubble.org/images/potw2526a/
https://science.nasa.gov/image-detail/hubble-hptau-wfc3-1-flat-finalok/
https://www.aavso.org/vsots_ttau
https://www.smithsonianmag.com/smart-news/astronomers-discover-a-rare-white-dwarf-pair-doomed-to-explode-in-a-brilliant-supernova-180986398/
https://phys.org/news/2024-07-astronomers-dozens-lined-white-dwarf.html
https://science.nasa.gov/missions/hubble/hubble-separates-stars-in-the-mira-binary-system/
https://www.aavso.org/vsots_mira
https://www.space.com/mira-variable-star-visible-november-2019.html
https://www.jpl.nasa.gov/images/pia09958-mira-soars-through-the-sky/
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The Snake, known as G359.13, is a cosmic filament that is one of the longest structures in the
Milky Way. There are 2 “kinks” in the object, believed to be caused by either the same object or 2
different objects.

• NASA article that provides a lot of good background and scientific information about the object
• Scientific Article that explains the reasoning why a pulsar is the likely cause of a kink.
• Short Astronomy.com article that provides a brief introduction to the object.

7. [4.5 pts] (a) [1 pt] White dwarf (+1)

(b) [1.5 pts] One hemisphere is dominated by hydrogen, the other is dominated by helium (+1 for
mentioning hemisphere dichotomy, +0.5 for mentioning hydrogen and helium)

(c) [1 pt] 1.2 solar masses, 15 minutes (+0.5 each)

(d) [1 pt] The mass is quite high for a normal white dwarf (+0.5), and the rotational period is abnor-
mally high, which could happen due to conservation of angular momentum (+0.5)
Janus is a singular white dwarf that has one hemisphere that is hydrogen-dominated and one
hemisphere that is helium-dominated. Some astronomers believe that this could be caused by a
combination of 2 white dwarfs, or it could be going through a unique phase of evolution.

• Reuters article that describes the 2 faces of Janus
• Caltech article similar to the link above
• Full scientific article that explains much of the science behind why scientists think there are 2

hemispheres.

8. (a) White dwarf (+0.25) accreted lots of material (+0.5) and the mass surpasses the Chandrasekhar
limit (+0.25) OR 2 white dwarfs merge (+1)

(b) Explosive nucleosynthesis occurs primarily in carbon and oxygen, triggering the formation of inter-
mediate mass elements like silicon, sulfur, calcium, and iron. The intense heat and density cause
the fusion/nucleosynthesis (+1 for anything similar)

(c) Shock/blast wave (+0.5), rapid movement of gas and material crashes into the interstellar medium
(+1)
Tycho’s SNR is one of the most famous supernova remnants that exists. It exploded in November
1572 and was discovered by Tycho Brahe. It is believed to be a Type 1a supernova.

• Space.com article that explains the history behind the object
• Chandra article that explains a popular image of the object
• NRAO article that describes the radio observations of Tycho’s SNR
• SciNews article that explains some x-ray detection from the object.
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https://www.nasa.gov/missions/chandra/nasas-chandra-diagnoses-cause-of-fracture-in-galactic-bone/
https://ui.adsabs.harvard.edu/abs/2024MNRAS.530..254Y/abstract
https://www.astronomy.com/science/a-speeding-pulsar-may-have-broken-this-cosmic-bone/
https://www.reuters.com/science/introducing-janus-exotic-two-faced-white-dwarf-star-2023-07-21/
https://www.caltech.edu/about/news/two-faced-star-exposed
https://www.nature.com/articles/s41586-023-06171-9
https://www.space.com/tychos-star-supernova-450-years-ago-november
https://chandra.harvard.edu/photo/2019/tycho/
https://www.nrao.edu/archives/items/show/33524
https://www.sci.news/astronomy/ixpe-polarized-x-rays-tychos-supernova-remnant-11705.html
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Section D (35 points)
General Notes:
• This is usually the section that people find the most challenging, so practicing a lot and getting familiar

with equations and concepts will help a lot.

• The best thing to have is a formula sheet with many of the common formulae. This formula sheet is
commonly used. However, some tests will go beyond this, and it is necessary to know the physical
reasoning behind these laws.

• These 2 textbooks: 1) A Student’s Guide to the Mathematics of Astronomy by Dan Fleisch and
Julia Kregenow found here, and 2) An Introduction to Modern Astrophysics by Bradley Carroll and
Dale Ostlie, provide a good understanding of most math that you can expect in Science Olympiad
Astronomy. These books are probably more comprehensive than most of the online resources listed in
this section. The first book is a good starting point, while the second is an advanced book.

1. [9 pts] (a) [2 pts] 1) Allows parallax to be standardized as the apparent shift in a star’s position due to
Earth’s motion around the Sun (+1). 2) This also allows astronomers to observe the star’s position
at 2 opposite points in Earth’s orbit, allowing better triangulation and creating the biggest apparent
shift of the star (+1).
This type of parallax is trigonometric parallax. More information explaining what parallax is can
be found here: https://astronomy.swin.edu.au/cosmos/*/trigonometric+parallax

(b) [2 pts] Identify peak wavelength correctly: [400, 450] (+0.5), Use Wien’s law (+0.5), Correctly get
[6444, 7250] K (+1).
Wien’s Law is a pretty important equation to know. It is part of a subset of equations called
Blackbody Radiation questions. Learn more about that here. Wien’s Law simply relates the
temperature of an object that emits radiation to its peak wavelength. This equation is

λmax ˆ T “ 2.898 ˆ 10´3 m K´1.

(c) [1 pt] 2430 parsec. This is the application of part 1(a). The spectroscopic parallax formula is
simply d “ 1{p where d is the distance in parsecs, and p is the parallax angle in arcseconds. Be
sure to convert milli-arcseconds to arcseconds.

(d) [2 pts] 1.12 ˆ 109 m. This is solved by first converting 5.2 Md to 1.34 ˆ 1031 kg. The formula for
acceleration due to gravity is g “ GM{r2. Plugging in numbers, you get

712 m s´2 “
p6.67 ˆ 10´11 m3 kg´1 s´2qp1.34 ˆ 1031 kgq

r2 ùñ r “ 1.12 ˆ 109 m.

Gravity is one of the most important astronomical concepts. Understanding Newton’s Law of
Universal Gravitation and the motion associated with gravity will aid in not just astronomy, but all
types of physics. This book chapter is pretty good in explaining a lot of basic gravitational physics.

(e) [2 pts] [1.54 ˆ 1027, 2.47 ˆ 1027] W. This is an application of the Stefan–Boltzmann Law:

L “ 4πσR2T 4 or F “ σT 4
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https://scioly.org/w/images/c/c6/Formula_Sheet.pdf
https://www.danfleisch.com/sgmoa/
https://astronomy.swin.edu.au/cosmos/*/trigonometric+parallax
https://phys.libretexts.org/Bookshelves/University_Physics/University_Physics_(OpenStax)/University_Physics_III_-_Optics_and_Modern_Physics_(OpenStax)/06%3A_Photons_and_Matter_Waves/6.02%3A_Blackbody_Radiation
https://www.theexpertta.com/book-files/OpenStaxUniversityPhysicsVol1/UP1_Ch13.%20Gravitation.pdf
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Part 1(b) also explains the Stefan–Boltzmann law.

2. [11 pts] (a) [2 pts] Cepheid Variable star (+1), 1) the sharp increase and slower decrease (+0.5), 2)
the period is around what you would expect from a Cepheid variable (+0.5).

Cepheid variables usually have periods of a few days, and their light curves have big rises and then
a much slower decline. This OGLE website is pretty good in explaining the light curves of classical
Cepheids.

(b) [3 pts] [45000, 5100] parsecs. +0.5 for Cepheid variable period-luminosity relation (e.g. Mv “

´2.2 log10pP q ´ 2.05 where P is the period in days). +0.5 for correctly finding absolute magnitude:
´2.2 log10p3.08q ´ 2.05 “ ´3.12. +1 for correctly finding the approximate average apparent mag-
nitude as [15.2, 15.4] from the graph. +1 for using distance modulus (m ´ M “ ´5 ` 5 log10pdq).
Plugging in, you get 48306 parsecs.

Cepheid variables have a period-luminosity relationship, which was produced by Gaia detections.
This paper and this article explain the period-luminosity relationship for Cepheid variables. Finding
the average apparent magnitude is simple, as you can just look for the average of the highest and
lowest points. The last useful formula here is distance modulus, a very common distance method
used in astronomy. This article and this article provide a decent explanation of distance modulus.

(c) [3 pts] +1 for identifying the highest and lowest magnitudes as around 15.6 and 16.4. +1 for using
the intensity ratio formula Bmax{Bmin “ 2.512mmin´mmax or mmin ´ mmax “ 2.5 logpImax{Iminq.
+1 for correctly solving: 2.09 times brighter.

In astronomy, brightness is represented on a logarithmic scale called magnitude. For example, a
star that is 1 magnitude less than another star is 2.512 times brighter. This page provides a good
explanation of apparent and absolute magnitudes. This chapter also provides a great explanation
of understanding magnitudes.

(d) [3 pts] +0.5 for recognizing it is a type 1a supernova, +0.5 for identifying peak apparent magnitude
between 13.1 and 13.2. +0.5 for knowing it has an absolute magnitude of around ´19.3. +0.5 for
using distance moduus (m ´ M “ ´5 ` 5 log10pdq). +1 for correct value of [2.9 ˆ 107, 3.2 ˆ 107]
parsecs.

This is a light curve of a type 1a supernova. This article and this article provide some details
about Type 1a supernova light curves. One important thing to note is that Type 1a supernovae are
standard candles. The value of the absolute magnitude M of a Type 1a Supernova is ´19.3. This
is because of the Chandrasekhar limit, which means that the same mass explodes, thus causing the
same absolute magnitude during the supernova event. The distance modulus was explained in part
1(b).

3. [15 pts] (a) [1 pt] r1 ` r2

This page explains the basics of the physics of binary orbits. Towards the middle, it explains that
the semi-major axis is the separation between the 2 stars, so it is simply the sum of the 2 radii.

(b) [1 pt] P “

b

4π2

G ˆ a3

MA`MB
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This question is pretty much just asking about Kepler’s third law for a binary system. This chapter
and this chapter describes Kepler’s third law and its derivation. Knowing the three Kepler laws
and the reasoning behind them is important to understanding all of orbital mechanics.

(c) [2 pts] This question requires combining the answer from 3a and the formula for barycenter/center
of mass. For star A, r1 “ paMBq{pMA ` MBq. For star B, r2 “ paMBq{pMA ` MBq (+1 each)

The barycenter, or center of mass, is m1r1 “ m2r2 ùñ m1r1 “ m2pa ´ r1q “ m2a ´ m2r1 ùñ

m1r1 ` m2r1 “ m2a ùñ pm1 ` m2qr1 “ m2a ùñ r1 “ m2
m1`m2

a. This article provides a bit of
information about the center of mass for a 2-body system.

(d) [3 pts] +0.5 for angular momentum formula of an object (Miviri or Mir
2
i ωi). +0.5 for angular

orbital velocity formula ω “
a

GpMA ` MBq{a3. +0.5 for total momentum is the combination of
both (MAr2

1ω`MBr2
2ω). +1 for substituting in parts from c (MAp aMB

MA`MB
q2p

a

GpMA ` MBq{a3q`

MBp aMA

MA`MB
q2p

a

GpMA ` MBq{a3q). +0.5 for simplifying (L “ µ
a

GpMA ` MBqa)

This Hyperphysics article provides a brief explanation of angular momentum. There are a lot more
in-depth explanations, but the main thing you need to know is that for an orbit, L “ mvr, which
can be written as L “ mr2ω. Here, ω “ v{r. Velocity for an object in orbit is v “

a

GMtot{a.
Dividing by the distance between the 2 objects, you ω “

a

GMtot{a3. After this, you add the
momentum from both and then substitute in. This lecture explains some info about binary stars
and their motion. This chapter also is good at explaining circular motion. Definitely read a lot
about circular motion, as that is an extremely common topic to be asked about.

(e) [2 pts] Star A: vAptq “ MA0vA0
MA0`fptqt . Star B: vBptq “ MB0vB0

MB0´fptqt (+1 each).

This requires finding the velocity as a function of time. Conservation of linear momentum means
that an increase in mass will lead to a decrease in velocity and vice versa. The numerator for both
answers is the initial momentum, while the denominator is the mass as a function of time. This is
once again another application of classical mechanics concepts. This chapter is good at explaining
linear momentum and the theorems associated with it.

(f) [2 pts] Kinetic energy is 1
2 mv2, so in this case, we have 1

2 MAptqvAptq2 ` 1
2 MBvBptq2 (+1 for ap-

plying total kinetic energy formula). Simplifying, we get 1
2 pMA0 ` fptqtqp MA0vA0

MA0`fptqt q2 ` 1
2 pMB0 ´

fptqtqp MB0vB0
MB0´fptqt q2. This simplifies to 1

2
pMA0vA0q

2

MA0`fptqt ` 1
2

pMB0vB0q
2

MB0´fptqt .

This chapter explains kinetic energy in orbits as well as some more info about velocity that was
used in previous parts.

(g) [2 pts] +1 for recognizing that we are solving for RL,B . +1 for correctly substituting and reorga-
nizing to solve for minimum separation:

dB “ RB ˆ

0.6
´

MB0
MA0

¯2{3
` ln

”

1 `

´

MB0
MA0

¯1{3ı

0.49
´

MB0
MA0

¯2{3 .

This chapter is pretty good in explaining general mass transfer in binaries, as well as Roche-Lobe
overflow. This question is primarily a rearrangement of terms, but requires an understanding of the
Roche Lobe formula that is provided.
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(h) [2 pts] Total angular momentum was found in part d. We have the formula L “ µ
a

GpMtotqa.
Since Mtot does not change, G does not change, and L does not change either. So, µ

?
a “ const,

so a 9 1{µ2 (+1 for realizing semi-major axis is proportional to µ), so a “
pMAptq`MBptqq

2

pMAptqˆMBptqq2 (+1 for
substituting masses).

Understanding proportions is important in astronomy and all other sciences. In the case that
angular momentum is constant, the semi-major axis and µ are the only things changing, so only
these need to be solved for.
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