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Modern Physics (Phys. IV): 2704

Professor Jasper Halekas
Van Allen 70
MWF 12:30-1:20 Lecture




Penetration and Shielding
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Penetrating Orbits
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Effective Radial Potential

5
Ueff k =
2! I — L — Qe -
\ Ugr=-7 + 32 1 k=3 u=1
Lo 5 . \\\
.\ N\
\\\
N
=3 g "% | =5
T
radius
0 0.5 1 1.5 2 25 3 35 4 S




Energy Levels
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Helium (Z=2) Transitions
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Lithium (Z=3) Transitions
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Sodium (Z=11) Transitions
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Sodium Emission from the Moon

THE MOON’'S EXTENDED SODIUM ATMOSPHERE

Boston University - Center for Space Physics
30 September 1991 - McDonald Observatory
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Sodium Emission from Mercury

Projected Distance (Mercury Radii)
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Concept Check

Consider an atom of Chlorine (Z = 17, outer
shell 352 3p5) and an atom of Potassium (Z =
19, outer shell 4s1). Which atom would you
predict would be easier to ionize?

Chlorine
Potassium

Both similar

No way to predict
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First lonization Potential Vs. Z
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First lonization Potential Vs. Z
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Another casualty in the War of the Atoms



Atomic RadiusVs. Z
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Paramagnetism and Diamagnetism

Zero external field Finite external field |

Paramagnets \ \ I—"/ 0 O

Diamagnets AN \ ]—~/ A A

Paramagnetism: Caused by atoms with a net magnetic dipole moment —
in these atoms, the intrinsic magnetic moment aligns with the external field

Diamagnetism: Caused by atoms with mostly filled orbitals —in these atoms,
induction effects oppose the external applied magnetic field



Magnetism and Periodic Table
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Magnetic Susceptibility Vs. Z
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Rontgen’s X-Ray Tube

Heated filament
emits electrons by
thermionic emission

Electrons are accelerated
by high voltage

x-rays produced when
high speed electrons
= hit the metal target
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|
Wilhelm

Rontgen P+
University of Munich
Rudolf P-
Ladenburg
Princeton
(Options)
| I | | ©
Hermann Henry Herman John Randolph Hans
Senftleben Barschall Winckler Kopfermann
Westfalische UW Madison UMN Technische Hochschule Berlin Cc
Wilhelms- | I 1
Universitat I I I I I I I I I I I | I I I I I
Minster Charles Daniel Robert Sperry David Walter Steven M Kinsey  Laurence Roger Hubert Wolfgang Peter Otto Hans Siegfried Herbert
Kincaid Weber Kemp Eugene Bruce Benenson Grimes Amor E. Lee Kriager Paul Meyer Osberghaus Ehrenberg Penselin Walther
Bockelman Miller Adair Darden Fossan Michigan Ohio Anderson Peterson Arnoldy Eberhard- Rheinische Chicago Albert- Johannes  University Max-Planc. +
Jan Yale University  Yale Notre ~ SUNY State University uc uUcsD UNH Karls- Friedrich- + Ludwigs-  Gutenberg- of Bonn Institut far
van Calker + of Indiana + Dame  Stony + (Astronomy  Berkeley + + Universitdt  Wilhelms- Universitdt  Universitat + Quantenoptik
Westfélische - + Brook Tree) Tubingen  Universitat Freiburg Mainz +
Wilhelms- - + T Bonn + + -
Universitat +
Munster
+
I |
Robert Lamme Clifford Donald Robert Peichung
Brown Anger Lin
National Radio Astronomy Observatory University of UC Berkeley
(Astronomy Tree) Calgary l i I I I I I I I I |
Steven Yeh-Kai Robyn M Jasper S LoraineL RobertJ Steven Linghua AlbertY Amir Lindsay
Edward Tung Millan Halekas Lundquist Lillis D Wang Shih Caspi E
Boggs uc Dartmouth uc uc uc Christe uc uc uc Glesener

uc Berkeley  (Astronomy Tree) Berkeley Berkeley Berkeley uc Berkeley Berkeley Berkeley uc
Berkeley + Berkeley Berkeley
+



X-Ray Energies

oka +10-1000x higherthan photon energies from hydrogen!

Fe Ka




Concept Check

Imagine an electron collides with a high-Z
element and removes one of its 1s electrons.
To an electron in the 2s orbital, what is the
new apparent effective nuclear charge?

Lo~ 1L
Log~1
Los~2L-1
Lo~ 2L-2
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Characteristic X-Rays

Moseley Plot of Characteristic X-Rays

o -
. -
(.
[ -~
RE 75f +---rremrereeree e R
a
Lo —
Yb70f Ay
- w )
«/ L series
1Y TIPS Y. o TR
5wl
o
NG BOf oo mw

£ N
Rh45" ........ : ......................................................... . ........
- K(l L
- |
Zr 40 oo rcerereeciiiiiiniin, -
Br35' ........................................................ RSSssScsssssssssssssas
K series
Zn 30

IR 25 v B

Ca20

P 15 ...........................................................................

1 1 I 1 I i i L

8 10 12 14 16 18 20 22

Frequency (Hz)
1076

Adapted from Moseley's original data (H. G. J. Moseley,
Philos. Mag. (6) 27:703, 1914)




A B e

Kee  AE s 11d (20 (5 =l
= o [ rl

/l/af'e F (ﬂer-(fca‘}’ Screev v
rele //‘ve = -',/
it ol 4 Ealed el e

[ » | AL = e (%“7__(/}2'(7{;_— f%z)
Pl A - e (32 (e

e +c.



K and L X-Rays

Specimen Atom — Characteristic X-Rays
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X-Ray Spectroscopy
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