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LAB #6 THE SPECTRAL CLASSIFICATION OF STARS

Why is Classification Important?

Classification hes at the foundation of nearly every science. In many natural sciences, one
15 faced with a bewildering degree of complexaty in the snbjects of one’s study. However, by
sorting objects into distinet classes, patterns and relationships can be revealed, sugeesting an
nnderlying order. For example, biologists have classified plants and animals into genms and
gpecies and throngh these classifications have discovered evolutionary connections among
different hife forms. Geolopists likewise have an claborate system of classification for rocks
and minerals, which helps them to constrain the formation mechanisms for varous matenals.
Astronomers are no exception. They classify plancts as terrestrial or Jovian, galaxies as
spiral, clliptical or irregular, and stars according to the appearance of their spectra.

In this exercize, you will stwdy the method that astronomers use to classify stars by thear
spectra.  The resnlting classification was a key step in elucidating the underlying physics
that produced stellar spectra. Thas, 1in astronomy as well as biology, the relatively muindane
step of classification eventually yields the critical insights which lead to breakthronghs in
nmnderstanding.

The Spectra of Stars

A spectrum of a star 15 produced by photons emitted from its very omtermost layers. Photons
cmitted from further within the star interact frequently with the dense stellar matenial, and
can not “escape” before being absorbed or redirected. Thas, we never see these inner photons,
and only observe photons ematted from the star's more teomons “atmosphere” . Ths 18 similar
to what would happen to someone trying to observe the Earth from outer space. They conld
never “soe” below the ground, because the Earth was too dense, and could only observe
light emitted in the atmosphere' . Tochnically, we say that the inner parts of a star (or the
Earth) are “opaque”™, or “optically thick™, and that only the atmophere 15 “transparent™ or
“optically thin".

Almost all stellar spectra consist of a broad, smooth distnmbution of photons of different

wavelengths, known as “contimmm emizsion”, with many absorption hines superimposed,
changing the featureless smooth continoum spectrum into a mmch more complex one. The

contimmm emission 15 domimated by thermal radiation, which yon have studied in a previous
lab. Thermal radiation 15 produced by the interactions between the moving particles in a
star’s atmosphere and photons. The exact shape and amplitude of the thermal spectrum

'"Note that this is not an exact analogy, since the Earth is solid, and stams remain gaseous all the way to
the center.
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depends on the temperature of the star's atmosphere (1.e. how fast the particles i the
atmosphere are moving).

While the spectrum of black body radiation 13 smooth, the actnal spectrum of a star s

much more comphicated. Many absorption lines remove light from the anderlying black
hody spectram at specific wavelengths., These wavelengths depend on the exact 1ons, atomns,

and molecnles that exast in a star's atmophere, and thus the pattern of absorption lines
reveals the chemical content and physical state of the star’s atmosphere (e.g. are there many
heavy clements mm the star? 15 the atmosphere hot and mostly 1oneeed, or cool and mostly
molecular?). The absorption lines are produced when clectrons in atoms and for 1ons absorb
individual photons from the smooth continmmum that happen to have exactly the energy
necded to boost a bound electron to a hogher energy level.  This removes light from the
contimmm, and leaves behind a dark regpion i the spectrum.  These absorption lines are
vory narrow 1in wavelength, meaning they only remove photons at very specific wavelengths.
However, sometimes there are so many absorption ines in a spectrum that it 15 difficult
to see mdividual lines, and imstead the spectmum has large jageped dark resmons made from
the snperposition of many many different absorption ines from many different clements and
ions. In some very cool stars (cooler than 3,000 K), the absorption lines are produced by
entire moleenles absorbing photons, rather than electrons i atoms.

Why do Spectra of Stars Vary?

Stars come In a wide range of stees and temperatures. The hottest stars in the sky have
temperatures in exeess of 40,000 K, whereas the coolest stars that we can detect optically
have temperatures of only 1,000-1,500 K. The appearance of the spectrum of a star 18 very
strongly dependent on 1ts temperature. The temperature changes the shape of the underlyving
thermal contimmm as well as the kinds of 1ons, atoms, and molecnles which can exast inoa
star’s atmosphore. For example, the very hottest stars (called O-type stars) show absorption
lines due to ionised helinm (He IT) and doubly or even triply ionized carbon, oxygen or silicon.
On the other hand, the coolest stars (M-, L-, and T-type) show lines produced by molecules
like Titanium Oxide (TiO).

Procedure

This lab teaches the basic techmaques and entena of the Morgan-Keenan system of spectral
classfication. Yon will put several stars in a temperature sequence, first using the shape of
the contimmm, and then using the strength of the absorption lines. You will then use these
ohservations to classify the stars.
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Estimating Temperature from the Shape of the Thermal Radiation

Spectrum

The plots below show how the spectra of objects of different temperatores would appear at
optical wavelengths. Each enrve shows a “thermal” or “black-body™ radiation spectrum, for

different temperatures.
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1 (1pt). A thermal spectrum should always have a peak. Why don’t you see a peak in all
of these plots?

2 (2 pts). Rank these spectra from hottest to coolest. Label the spectrum with the highest
temperature with a “17, the next hottest wath a “27, ete.
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