Tuesday, September 11

e Homework due Tuesday, September
18th

e Qutline:
— Airmass
— Magnitudes

— Types of Spectra
* Blackbody
e Emission Line



Photometry Basics:

e Vega magnitudes:
m(Q\) = -2.5 log [FQ\) / F,, . )]

F(A) = Counts on source
FVega()\) = Counts on Vega

Airmass: 7

A =sec (z) =1/ cos(z)




Type of Spectra

e Continuum:
- Blackbody: B, (T)
- free-free, free-bound
- Non-thermal: Synchrotron
radiation
- Compton scattering
e Line & Band
E dipole, B diplole, E
quadrupole
fine structure, hyperfine
structure
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ABSORPTION SPECTRA:

THE
F LECTROMAGNETIC
SPECTRUDM
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[82 — Subaru 8-m (Mauna Kea)

Emission line (Ha)




1e Planck Function: Black-body radiation

(erg st cm2 Hz! 2 11 srt)

Vien:
B(v,T) = (2 mhv3/ c?) ekt

Rayleigh-Jeans:
B(v,T) = 2KT/A2

Blackbody Radiation
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Planzk: I= m

Rayleigh: 1 = SnkTA4




Rayleigh-Jeans
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Stellar M5

Spectra

Blackbody
continuum -

AT
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Absorption Lines
Balmer jump

Felative brightness

(bound-free
transitions)

Hottest stars (O
stars) have ionized .
helium, coolest
stars have 08V
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2 4.2
2T me 2

nh-
pnization (n to infinity):
E=13.6 eV

A <= 912 Angstroms

ransitions:

E=hv = E -E Balmer

:
5

v= R[1/n2-1/n;
R = 3.288 x 10> Hz

Lyman




ohr model:
llowed orbits

mvr = nh /271t

n=4 orbit
Oulomb Force : Neils Bohr - Louis de Broglie atom, 1924 {/#‘-""""h\\
Ze? [ r> = mv?/r \ J

&

hus, (eliminate v) n=6 orbit
r=7e2/ mv: = n?h?2/4 m7Ze2m

nerqgy =-(1/2) Ze? /r = -2 12 Z2e*m/ n?h?
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Ionization cross-section or hydrogen

13.6 eV = 912 Angstro:

1 O-1$
Lyman lineps

v-3 Balmer lines

Cross-section

(tm)

Wavelength (1 /photon energyy)———




Atomic Structure

e Refinements to Bohr:
Elliptical e-orbits
Integral of Pinrand 06 =1h 1=
0,1,2, ...,n-1
Relativistic effects => 1 makes
small
correction to E-levels
Space quantization: Orientation
of orbits
111]
Electron spin



Atomic Structure

e Atomic quantum numbers:
n,l, m s -completely specity
state, E

n = 1, 2, 3, 4
shell = KL M N
maxn, = 2 8 ...

1= 01 2 3 4.
s p df g..



Atomic Structure

e Refinements to Bohr: n

Elliptical e-orbits: k

Space quantization: Orientation of
orbits

w.r.t. magnetic field: m

Electron spin: S
e Pauli: Ferminons:

No 2 e- in same state: [nkm,s]
 Shroedinger Wave function:

n => principle quantum number

(radial)
1 => orbital angular momentum O, 1,

.. N
m => magnetic sublevels (degenerate

o 4 T Va BN



Atomic Structure

Multi-electron atoms/ions
e Atomic quantum numbers:

n,l, m s -completely specity
state, E

n = 1, 2, 3, 4
shell = K L M N
maxn, = 2 8 ...

1= 01 2 3 4.
s p df g..



Orbitals
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Figure 6-12. Prohahility densiiy plois of some hydrogen atomic orbitals. The density
of the dois represenis the prohahility of finding the eleciron in that region.
@ 19283 Untversity Science Books, "Quanturn Cherustry” by Donald & e ame




ydrogen energy levels showing allowed transitions

Energy (eV)
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[ydrogen energy levels showing fine structure

3 3p2P°y, 3d°D;),

n= 3d?2D,,
3s 2S,), p’P°y,
| 5 [0
n=2
p’P°;),
2578, 2P
| Selection Rules:
| Al =0, +/-1
:: Aj = O; +/'1
E Ilva even <=> odd
n=1 y
;h
1s 2S,, - (_) 1=1



I ground state, jt,; =~ 2.5 x 1071% and A,; =~ 109~}



Ionization & Excitation

 Radiation: R, =01,
O = Cross section
o Collisions: R_ =V G.~U3.KkT./2 m)"
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