
13 ASTRO NOTES 2018/9/21 - FRI - SELECTION RULES; BINARIES 1

13 Astro notes 2018/9/21 - Fri - selection rules; bina-

ries

Binaries will not be on first exam. Just through light and matter.
Some homework things:
What is meant by integrating an ODE
Briefly revisit relativity problem: not when ship is halfway! Helps to distinguish between

”coordinate time”, which is different in the two frames, and ”elapsed time” which can only
be determined for a specific path. Physics problems typically use coordinate time and then
compute the time elapsed on a clock moving on some path by doing an integral in those
coordinates.

13.1 Selection rules and forbidden/permitted lines

When a transition occurs in an atom, it is necessary for the photon produced to have
an angular momentum of 1. This restricts the transitions to energy levels which have
a difference in angular momentum of ∆` = 1. These are called ”permitted” transitions,
while the converse are ”forbidden” transitions. Forbidden transitions can still occur, but the
relevant levels have much longer lifetimes and are therefore ”weaker” emitters. Typically
an emission is possible via higher-order effects (e.g. a non-dipole photon emission), but
is therefore much slower to occur. Also interaction with matter can easily de-excite these
lines.

Below is a permitted line transition diagram for helium. Figure 5.14 in text.
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13.2 Binary Stars

Several major types:

• resolved

– ”visual binaries” where both stars are seen in motion – both masses can be
determined.

– ”astrometric binaries” where one star is too dim to see

• unresolved

– spectroscopic – doppler shift of one or both spectra observed – can get total
mass up to inclination factor

– eclipsing, spectroscopic – everything determined including stellar radii

Why is this important? Critical to measure mass-luminosity relation in order to under-
stand the stellar main sequence. i.e. to test that stellar luminosity is related to age and
initial mass, not just age.

Counting free parameters:
Given observations of a binary, we would like to determine the masses of the stars. But
how many free parameters must be determined in order to do that? Kepler’s law says

P 2 =
4π2

G(m1 +m2)
a3

and so each star forms an ellipse of size a1 = (m2/M)a and a2 = (m1/M)a. If we can
measure P , a1 and a2 this gives us three equations and three unknowns, m1,m2 and a.
Said another way, we must measure the orbital period and the orbits of BOTH stars in
order to get both masses.

This sounds easy, however there is one significantly complicating factor: inclination,
typically denoted i. We will come back to this. Also the binary will be moving with some
constant velocity, but that is relatively straightforward to compensate for.

First note that the problem is often rephrased as determining the mass ratio m1/m2 = q
and the total mass M = m1+m2 instead of discussed in terms of m1 and m2 directly. This is
because these are what have different difficulties of measurement. m1/m2 can be measured
from

q =
m1

m2

=
a2
a1

while, since a = a1 + a2,

M = m1 +m2 =
4π2

GP 2
(a1 + a2)

3
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13.3 Resolved binary, simplest geometry

In the simplest geometry, a resolved binary will have orbits in the plane of the sky. This is
defined as i = 0. In this case we can measure the angles α1 ≈ a1/d and α2 ≈ a2/d, where
d is the distance to the star. Even if d is not known, the mass ratio can be determined

q =
m1

m2

=
α2

α1

(Student: find total mass)

M = m1 +m2 =
4π2

GP 2
(α1 + α2)

3d3

The total mass, then, does require the distance to set the overall scale.
But this example is essentially useless, as binaries nearly always have inclination from

the line of sight. Consider the simplest inclination, which is about the semiminor axis (note
that there is actually both an inclination and orientation). In this case the angles measured
are based on the projected distances so that

α1 =
a1 cosi
d

and α2 =
a2 cos i

d

(note my notation is a bit different from the book, as α is still the angle observed, but it is
just no longer a/d when there is nonzero inclination). The mass ratio is still straightforward:

q =
a2
a1

=
α2d/ cos i

α1d/ cosi
=
α2

α1

We will address the total mass next time.
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