Science Olympiad
Practice Invitational Test
September 2nd, 2025

Astronomy C

Directions:

e This is a sample test based on the rules for the 2025-2026 season, written by a team of national event
supervisors. The primary goal is to provide a comprehensive practice exam to prepare you for the first
few competitions of the season. The answer key also contains many helpful resources and explanations
for concepts that will likely appear on tests this year. We will release more tests from invitationals
and other resources throughout the year!

e Each team will be given 50 minutes to complete the test.

e There are four sections: §A (General Knowledge), §B (JS9), §C (Deep-Sky Objects), and
8§D (Astrophysics).

o A separate image sheet and answer sheet are located at the end of the test packet.

o The use of the internet and Al tools (e.g. ChatGPT) are expressly forbidden.

e Good luck! And may the stars be with you!

Written by: The Astronomy A-Team
Manank Doshi, Rio Sessions, Ronit Kapur, Ryan Chang,
Robert Lee, Terry Matilsky, Tad Komacek, Donna Young, et al.
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Practice 2026

Section A: General Knowledge

This section consists of multiple-choice and free-response questions about general knowledge

located in Section A of the rules. Questions are worth 1 point unless otherwise stated, for a

total of 30 points.

1. What stage of stellar evolution will a star spend 5.

most of its life in?
A. Protostar
B. Main Sequence
C. Red Supergiant
D. Red Dwarf

2. Suppose a star appears bluer in color than the 6.

Sun. How does it compare in temperature to
the Sun?

A. Hotter than the Sun
B. Cooler than the Sun
C. Same temperature

D. Not enough information

Four stars are plotted on the Hertzsprung—Russell
(H-R) diagram shown in Image Al. The mass of
each star is also given. Use this information to an-

swer the following questions about these stars.

3. Which of these stars has the highest tempera-

ture?

Order the following stages of stellar evolution

from youngest to oldest.
A. Red Giant
B. Main Sequence
C. Planetary Nebula
D. T Tauri Variable
A star that undergoes the above sequence
would likely produce what stellar remnant?
A. Black Hole
B. Neutron Star
C. White Dwarf
D. No Remnant
Which of the following stars from the HR Dia-

gram would most likely follow this evolutionary

sequence?
A. Zeta Puppis
B. Tau Scorpii
C. Alpha Centauri
D. Barnard’s Star

Zeta Puppis
Tau Scorpii

Alpha Centauri

o aw »

Barnard’s Star

4. Which of these two stars might fuse carbon into
heavier elements in their cores? (Select two

that apply.)
A. Zeta Puppis
B. Tau Scorpii
C. Alpha Centauri
D

. Barnard’s Star
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For the next 3 questions, consider the post-main-

sequence evolution of a roughly 1 Mg star.

8. When this star runs out of hydrogen fuel in its

9.

10.

core, what happens to this star’s core?

A. The core begins expanding

B. The core begins collapsing

C. The core immediately explodes

D. The core immediately begins fusing

another element

What is the highest mass element that this star
will likely produce via fusion in its core?

A. Helium

B. Carbon

C. Iron

D. Osmium
After this element is fused, this star will form
an object similar to the one shown in Image A2.

What primarily causes the visible light glow of

the diffuse material in this image?
A. Radioactive decay of this gas
B. Reflection of light from nearby stars

C. Heat remaining in the material after

it was shed

D. Tonization caused by the inner rem-

nant

Page 3 of 10

11.

12.

13.

What is the approximate temperature of

molecular clouds?

A. 10K
B. 50K

C. 100K
D. 300K

The Jeans Mass (M) is the minimum mass
required for a region of a molecular cloud to
collapse under its own gravity. How does the
Jeans Mass depend on the cloud’s temperature
(T') and density (p)?

A My =T3?%p12

B. My = T1/2p—3/2

C. My = T—3/2p1/2

D. My = T71/2p3/2

Which of the following is the primary mecha-
nism by which molecular clouds cool, allowing

gravitational collapse to proceed?

A. Bremsstrahlung radiation from free

electrons

B. Synchrotron radiation from relativis-

tic particles.

C. Rotational and vibrational line emis-

sion from CO molecules

D. Blackbody

grains.

radiation from dust
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14. The spectrum of a T Tauri star often shows a

strong absorption line of neutral Lithium (Li I)
at 670.8 nm, which is weak or absent in a main-
sequence G-type star like the Sun. Why does
Li I indicate stellar youth?

A. Lithium is destroyed by proton cap-
ture at temperatures above ~2.5 mil-

lion kelvin

B. Lithium is only produced during the
helium flash, an event that occurs

just before the main sequence

C. T Tauri stars accrete lithium-rich
material directly from the interstel-

lar medium, which is later destroyed

D. The Li I line is only visible at the
extremely low atmospheric pressures

characteristic of protostars.

15. At what point does a protostar become a main-

sequence star, and what is the reason for this?

16. Why do protostellar disks form instead of ma-

terial falling directly onto the protostar?

A. Gravity is too weak to pull material

inward

B. Magnetic fields force gas into a disk
shape
C. Conservation of angular momentum

prevents direct collapse

D. Radiation pressure clears polar re-

gions
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For the next four questions, match each of the fol-

lowing types of variable stars with its correspond-

ing stage in stellar evolution.

17.

18.

19.

20.

A. Massive star transitioning from the main

sequence to the red supergiant phase

B. Young pre-main-sequence star undergoing

gravitational collapse

C. A mid-size star on the Asymptotic Giant
Branch that has completed helium fusion

in its core

D. Low-mass giant star fusing helium in its

core
[0.5 pts] RR Lyrae
[0.5 pts] Cepheid
[0.5 pts] Mira

[0.5 pts] T Tauri

21.

22.

23.

Which of the following forces primarily com-
bats gravity in a white dwarf, preventing it

from collapsing further?
A. Electron Degeneracy Pressure
B. Hydrostatic Pressure
C. Radiation Pressure
D. Weak Force

What is the upper mass limit for a white dwarf,

and what is the name of this limit?

Which of the following elements are present in
the core of a white dwarf? Hint: consider the

byproducts of stellar fusion. Select all that ap-
ply.

A. Tron

B. Carbon

C. Oxygen

D. Hydrogen
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Consider the binary system shown in Image A3. 28.

24. [2 pts] When these stars formed, they were not
ripping material off of each other. What most
likely changed in this system that caused the
white dwarf (left) to pull material off of the
other star (right)?

25. Which of the following stellar explosions in-

29.

volve white dwarfs? (Select all that apply.)
A. Nova
B. Kilonova
C. Type la Supernova
D

. Type 2 Supernova

30.
26. When a high-mass star runs out of fuel and can

no longer support itself against gravity, what

happens to the core of this star?

A. Core collapses inward over the course

of a second

B. Core collapses inward over the course

of years

The radius of a neutron star is roughly what
size?

A. 10km

B. 10° km

C. 10'%km

D. 10 km

[2 pts] On your answer sheet, sketch a radio-
band light curve of a pulsar with a period of
0.01 seconds. Show at least 0.03 seconds of ob-
servations. Be sure to put titles on your x- and
y-axes and numerical labels on the time axis.
You’ll be scored on having a roughly correct

shape of the curve.

Conservation of what quantity leads to the ex-
tremely small periods that millisecond pulsars

can have?
A. Conservation of mass
B. Conservation of kinetic energy
C. Conservation of velocity

D. Conservation of angular momentum

C. Core explodes outward over the

course of a second
D. Core explodes outward over the
course of years
27. This results in which of the following events?
A. Type la Supernova
B. Type 2 Supernova
C. Kilonova
D

. Nova
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Section B: JS9 Image Analysis

In this section, you will use the JS9 image analysis software to analyze a Chandra observation
of the supernova remnant N132D. Points are shown for each part, for a total of 15 points.

Instructions:
o Go to chandra.si.edu/js9 or nso.js9.org

e On the right side, click on [The Unofficial Chandra Archive Search Page]. This should open up

a new tab
e On this tab, in the [Chandra Obs ID] box, enter [6532]. Click [Search]. You should see a result.
e Drag the title of the result into the JS9 server that has the image. It may take a few seconds to load.

1. [2 pts] Look at the FITS header of this object. What day did this observation take place? How long

was the exposure time of this object on this day in seconds?

2. [2 pts] Place a circle around the object. What is the approximate radius of this object in arcseconds?
Supernovae produce many of the elements we see in everyday life. We can detect if there is an abundance

of an element by analyzing its energy spectrum. Place a circular region around the object. Make sure

to resize it to fit closely around the object. Lastly, run Analysis -> Energy Spectrum.

3. [2 pts] There are 2 main peaks towards the beginning of the energy spectrum. What is the energy in
eV of these 2 peaks?

4. [2 pts] What elements do these 2 peaks correspond to?

Supernovae continue to be bright even after their initial explosion. In order to get a rough estimate of

how bright this object is right now, we must first find the energy flux, then convert this to luminosity.
5. [1 pt] Go to Analysis -> Counts in Regions. What is the net_counts in the region?

6. [2 pts] These counts are measured over the exposure time from question 1. To calculate the energy flux,
the count rate (counts/exposure time) is multiplied by the energy conversion factor (ECF). For this
specific observation, the ECF in the 0.5-7keV range is 1.4 x 107" ergecm™2. What is the energy flux of

this object in ergem™2s71?

7. [3 pts] Using the inverse square law, we can determine the luminosity of the object. N132D is about

170,000 light-years away. The inverse square law in this scenario can be written as
L =F x 47 x d?
where F' is the energy flux and d is the distance to the object, what is the luminosity of this supernova

remnant in ergs=1?

8. [1 pt] A result from Plucinsky and the Chandra N132D Legacy Team! revealed that the Chandra ob-
servation gave an actual value of the luminosity as 1.0 x 103® ergs~!. How many times larger or smaller

is our value compared to the actual value?

Thttps://assets.pubpub.org/rynkboj6/71582749259388 . pdf#abs307 .12
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Section C: Deep-Sky Objects

This section consists primarily of free response questions about this year’s objects of interest,
located in Section 3.c of the rules. Points are shown for each question and sub-question, for a

total of 30 points.
1. [3.5 pts] The Orion Molecular Cloud Complex is a region composed primarily of 2 molecular clouds,
Orion A and Orion B.

(a) [1 pt] The Orion Molecular Cloud Complex is bright when viewed at infrared wavelengths, instead

of other wavelengths. What is the primary cause of this?

(b) [1 pt] One famous object in Orion A is the Horsehead Nebula. What type of nebula is this, and

what causes a nebula to be of this type?

(c) [1.5 pts] Image C1 shows a strip of ammonia, a tracer of star-forming gas, in Orion A. The orange
color is data from a radio telescope, while the background is from an infrared telescope. What
about the properties of ammonia makes it a key indicator of a star-forming region?

2. [3.5 pts] The Helix Nebula is a planetary nebula about 650 light-years away.

(a) [1 pt] A piece of the Helix Nebula is shown in Image C2. Which other image depicts this entire
DSO?

(b) [1 pt] What element can be seen by the blue glow in the center of the image?

(c¢) [1.5 pts] Cometary knot structures, pictured in Image C2, can be seen in this object. What is

thought to cause these structures?

3. [3.5 pts] This next set of questions is about HP Tau.
(a) [1 pt] HP Tau is considered to be what type of star?
(b) [1 pt] What is the name of the nebula that HP Tau is located in? What type of nebula is it?
)

(c

4. [3.5 pts] WDJ181058.674+311940.94 is a unique system in our universe.

[1.5 pts] Is HP Tau a classical or weak-lined T Tauri star? What is the difference between the 27

(a) [1 pt] WDJ181058.67+311940.94 is a binary system consisting of what two types of objects?
(b) [1 pt] What is the combined mass of this system? Does it exceed the Chandrasekhar limit?
)

(c

[1.5 pts] This object was discovered by searching for double-lined binaries. In theory, this is a
system that exhibits spectral lines that are doubled up next to each other, instead of a single peak?.
Why might we get this effect for a system like this?
5. [4 pts] This question refers to the object shown in Image C7.

(a) [1 pt] Which DSO is shown in this image?

(b) [1 pt] What type of stars are each of the 2 objects in the image?

(c) [2 pts] There is a faint ring visible around the star on the left. Considering the evolutionary stage

of the 2 stars, explain how this ring may have formed.

2In practice, it gets more complicated. Phenomena like overlapping line profiles, telluric contamination, and continuum
variability affect the lines we see
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6. [4 pts] G359.13, known as the Snake, is a huge filament in the Milky Way Galaxy.
(a) [1 pt] Approximately how long is this filament (in its longest axis) in light-years?

(b) [1 pt] G359.13 recently had a “fracture” due to an extremely fast collision between this and what
other type of object?

(c) [2 pts] There exists both a major and minor kink in this filament. Currently, 2 hypotheses exist.
One argues the minor kink was caused by the same object from part b, while the other argues
that the origins of each are different. The major kink occurs at a galactic latitude of —0.20° while
the minor occurs at —0.27°. Image C5 describes the shape as a function of galactic latitude and
longitude. Using the spectral index vs. galactic latitude figure in Image C6, explain why astronomers
might think that the 2 kinks have different origins.

7. [4.5 pts] This set of questions is about a unique object, known as Janus, or ZTF J203349.84322901.1.
(a) [1 pt] What type of star is Janus?

(b) [1.5 pts] What unique feature of Janus sets it apart from other objects of a similar type?
¢) [1 pt] What is the mass and rotational period of Janus?
(d) [1 pt] Onme possible explanation for Janus’ unique feature is that the star is a product of the merger
of 2 white dwarfs. What about the mass and rotational period of Janus supports this theory?
8. [3.5 pts] Ome of the most famous supernova remnants is Tycho’s SNR.

(a) [1 pt] Briefly describe how the explosion of Tycho’s supernova was triggered.

(b) [1 pt] Supernovae like Tycho’s SNR are able to produce heavy elements like the ones shown in
Image C3. What allows these supernovae to produce these elements, such as those shown in the

image?

(c) [1.5 pts] Tycho’s SNR has a clear ring on the outside, shown in Image C4. What do scientists call

this ring formation, and what causes it?
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Section D: Astrophysics

This section consists of free-response questions about astrophysics, located in section 3.b of

the rules. Points are shown for each question and sub-question, for a total of 35 points.

1. [9 pts] Introductory Luminosity
A bright star’s emission spectra is shown in Image D5. This star has a parallax of 0.412 milliarcseconds.
This star’s mass is 5.2 M.
(a) [2 pts] Parallax is measured over a period of 6 months. What are 2 reasons for parallax being
measured over a period of 6 months?
(b) [2 pts] What is the temperature of this star in K?
(¢) [1 pt] How far is this star in pc?
(d) [2 pts] The acceleration due to gravity on the surface of this star is 712ms~2. What is the radius
of the star in m?

(e) [2 pts] What is the luminosity of this star in W?

2. [11 pts] Understanding Light Curves

Every variable star’s light curve is unique, and the light curve’s properties are helpful in determining
the star’s properties. For this question, you may assume that the Cepheid variable period-luminosity

equation is given by M, = —2.2log,y(P) — 2.05, where P is the period in days.
(a) [2 pts] A variable star’s light curve is shown in Image D2. What type of variable star is this? What
are 2 reasons why you can identify this variable star based on the image provided?
(b) [3 pts] What is the distance to this star in pc?

(c) [3 pts] A semiregular variable star’s light curve is shown in Image D3. How many times brighter is

the highest peak than the lowest dip?
(d) [3 pts] Another object’s light curve over a period of 350 days is shown in Image D4. What is the

distance to this star in pc?

3. [15 pts] Binary System Mass Transfer

Consider the binary star system whose top-down view is shown in Image D1. Star A has mass M 49 and
radius R4g. Star B has mass Mpy and radius Rpg. Currently, the velocity of star A is v4q, while the
velocity of star B is vpg. Both orbits are perfectly circular, and they are 180 degrees out of phase. For
this problem, we will assume no change in radius. All of these variables can be assumed to be known
and can be used to express your answers, along with any constants. You may also express answers in

subsequent parts using variables from previous parts.
(a) [1 pt] What is the semi-major axis of the system, a, in terms of the variables in the image?

(b) [1 pt] What is the period of the object in seconds, assuming that all numerical values would be in

SI units?

(c) [2 pts] Express r1 and 79 in terms of the semimajor axis, a, and the masses of the stars.
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(d)

[3 pts] Show that the total orbital angular momentum of this circular binary is

L=p G(MA +MB)a

MaMp
Ma+Mp*

where p =
[2 pts] Star A is accreting mass from star B. Star B loses mass at a rate given by the linear
function f(¢). Suppose star A receives all the mass from star B instantly. Assume that there is
only conservation of linear momentum for each individual star. What are the velocities, v (t) and

vp(t), of each star as a function of time? Note: do not use M(¢) or v(¢) in subsequent parts.

[2 pts] What is the total kinetic energy of the star system as a function of time? Is kinetic energy

conserved in this scenario?

[2 pts] A Roche Lobe around a star is the area, usually spherical, where material remains bound to
that star despite not being part of the star. Eggleton’s algebraic approximation for the Roche Lobe
radius Ry, ; of a star ¢ provides the minimum separation, d, before mass transfer begins. Eggleton’s

approximation:
Rpi 0.49¢>*
d 066" +In(1+ ¢’

K3 2

Here, g4 = Mao/Mpo and qp = Mpo/Mag. Write the formula for the minimum separation d at

which mass is transferred from star B to star A.

[2 pts] Suppose there is conservative Roche-Lobe overflow, which means that total mass M;,; and
orbital angular momentum L are constant. Derive how a changes as mass is transferred from star

B to star A. Express a in terms of the instantaneous masses.
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e Do not open until the test begins.
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Image Set A
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Image Set C (1/2)
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Image Set C (2/2)
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Image Set D
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School Name:

Participant Name(s):

Team Number:

Total Score: _ / 110

Directions:

¢ Read the directions on the test cover.

Rank:

Section A B C D Total
Points 30 15 30 35 110
Earned
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Team Number:

Section A (30 points)

1. 2. 3. 4. 5.
6. 7. 8. 9. 10.
11. 12. 13. 14.
15.
16. 17. 18. 19. 20.
21.
22.
23.
24.
25. 26. 27. 28.
29.
30.
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