
ASTR 101 — Homework #7 (Module 3 Review
+ Cosmology Capstone)

Practice problems from galaxies, the distance ladder, dark energy, and the early
universe

Dr. Anna Rosen
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Exclamation Final Homework Submission

Submit your worked solutions on Canvas as one single, readable PDF by Wednesday,
May 6, 2026 at 11:59 pm PT.
For Homework #7, there is no grade memo. Solutions will be made public Thursday
morning, May 7, 2026, so late work cannot be accepted.

Exclamation-Triangle AI Policy

Allowed (study support):

• Clarifying your own notes or assigned readings
• Generating practice questions (not answers to assigned problems)
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• Explaining concepts at a different level for studying

Not allowed (graded work):

• Generating or rewriting homework solutions, derivations, or explanations you submit
• Submitting AI-generated reasoning you cannot reproduce on your own

Always disclose AI use in your grade memos, even if the use was allowed.

Topics: Milky Way structure and dark matter • galaxy classification and quasars • the cosmic
distance ladder • Hubble’s law • Type Ia supernovae and dark energy • the CMB and the
early universe

Estimated time: ~5-6 hours

Posted: Friday, May 1, 2026

INFO Note

This is the final homework assignment and is designed as both Module 3 practice and
final-exam review. Your worked solutions are due Wednesday, May 6, 2026 at
11:59 pm PT on Canvas. There is no grade memo for this assignment; solutions will
be made public Thursday morning, May 7, 2026.

Why this homework exists (read this)

This is not busy work. Module 3 asks you to reason from limited light to very large claims:
hidden mass, cosmic distance, cosmic expansion, dark energy, and the early universe.

This assignment is designed to:

• connect Lectures 22-26 into one evidence story instead of five isolated topics,
• rehearse the quantitative tools most likely to matter for the final exam,
• and help you practice explaining how astronomers move from observable evidence to

model-based inference.

What to do

Complete the assigned Practice Problems from the end of the following lecture readings:

• Lecture 22: The Milky Way and the First Hidden Thing — Practice Problems
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• Lecture 23: The Galaxy Zoo — Practice Problems

• Lecture 24: The Distance Ladder and Hubble’s Law — Practice Problems

• Lecture 25: Type Ia Supernovae and Dark Energy — Practice Problems

• Lecture 26: The Big Bang, the CMB, and the First Three Minutes — Practice Problems

Use the lecture pages for the full problem statements.

Important: Do the assigned problems in the order listed below. They are intentionally
sequenced from galactic evidence to cosmic-scale inference. The final problem is a capstone
evidence chain.

Notation: P = core problem, C = challenge problem in the lecture reading.

Problems to complete

1. Lecture 22: P3 — Reading a Rotation Curve
2. Lecture 22: P4 — Enclosed Mass from a Rotation Curve
3. Lecture 23: P1 — Classify It
4. Lecture 23: P3 — Quasar Luminosity
5. Lecture 24: P1 — Ladder Calibration
6. Lecture 24: P3 — Hubble’s Law
7. Lecture 25: P3 — Using a Type Ia as a Distance Indicator
8. Lecture 25: P4 — Reading the Hubble Diagram
9. Lecture 26: P2 — CMB Temperature

10. Lecture 26: Final Capstone — The Evidence Chain

For Problem 10, use the Final Capstone: The Evidence Chain prompt near the end of
Lecture 26. Choose one major Module 3 claim: dark matter, dark energy, the Big Bang, the
CMB, or the origin of the elements.
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Optional extra practice (not collected, strongly recommended)

If you want additional review after the required set:

• Lecture 22: P5, C3
• Lecture 23: P4, P5, C1
• Lecture 24: P4, C2
• Lecture 25: P5, C3
• Lecture 26: P1, P3, P4, C3

How to earn full credit

1) Show your work (always)

For any problem with numbers, your solution must include:

• setup (what you’re solving for)
• knowns/unknowns (what you’re given)
• equations or reasoning path (why you’re doing what you’re doing)
• units at every step (units are not decoration — they’re error-checking)
• a final answer that is clearly labeled (box/circle it)

If you only write a final number, you should expect major point loss even if it’s correct.

2) Explain your reasoning (conceptual problems)

For conceptual questions, write in complete sentences. Aim for:

• Claim: your answer
• Evidence/Reasoning: why (use the lecture ideas)
• Optional sketch: a quick diagram is often worth 10 sentences

3) Use diagrams like a scientist

For geometry/sky problems: draw a labeled sketch (Sun–Earth–observer, horizon/zenith, tilt,
angles). You don’t need to be an artist — just be clear.

For this homework, clearly separate what is observed from what is inferred whenever you
are reasoning from galaxy rotation, morphology, flux, redshift, standard candles, the Hubble
diagram, or the CMB. On calculation problems, write the symbolic equation first, substitute
numbers with units, and include a unit or sanity check.
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Collaboration and resources

• You may discuss ideas with classmates, but your write-up must be your own.
• If you worked with someone, add a short line at the top of your solution PDF: “Collabo-

rators: …”
• You may use your notes, the readings, and a calculator.

Pro tips (to save time and pain)

• Treat this homework as one story: galaxies reveal hidden mass, stellar physics builds the
distance ladder, and cosmic expansion turns distances into cosmology.

• For every problem, ask: what was directly observed, what model connects the observation
to physics, and what is inferred?

• On luminosity, distance, and Hubble-law problems, write the equation before you calculate.
• On dark matter and dark energy problems, avoid “scientists discovered…” explanations.

Name the observable and the inference.
• For the final capstone, write in sentences first and equations second. The goal is an

evidence chain, not a pile of vocabulary words.

Help

If you get stuck, bring at least one specific attempt (a diagram, your setup, where you got
lost) to office hours. Struggle is normal; productive struggle is the point.
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