
Atomic$Physics$Summary$
•  Know7parts7of7the7periodic7table7
•  Understand7and7be7able7to7recognize7the7spectrum7and7
orbitals7of7hydrogenOlike7atoms7

•  Be7able7to7calculate7spectrum7and7ionizaVon7energies7
•  Know7the7order7in7which7orbitals7are7filled7
•  Recognize7spectroscopic7notaVon7
•  Remember7selecVon7rules7for7dipole7transiVons7
•  Other7topics7
•  Basic7chemistry7
•  Types7of7chemical7bonds7
•  What7causes7spectra7to7change?7(Pressure,7Temperature,7etc.)7



The$Periodic$Table$
•  A7few7things7worth7memorizing:7
•  Fact:7Z7ranges7from717to7(about)71007
•  Noble7gases,7in7order7by7weight7
•  Alkali7metals7
•  Z7for7Carbon,7Iron7(as7well7as7H,7He)7



The$Hydrogen$Atom$
•  Most7complicated7system7completely7solved7by7quantum:7one7
electron7and7one7proton7

•  Bohr7radius:7most7probable7distance7between7p7and7e7in7
hydrogen7ground7state7

•  Allowed7energies,7where7n7is7the7quantum7number7of7the7
radial7state7of7the7atom:7

•  It7is7worth7knowing7these7formulae7so7you7know7how7they7
scale7as7mass7or7charge7is7changed7(or7at7least7be7able7to7
reason7them7out7using7dimensional7analysis)77



Positronium$
•  ElectronOpositron7bound7state7
•  Mass7that7appears7in7H7
spectrum7is7reduced7eOp7mass:7

•  Since7mp7>>7me,7the7reduced7
mass7is7set7to7me7

•  But7for7positronium,7what7is7
the7new7reduced7mass?7

•  How7does7the7energy7
spectrum7change?7

•  How7does7the7Bohr7radius7
change?7



Spectrum$for$Hydrogen$$
(and$for$Higher;Z$atoms)$

•  Photons7are7emi"ed7when7atomic7electrons7fall7from7high7n7to7
low7n7states7

•  Photon7energy7is7equal7to7the7energy7difference7between7the7
two7energy7states7

•  As7a7first7approximaVon,7can7treat7highOZ7atoms7as7having7
effecVve7charge7Ze7
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Spectrum$for$Hydrogen$$
(and$for$Higher;Z$atoms)$

•  Long7wavelength7=>7small7frequency7

•  nf7and7n07must7be7close7to7one7another7

•  Balmer7n07=73,7nf7=72:7O5/367

•  Lyman7n07=72,7nf7=71:7O3/47

•  Take7the7raVo…7
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Ionization$energy$
•  How7much7energy7does7it7take7to7ionize7an7atom,7so7that7one7
(or7more)7electrons7are7removed7from7their7orbits7
completely?7

•  Think7of7the7energy7required7as7an7atomic7transiVon7from7n07
to7nf7O>7∞:7

 
 
 

Unauthorized copying or reuse of 
any part of this page is illegal.  GO ON TO THE NEXT PAGE. 

 

16. A student makes 10 one-second measurements  
of the disintegration of a sample of a long-lived 
radioactive isotope and obtains the following 
values. 

3, 0, 2, 1, 2, 4, 0, 1, 2, 5 
 
  How long should the student count to establish  

the rate to an uncertainty of 1 percent? 

(A) 80 s 
(B) 160 s 
(C) 2,000 s 
(D) 5,000 s 
(E) 6,400 s 

 
17. The ground state electron configuration  

for phosphorus, which has 15 electrons, is 

(A) 1s2 2s2 2p6 3s1 3p4 
 
(B) 1s2 2s2 2p6 3s2 3p3 
 
(C) 1s2 2s2 2p6 3s2 3d3 
 
(D) 1s2 2s2 2p6 3s1 3d4 
 
(E) 1s2 2s2 2p6 3p2 3d3 

 
18. The energy required to remove both electrons 

from the helium atom in its ground state is 
79.0 eV. How much energy is required to ionize 
helium (i.e., to remove one electron) ? 

(A) 24.6 eV 
(B) 39.5 eV 
(C) 51.8 eV 
(D) 54.4 eV 
(E) 65.4 eV 

 

19. The primary source of the Sun’s energy is a series 
of thermonuclear reactions in which the energy 
produced is c2 times the mass difference between 

(A) two hydrogen atoms and one helium atom 
(B) four hydrogen atoms and one helium atom 
(C) six hydrogen atoms and two helium atoms 
(D) three helium atoms and one carbon atom 
(E) two hydrogen atoms plus two helium atoms 

and one carbon atom 
 
20. In the production of X rays, the term 

“bremsstrahlung” refers to which of the 
following? 

(A) The cut-off wavelength, lmin , of the  
X-ray tube 

(B) The discrete X-ray lines emitted when an 
electron in an outer orbit fills a vacancy in 
an inner orbit of the atoms in the target 
metal of the X-ray tube 

(C) The discrete X-ray lines absorbed when an 
electron in an inner orbit fills a vacancy in 
an outer orbit of the atoms in the target 
metal of the X-ray tube 

(D) The smooth, continuous X-ray spectra 
produced by high-energy blackbody 
radiation from the X-ray tube 

(E) The smooth, continuous X-ray spectra 
produced by rapidly decelerating electrons 
in the target metal of the X-ray tube 

 
21. In the hydrogen spectrum, the ratio of the 

wavelengths for Lyman-a radiation (n = 2 to  
n = 1) to Balmer-a radiation (n = 3 to n = 2) is 

(A) 5/48 
(B) 5/27 
(C) 1/3 
(D) 3 
(E) 27/5 
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Helium$Ionization$Energy$

•  The7energy7to7remove7two7He7electrons7equals7the7energy7
required7to7ionize7He7(remove7the7first)7plus7the7energy7
required7to7remove7the7second7

•  Treat7ionized7Helium7as7a7hydrogenOlike7atom7with7Z7=727
•  What7is7the7ionizaVon7energy7of7ionized7Helium?7
•  47*713.67eV7=754.47eV7
•  =>7797eVO54.47eV7=724.67eV7
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Ionization$energy$
•  Generally,7ionizaVon7energy7is7highest7for7noble7gases,7lowest7
for7alkali7metals7

h"p://en.wikipedia.org/wiki/IonizaVon_energy7
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Orbitals$

h"p://chemistry.beloit.edu/Stars/pages/orbitals.html7



Orbitals$
•  Orbitals7are7denoted7by7their7quantum7numbers7
•  n7is7the7radial7quantum7number,7determines7energy7eigenstate7
•  l7is7the7azimuthal7quantum7number:70,71,72,7…7nO17
•  m,is,the,magne0c,quantum7number:7Ol,7Ol+1,7…7lO1,7l7
•  l7>707states7are72l+1Ofold7degenerate7

•  l,7m7=707states7are7spherically7symmetric:7nonzero7l,7m7states7
have7nonzero7angular7momentum7and7break7symmetry7

•  For7each7n,7there7are7n27O7n7possible7states7to7fill7
•  We7disVnguish7these7angular7momentum7states7as7follows:7
•  s:7l7=707(sharp)7
•  p:7l7=717(principal)7
•  d:7l7=727(diffuse)7
•  f:7l7=737(fundamental)7



How$ground$state$orbitals$are$Cilled$
•  I7have7Z7electrons7in7an7atomic7ground7
state,7which7orbitals7do7they7fill?7

•  NotaVon:7(n,7lOstate7label,7number7of7
electrons7in7state,7up7to72)7

•  Filling7is7as7follows,7from7lei7to7right:77

71s272s272p673s273p674s273d107…7
•  (Note,7for7example,7that74s7are7filled7
before73d)7

•  Aier7Helium,7noble7gases7occur7when7pO
orbitals7are7filled:7
•  He:71s2,77Ne:71s272s272p6,7
•  Ar:71s272s272p673s273p6,7etc.7

•  SomeVmes7this7notaVon7is7abbreviated:7
•  Ca:71s272s272p673s273p674s2=7Ar74s27



How$ground$state$orbitals$are$Cilled$
•  NotaVon:7(n,7lOstate7label,7number7of7electrons7in7state,7up7to72)7

7 71s272s272p673s273p674s273d1074p67
7



How$ground$state$orbitals$are$Cilled$
•  NotaVon:7(n,7lOstate7label,7number7of7electrons7in7state,7up7to72)7

7 71s272s272p673s273p674s273d1074p6,
•  (A)7What7about73d?7
•  (B)7Only717electron7in74s7
•  (C)7No7l7=747electrons7here7
•  (D)7I7count7197orbitals7filled7
•  (E)7sOorbitals7have707net77
777angular7momentum7and7are7
777spherically7symmetric7
7
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 4. An infinitely long, straight wire carrying current 
I1 passes through the center of a circular loop 
of wire carrying current I2 , as shown above. The  
long wire is perpendicular to the plane of the loop.  
Which of the following describes the magnetic  
force on the loop? 

(A) Outward, along a radius of the loop. 
(B) Inward, along a radius of the loop. 
(C) Upward, along the axis of the loop. 
(D) Downward, along the axis of the loop. 
(E) There is no magnetic force on the loop. 

 
 5. De Broglie hypothesized that the linear 

momentum and wavelength of a free massive 
particle are related by which of the following 
constants? 

(A) Planck’s constant 
(B) Boltzmann’s constant 
(C) The Rydberg constant 
(D) The speed of light 
(E) Avogadro’s number 

 
 6. An atom has filled n = 1 and n = 2 levels. How 

many electrons does the atom have? 

(A) 2 
(B) 4 
(C) 6 
(D) 8 
(E) 10 

 

 7. The root-mean-square speed of molecules of  
mass m� in an ideal gas at temperature� T� is 

(A) 0 
 

(B) 2kT
m

 

 

(C) 3kT
m

 

 

(D) 8kT
mS

 

 

(E) kT
m

 

 
 8. The energy from electromagnetic waves in 

equilibrium in a cavity is used to melt ice. If the 
Kelvin temperature of the cavity is increased by a 
factor of two, the mass of ice that can be melted in 
a fixed amount of time is increased by a factor of 

(A) 2 
(B) 4 
(C) 8 
(D) 16 
(E) 32 

 



Spectroscopic$notation$
•  There’s7yet7another7notaVon7for7the7state7of7atoms,7that7can7
also7account7for7states7above7the7ground7state7

•  S7is7the7total7spin7momentum7of7the7electrons7
•  Electrons7paired7together7in7the7same7state7have707net7spin7
•  SpinOup7and7spinOdown7halfOshells7are7filled7separately7
•  That7is7to7say,7three7p7states7(px,7py,7pz)7are7filled7as7follows:7
(1,0,0),7(1,1,0),7(1,1,1),7(1,1,2),7(1,2,2),7(2,2,2)7

•  Only7unpaired7electrons7contribute7to7S7
•  L7is7the7lOstate7label7of7the7atom7(S,7P,7D,7F,7etc)7
•  Each7halfOshell7is7filled7in7order:7l,7lO1,7lO2,7…71Ol,7Ol7

•  J7is7the7total7angular7momentum,7ranging7from7L+S7to7|LOS|7
•  |LOS|7if7outermost7subshell7is7only7half7filled7
•  L+S7if7outermost7subshell7is7completely7filled7



Spectroscopic$notation$
•  S7is7the7total7spin7momentum7of7the7electrons7
•  Electrons7paired7together7in7the7same7state7have707net7spin7

•  L7is7the7lOstate7label7of7the7atom7(S,7P,7D,7F,7etc)7
•  Each7halfOshell7is7filled7in7order:7l,7lO1,7lO2,7…71Ol,7Ol7

•  J7is7the7total7angular7momentum,7ranging7from7L+S7to7|LOS|7
•  |LOS|7if7outermost7subshell7is7only7half7filled7
•  L+S7if7outermost7subshell7is7completely7filled7

•  Examples:7
•  Mg:71s272s272p673s27O>7s7=70,7l7=70,7j7=707=>77
•  Example7of7an7atom7with7all7shells7filled7

•  C:7He72p27O>7s7=71,7l7=717+70,7j7=7lOs7=707=>7

•  F:7He72p57O>7s7=7½,7l7=71+0O1+1+07=71,7j7=7l+s7=73/27=>7

•  P:7Ne73s273p37O>7s7=73/2,7l7=71+0O1=70,7j7=7lOs7=73/27=>7



Spectroscopic$notation$
•  Two7examples:7



Spectroscopic$notation$
•  Two7examples:7
•  Note7the7atom7is7out7of7its7
ground7state7
•  S7=73/27
•  l7=70+1+17=727

7
7
•  Na:7Fill7up7to7117electrons:7
•  1s272s272p673s17
•  l7=707
•  S7=7½7
•  J7=7|lOs|7



Selection$Rules$
•  For7a7hydrogenOlike7atom7to7undergo7a7transiVon7from7a7
higher7energy7state7to7a7lower7energy7state7(thus7emipng7a7
photon),7there7are7restricVons7on7the7transiVons7that7are7
allowed7

•  Specifically,7the7angular7momentum7quantum7numbers7must7
change:7
•  Δl7=7+17or7O17
•  Δm7=7+1,7O1,7or707

•  When7working7in7spectroscopic7notaVon:7
•  ΔJ7=7+1,7O1,7or707
•  Δs7=707(no7restricVons7due7to7spin,7outside7of7Pauli)7

•  “Electric7dipole7transiVon”7



Selection$Rules$;$Examples$
•  Two7examples:77

7
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Selection$Rules$;$Examples$
•  Two7examples:77
•  Spherically7symmetric7wave7funcVons7
are7both7SOtype7orbitals7

•  There7must7be7some7change7in7angular7
momentum7for7radiaVon7to7occur7

•  Need7to7use7spectroscopic7notaVon7
here7as7well!7
•  S7=71/2,7L7=71,7J7=7L+S7=73/27

•  (A)7Seems7possible7
•  (B)7Angular7momentum7hasn’t7changed7
•  (C)7Not7true7
•  (D)7An7electron7with7spin73/2?7
•  (E)7Need7an7n=47state7to7have7a7dO
orbital7
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