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Information about the course

PowerPoint presentations (MS 1997/2003 version)
available oHAIne:

http://www.mssl.ucl.ac.uk/~kjhp/AISAS LECTURES/

This contains theppt files which you can print out If
you like.

There Is also an outline of the course:
Lecture_outline.doc

which gives the main subjects for each of the 8
lectures, and a list of books.


http://www.mssl.ucl.ac.uk/~kjhp/AISAS_LECTURES/

Scheme of Lectures

Spectroscopy basics

Introductory atomic physics/quantum
mechanics

Solar spectra: Solar photosphere, chromospher:
Solar spectra: Corona

Using spectra to find physics of emitting regions
Element abundances

Instrumentation: spectrometers

Spectra of Sutke stars
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Lecture 1:
Basics and Introductory Atomic Physics



Units

For this course, | will usgs units (centimetre, gram,
second) with a few special units.

In particular, wavelengths (symbgl normally given in
angstrom unitsm ) fEmAOVRINI M ) T N

Energies normally in ergs but for some purposes they
will be given irelectron volts (eV) orkilo-electron

volts (keV).
1eV=1.602 10'2erg,1keV=1.602 107°erg.
Conversion from E(keV) #® ) 0 Ek 82.40j<€

In atomic physics, often use Rydberg as energy unit:
1 Ry = 13.606 eV (lonization energy of H atom).

Temperatures in Kelvin (K) or megalvin (MK) = K.



Some definitions

Irradiance = radiant flux (of electromagnetic
radiation) per unit area reaching a surface.

In solar physics, this is generally just cafled.

Units areerg cm? s,

Spectral flux = radiant flux per unit area per
spectral interval (e.9. 0 ® ! Vark dind s} INB

Walvelepgth,(a) = distance between,sgccessive ,
ONbaua AY | gl OSmet¢. Y AU

Frequency (3) = number of complete waves per unit
time as a wave passes. UnitisssHz (or cycle/s).

Note: & 3= c (velocity of light).




Definitions (continued)

Wavenumber = 1/wavelength (sometimes used
Instead of energy, in energy level diagrams).
Unit = 1 cnt (sometimes called a Kaiser, K).

Intensity or Specific Intensity = amount of
radiation in a given direction per unit surface
area per unit time per unit solid angle.

Units:erg cm? st srt (1 sr =1 steradian)



Wavelength ranges
Radio radiation: > 106m

INfraNBS R NJ RAF IOEZEWY T p nn
Visible light: 3900¢T pnn £3.2eV)M T
Near-ultraviolet: 2000co don n )

Ultraviolet (or vacuum ultraviolet): 100QH n n n
Extreme ultraviolet: 100cm n n n  Q120@Wi)H
Soft X-rays: 1cmnn ) OMHAN S+ (7
Hard X-rays: 0.01cm ) 6 aHMe\) S +
GammaNJ eayY f ndnm ) o0bH 1

Spaceborne instruments are needed to observe
gl St SYyaIiKa akKkz2NISNI I



Distribution of solar radiation

Black Body
10° Distribution
T = 5778 K
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YANDODKKZ2FF | yR
experiments

| 2 0 FissionlMme spectrum (e.g. corona,
nebulae, laboratory spectra)

Cool gas in front of an incandescent source of
f A 3 Khsorpllyn line spectrum (e.g. solar
photosphere)

For many purposes we are concerned with
coronal emission line spectra for which ions
emit photons that escape to space without
any absorption, I.e. areptically thin.
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Emission from the solar atmosphere

Chromosphere and transition region: from EUV
(1001000) to UV(>100Q 0 LbfaddaCa ll
H and K lines in visible.

Corona: from EUMo soft Xrays(<10Q 0 o LJf
some visiblevavelength lines)

Active regions: from EUMo soft Xxrays

Solar Flares: from EUV tohard Xrays(<l) 0 =



Line emission

Line emission from abundant elemerg$i, He,
C, N, O, Ne, Mg, Al, Si, S, Ar, Ca(lless
abundant elements emit weak lines.)

Elementsnormally ionized in solar corona

(temperature approximately-2 R10° K = 12
MK):

For example: carbon (C) is in the form &f C*
Crions;
iron (Fe) is in form of E& F&19X @5®ns.
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Iso-electronic sequences

Often useiso-electronic series to describe an
lon.

Thus, @A & faN1SS€é 6H St SOUGN
spectrum has similarities to the spectrum of
helium.

Again, A aft &l S¢ om St SOUN
spectrum has similarities to the spectrum of
hydrogen.

Only ions with at least one electron can emit

spectral lineg; e.g. CCis fully stripped C (no
electrons), s@annot emit spectral lines.
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Spectrum notation

Historically, when iron spectra were examined in the
laboratory with relatively lowvoltage arcs, with
T=4000K, neutral Fe atoms were excited and
emittedthed T A NBR 0 & LISO0.NHzY 2 7

Later, when highevoltage arcs (sparks) became
available, a different spectrum was obsenethe
GasSo2y R aLJS OIdNwhkich was later NP
discovered to be emission lines frdier (once
lonized Fe). Emitting temperatures T~40,000K.

The notation was extended to all ionization stages.
Thus, theFe XVII spectrum is emitted by Fe*®
ions, the Fe XXV spectrum is emitted by Fe*?*

ions. 15



Basic atomic physics: The Bohr atom

H is a oneelectron atom, the simplest possible, and its
spectrum was the first to be analyzed.

In the visible wavelength range, there are spectral lines
that form a regular sequencethe Balmer sequence
C In wavelength.

It IS found that 1

— 1 1
where:

< ' ¢ @85t Sg=3hekakenumber, andR[;= M
the Rydberg constant for hydrogen,

n,=2andn,=3,4,5,06, ...
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H atom wavelengths

n,qn, Wavelength Familiar name

0) 0 of line
2C3 6563 H (or Balmes)
2C4 4861 HO
2C5 4340 Ho
2C6 4101 HU
2¢7 3970 HU

2-D 3646 Balmer series limit
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H atom: non-visible light spectrum

line series
Lyman series Of lines, in ultraviolet: wavelengths

given by 4 1 1
Ll

wheren,= 1 and,=2, 3,4, .D.

2 | St SYy3IGKaA NS MHMp )
.., and series limit, I Ad dDMH )
f AYAUEOLDOD

Other series, in infraed, are withn, = 3 @, = 4,
5,6,.)h,=40,=5,6,7,...) etc.

These are the Paschen, Brackett, ... series.



Electron orbits in the Bohr atom

Bohr assumed that the H atom consisted of a
nucleus with positive chargeete = electron
charge) with a single electron orbiting around
the atom (charge =e).

He postulated that the orbiting electron moves in
particular orbits, with particular value of angulat
momentumm v r=n h/2° wherem = electron

mass, vV = electron velocityy = distance from
nucleus,anchl’ t f I v Ol1.Qa 02y a

n1s called theprincipal quantum number.
We often writet =h/2". 19



Radii of Bohr orbits

Take the case of circular electron orbits in the H ator

Set the centripetal forcew?/r equal to the Coulomb
(electrostatic) attractive force?/r.

2 2
e mv e
>0 —=—— O I=
r r mv’
Eliminatev usingmvr=nk = " nahd gét:
>2n2 h2n2
I = —
me 4 ‘me (3)

For BtBohr orbit,r; =k me2I n ®pHd ) =
RAFYSGSNI Aad o2dzi m ) &
The radii of other Bohr orbits increaser&s




Circular orbits of the H orbit

0 "2 & 8 & *Xlo-scm.

Note:1) T 108icm 10)
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Sommerfeld modifications

(1) Electron revolves aroundcantre of gravity, not the
nucleus. Replacea with > = mM/(m+M) whereM is the
mass of the nucleus.

(2) Electron orbits arelliptical as well as circular. The
action integraq pdgq =nh  whgns any generalized
momentum that depends on the coordinatg

Thus, for an elliptical orbit, we have two conditions:
Gjpﬁ di=2" p;,=n;n (n, =1,2,3...) andj'pr dr=nh (n =123...)

Here n =k = azimuthal quantum number,
N, = radial quantum number.
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Elliptical electron orbits for H atom

K =n =azimuthal quantum number .



Energy of Bohr orbits
Total energy of electron in a circular orbit Is

e € e’

E = potential + kinetic energy(m—zvzj =——+—=

r 2r _E

Substituter from Equation (3), and write for
m,weget o __2rue 1

From Eq. (1)1 L1 q

h* n°
== - —)=—(E,-E
p F%(nlz n§) - (En—Eo)
Substituting, 1 27%ue* 1 1
A ch 'n? n?
2 4
sothat R,=2" L€ —1006780m
C
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Rydberg constant

Expres®, in energy unitg; R, is in wavenumber
units. Convert to energy using

1/<=3/c =h3/hc =E/hc.
We getR,=2.18 10! erg=13.6eV.
This I1s amtomic unit of energy.
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Grotrian diagrams

We can plot energy levels of the H atom in-a 1
dimensional diagram, with either energy or
wavenumber along the (vertical) scale.

This Is a Grotrian diagram (named after Walter
Grotrian).
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Energy (Grotrian) level diagram for H
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Energy of Lyman-Ulineis13.6 (1li1) eV = 10.2 eV
Energy of Balmer-U (HU) is 13.6 (1/47 1/9) = 1.89 eV 27



Energies of some H lines

E(Ly ) =136 x(£1/220 T ¢ E MO ®
E(Lyi ) =13.6 x (£ 1/32) =8/9 x 13.6 = 12.1 eV

E(H') =13.6 x (1/2¢ 1/3%) = 1.89 eV
E(Lyman series limit) = 13.6 x¢(@) = 13.6 eV

E(Balmer series limit) = 13.6 x (A€20) = 3.4 eV
¢cKSAaS OZ2ZNNBalLRZyR G2 i



