A Review/Intro to some Principles of Astronomy
• The game of astrophysics is using physical laws to explain astronomical observations
• There are many instances of interesting physics playing important role in the behavior of
astrophysical systems: e.g. magnetic fields, quantum mechanics, thermal physics.
• Ultimately however, there are only three big players:
◮ Gravity
◮ Energy (and energy transport)
◮ Angular Momentum (and angular momentum transport)
• This is great news, because there are awesome tools associated with each of these three
physical concepts: conservation laws
The nature of formulae
• There are lots of formulae in astrophysics; just thumb through your book to assure yourself
this is true!
• Many formulae have names, indicating the authors who first proposed a particular formula
in the literature (e.g. the Salpeter initial mass function, or the Eddington luminosity, or the
Chandrasekhar limit).
• Many of these formulae are empirical formulae — they were obtained by fitting data. As
such, they often have no proper derivation
• Many are derived from first principles (the laws of physics), but assume some prior empirical result!
• There are many derivations in your text. Understanding astrophysics on a deep level has
two parts: [1] understanding the physical implications of a given formula or result, and [2]
understanding the physics that makes a particular result meaningful (i.e. where did a given
formula come from).
• We will do some derivations when it is instructive to do so – we will do some, but not all.
We will try to look at the implications and physical meaning of given formulae using our
usual tools from physics → dimensional analysis, graphing, and asymptotic limits
A graph to be friends with
• One of the most common graphs/relations that we encounter in astrophysics is the power
law :
f (x) = A · xn
• The quantity n is usually called the power law index
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• Graphs of power laws are always straight lines on a log-log plot, so when you have some
data, always make a log-log plot first!
• The value of the slope on a log-log plot is the power law index. I will leave the proof of
that statement to the reader.
• We will be making a lot of graphs in this class, and you will find that making graphs is a
useful tool for helping you solve problems and develop your intuition. It is one of the most
valuable tools you’ll have in your career. You should become familiar with some tool to
graph data; Excel can certainly do it, but so can Maple. In the box below I show a simple
example of plotting a power-law in Maple

Log-Log Plots in Maple: The command to make a Log-Log plot in Maple is
loglogplot().
>with(plots); // this command loads the plot commands
>loglogplot({x^3,x^4},x=1..1000); // overlays a plot of x3 and x4

How good are astrophysical numbers?
• There is a running joke in astrophysics that is funny because it is true: numbers with huge
error bars are okay. If you are accurate to within a factor of 2×, you are often golden.
• Why? The reason is that our colleagues in astronomy can’t do experiments. All they can
do is look. We have minimal data based on what the Universe tells us.
• The usual way data works is you collect many data points and you average. The process of
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averaging reduces the effect of random noise (or random errors). There is a simple exercise
that we can do to illustrate this using gaussian noise.
• An astrophysical measurement you make to collect some data d is comprised of two parts:
the astrophysical signal s and the noise n:
d=s+n
• There are many sources of noise, and some can be understood in terms of the physical
processes that create them, but there is no deterministic way to predict the exact value of
the noise at any moment in time.
• A common distribution used to describe noise in simulations and theoretical work is the
Gaussian distribution:


1
(x − µ)2
n(x) = √
exp −
2σ 2
2πσ 2
• The Gaussian approximation is useful because it is easy to characterize by just two numbers
(mean µ and varianceσ 2 ). The mean is the average you are used to calculating, and the
variance is the square of the standard deviation (σ)
• The Gaussian distribution is plotted below and may look familiar; it is sometimes called
the normal distribution or a bell-curve
• There are two Gaussian’s plotted; both have σ = 2, with the red mean µ = 0 and the blue
mean µ = 3
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• When I say that noise is Gaussian distributed, I mean that histogram of the values n(x)
has the shape of the Gaussian curves shown above.
• How does this affect astrophysical measurements? Let’s do an example: consider measuring
the brightness of a star. Your data is a number called the magnitude. In the table below,
you only know the value d (your data), but I show the signal s and the noise n here for
reference. At the bottom, I list the average of the column ± the standard deviation (what
you’ve traditionally thought of as “error bars”)
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d
4.64258
2.91753
3.78278
3.51753
5.37024
3.40566
4.28410
4.84399
4.12987
3.90366
4.23191
4.09362 ± 0.697995

s
n
4.0
0.642579
4.0
-1.08247
4.0
-0.21722
4.0
-0.482467
4.0
1.37024
4.0
-0.594335
4.0
0.284102
4.0
0.843992
4.0
0.129873
4.0
-0.0963434
4.0
0.231909
4.0 0.0936237 ± 0.697995

• The histogram for this data is shown below. This is a small number of measurements, and
it is not clear what the true value is. The error bars are huge.
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• If I increase the number of data points (something that is not always possible in astronomy)
to 100,000 I get the histogram shown below. This value is much more clearly peaked around
4.0, and you see the nice Gaussian shape
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• The first case is the one we most often find ourselves in with astronomical observations — a
few data points about rare events. The data is what the data is, and we aren’t guaranteed to
get more, so we take what we can get! If it is only good to a very low accuracy (particularly
by experimental physics lab experiment standards) then so be it. We’ll take it over no data
any day of the week.
Fermi Problems in Astronomy
• One of the most important skills you should develop in this class is the “Back of the
Envelope Calculation.” These are also famously called Fermi Problems after Enrico Fermi,
who was quite good at them.
• The basic premise is to quickly come up with a ballpark number from numbers you can
easily estimate in your head
• The rules of the game are:
◮ Round numbers fanatically: 7 is about 10
◮ Combine numbers sloppily: 15 × 6 is about 100
◮ Use everyday experience as averages: the average mass of a star is the mass of the Sun
• You do this already, but mostly unconsciously. If I ask you “who wins a crash, the mosquito
or the Mack truck?” you quickly do a Fermi problem and give me the right answer.
• You probably don’t know enough tidbits of astronomy yet to be effective at this for astrophysics, but we’ll practice a lot! I’ll also give you some classic physics Fermi problems to
practice on your first homework.

5

Astrophysics – Lecture 1

