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Estimation is an essential skill for astronomy and life in general. This course will introduce students to the utility of order of magnitude calculations and practicing the ability to "think on your feet". |
will give short overviews of basic physical concepts but the majority of the class time will be spent interactively, with students tackling problems at the whiteboard. | will give a list of questions, some
based on recent colloquia, and the homework is to prepare for one of them each week. Problem sets will be pre-assigned with questions similar (and sometimes identical) to some in the If time
permits, | will challenge the class by extending the problem or asking a new, unseen question.

Grading is based mainly on participation. Showing up and being ready to answer the pre-assigned questions will account for 80% of the grade. If you cannot attend class because of a good reason

(i.e., not because of a pressing deadline for something else), please let me know in advance. Students will submit their own order-of-magnitude astrophysics question and answer for the remaining
20% of the grade.

Introduction to the course -- the one and only lecture to be posted.
Cheatsheet of useful constants and conversion factors .

Related courses and reading:

Astrophysics in a Nutshell by Dan Maoz for a good introduction to the various astrophysical concepts we will be using

Eugene Chiang's Order of Magnitude Physics course (Berkeley)

Sterl Phinney's Order of Magnitude Physics course (Caltech)

Along list of questions (Ohio State).

Dave Jewitt's Order of Magnitude Earth and Planetary Sciences course (UCLA)

Order-of-Magnitude Physics: Understanding the World with Dimensional Analysis, Educated Guesswork, and White Lies (Goldreich, Mahajan, & Phinney)
The Astronomical Reach of Fundamental Physics (Burrows & Ostriker 2014)

(If any reader of this knows of other good resources, please email me the links.)

www.ifa.hawaii.edu/users/jpw/classes/order_of_magnitude/


http://www.ifa.hawaii.edu/users/jpw/classes/order_of_magnitude/

Why do OOM?

* Because its quick and gets you close to the right
answer, especially in astronomy

 Because its broadly applicable — use across sub-
fields, different disciplines, and life in general

e Because its fun ;)



How the course will work

* | will provide a list of questions and students can choose
one to prepare for.

* Following Istvan, there will be a randomly chosen pilot
and copilot. The pilot goes to the board and the copilot
can look things up, check answer at the end. Everyone
else is welcome to offer suggestions if we're getting
bogged down.

* Each student should come up with at least one "good”
(i.e., interesting!) OOM question — and written answer
— for the last few weeks of the course.



Grading

e 80 % for solutions & participation
¢ 20% for student question
* Actual grade depends on the distribution;

if you are >10 below the mean by Spring
Break, | will talk to you.



Resources

* not really necessary: mostly you just need a good
understanding of physical principles and clear
thinking — best done through application — but if
you have time and inclination, follow the course

web page for links to:

» similar courses at Berkeley, Caltech, Ohio State

» some books for basic physics, and one on OOM



IA\strophysics in a Nutshell
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Al-generated Abstract

This book emphasizes the utility of order-of-magnitude estimation in physics and other scientific disciplines over exact answers. It advocates for developing an
understanding of problems through approximation, utilizing educated guesses, and simplifying assumptions to drive insights. The methodology includes
practical examples of estimations and encourages critical thinking in assessing the reasonableness of data encountered in scientific inquiry and everyday life.
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Strategies (from Mahajan)

e divide and conquer,

use symbols
y * Cross-check

e guerrilla warfare . scaling
* |ower your

e dimensional
standards

analysis

* talking to your gut



L et's go!

Estimate the apparent magnitude limit for us to
have a chance of detecting the transit of a Jupiter
around a Sun-like star using a 1m telescope and
modern CCD camera.

More interested in high-z than exoplanets?
Estimate instead the redshift to which you could
detect a Milky Way analog in one hour exposure
time on the same telescope.



