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DEFINITIONS AND FORMULAS

9c-1. Energy-band Theory of Solids (refs. 1, 2, and 3). According to quantum
theory an electron bound to an atom can exist in only a limited number of discrete
energy states. A large number of noninteracting identical atoms will all have the
same set of allowed discrete energy states. If, now, these atoms are brought closer
together and finally to their actual distancesin a solid, they begin to interact and the
energy levels will split. In a periodic array of atoms (crystalline solid), the allowed
states tend to cluster into continuous groups of energy levels called energy bands.
These energy bands may or may not overlap. The solid may also consist of two,
three, or more kinds of different atoms (compounds). :

Metal: A material in which the highest occupied energy band is only partly filled.
The resistivity of metals increases with temperature; the temperature dependence is
close to linear except at low temperatures.

Semiconductor (refs. 1, 2, and 3): A material in which the highest occupied energy
band (valence band) is completely filled at absolute zero. The energy gap between the
valence band and the next higher band (conduction band) is between zero and 4 or
5 eV. The resistivity decreases in certain temperature ranges exponentially with
increasing temperature.

Ins-dator: A material in which the highest occupied energy band is completely
filled. The difference between insulators and semiconductors is only gradual.
Materials with energy gaps larger than 4 or 5 eV are usually called insulators. The
resistivity of pure insulators at room temperature is extremely high, At elevated
temperature ionic conduction often dominates electronic conduction,

Efective Mass (refs. 1, 2, and 3). Near the top or the bottom of a band the energy
is generally a quadratic function of the wave vectors, 8o that by analogy with the
expression § = p?/2m = #%*/2m for free electrons we can define an effective mass m*
such that 916/9k? = A*/m* (p = momentum, &k = wavevector, 2 = Planck’s constant
X 1/2x). The effective mass of electrons is positive. Near the top of a band m* is
negative, 80 that the motion corresponds to that of a positive charge (hole).

9¢c-2. Distribution Function, Fermi Energy, etc. The probability that a given
state of energy & is occupied is given by i

! Definitions and Formulas.
* Bibliography of Energy Band Calculations.
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This is called the Fermi-Dirac distribution function. E&p is the Fermi energy. At
absolute zero £#° has the significance of a cutoff energy. All states with energy less
than &#° are occupied, and all states with energy greater than £g° are vacant. The
distribution is called degenerate when €¢ > kT and nondegenerate when &» K k7. In
the latter case the distribution function becomes

&8 -=
f=ck ¥ = A.. kT

This is known as the Mazwell-Boltzmann or classical distribution function. The

density of states (or number of states with energy &) per unit volume is given by

o) = ZET g

(for spherical energy surfaces). The Fermi energy or Fermi level is determined by the
total number of electrons per unit volume (no). One calculates for Fermi-Dirac

statistics:
P P ﬂ)’ .
br = 8r [1 12 (8p° + ]
h2 31!0 i

0 = —0 [ 220
where &' =3 ( e
and for Maxwell-Boltzmann statistics:

noh?
Er=kTIn ——_—2(2m‘kT)!

9c-3. Transport Properties. Electrical Conductivity. In a solid where ohmic con-
duction occurs, the current density J is given by :

= ¢E

where o is the conductivity and E the applied electric field. Tn a homogeneous iso-
thermal crystal ¢ is a tensor having the symmetry of the crystal.

Mobility. The drift mobility of charge carriers is defined as the drift velocity per
unit applied electric field (vn/E). The relation to the collision time 7. is given by '

er.
“(D) = m—‘

Hall Effect. When a magnetic field is applied to a conductor carrying a current
density J, an electric field Eg (Hall field) is developed given by the relation
Er=RJXB

R is called the Hall coeficient and B is the magnetic induction. When the current

density is in the length direction of the sample (J.) and the field in the z direction,
the Hall coefficient (for electrons or holes) is

ne c

where n = carriers/cm3
e = 1.6 X 1071 ¢coul
» = cm?/volt-sec
o = (ohm-cm)-!
r = a scattering factor of the order of 1
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Hence B = cm?/coul. uis called the Hall mobility and is usually somewhat different
from the drift mobility.

Magnetoresistance. The resistance of a metal or semiconductor is altered by the
presence of a magnetic field. The relative change in resistance is

4o _ aB2
P 1 4 u?B?

The theory for a single isotropic energy band gives no change in resistance for metals.
For semiconductors (with one type of carrier scattered by acoustical lattice vibrations)
one finds at low fields that

a = 0.38u% X 1071

‘where the mobility u is measured in cm?/volt-sec and B in oersteds.

Seebeck Effect (Thermoeleciric Power). If two different conductors are joined
together at both ends and the two junctions kept at different temperatures, an electro-
motive force is set up which is proportional to the temperature difference (for small
AT). Tte thermoelectromotive force per degree centigrade is called the thermo-
electric power (Q).

_ w2 T

For metals: Q = 3 (

9 log o(8)
38 E=mEy

where o(8) is the electrical conductance due to charge carriers of energy &.

For semiconductors see Sec. 9e-4. :

Thomscn Effect. When an electric current J passes between two points of a homo-
reneous conductor, with a temperature difference AT existing between these points,
an amount of heat orJ AT is emitted or absorbed in addition to the Joule heat. The
parameter or is called the Thomson coefficient.

Peltier Effect. If two conductors are joined together and kept at a constant tem-
perature while a current J passes through the junction, heat is generated or absorbed
at the junction in addition to the Joule heat. The Peliier cocfficient O,; is defined so

that the heat emitted or absorbed per second at the junction is I;sJ.
" Kelvin Relations
Qu = HuT

ng%,l—2 =gr, — O,

Nernst E_ﬁ'::ct (ref. 4). If a temperature gradient is maintained in an electronic con-
ductor (J = 0) in the presence of a transverse magnetic field, a transverse electric
field develops which is given by

Eg = QN VT x B
Qx is called the isothermal Nernst coefficient. For semiconductors (one type of car-
rier, classical statistics, and acoustical lattice scattering):

3rk

O =~ i5e

Ettinghausen Effect (ref. 4). If a temperature difference is maintained across an
electronic conductor perpendicular to a current of density J in the presence of a mag-
netic field, a transverse temperature gradient is established given by

V,T-PJ’XB

P is called the Ettinghausen coefficient. The Ettinghausen coefficient P, the Nernst
soeffcient Qn, and the thermal conductivity « are related by the expression

kP = TQx




ELECTRONIC PROPERTIES OF SOLIDS 9--29

Righi-Leduc Effect (ref. 4). If a temperature difference is maintained in an elec-
tronic conductor in the presence of a magnetic field in which J = 0, a transverse
temperature gradient is established:

V. =SB XVT

S is called the Righi-Leduc coefficient.
‘Thermal Conductivity. If a temperature difference is maintained across a solid,
the heat transported per unit time and unit cross-sectional area is

g =xV%T

where « is the thermal conductivity. ‘'The thermal conductivity of an electronic conduc-
tor can be written as the sum of two compounds; x is due to heat transport via the
lattice, and «, stems from the electronic heat transport:

k=x+xe =x1 4+ LoT

where ¢ is the electrical conductivity ‘and L the Lorenz number or Wiedemann-Franz
ratio. For degenerate free electrons,

x? (k\? watt-ohm
- - -8
L= (e—) =2.45 X 10 “deat

For nondegenerate free electrons and acoustical lattice scattering,

e

Thermionic Emission. The current density of electrons emitted from a metal at
temperature 7T is

J = AT.e-énT

This is the Richardson-Dushman equation. ¢ is the work function, A = 4rmek?/h® =
120 amp/em?/deg?. )

9c-4. Specific Heat. The specific heat of an electronic conductor consists of two
terms

C, = vyT 4+ BT}

where the first term is the electronic and the second the lattice contribution. The
former can usually be observed only at very low temperatures.
For degenerate free electrons:

x2k?
T =g ergs/deg? per electron

-
For nondegenerate free electrons:

v = g% ergs/deg? per electron

9c-8. Magnetic Properties of Electrons. Cycloiron Resonance. Current carriers
in a solid when accelerated by a microwave electric field perpendicular to an externally
applied static magnetic field H will spiral about the magnetic field. For sufficiently
large mean free path [ or collision time r—the condition is w.r > 1—a resonance
absorption is observed for a frequency

H

[A) 3
¢ m*%

where ¢ is the velocity of light. This technique provides a direct measurement of the
efiective mass electrons (or holes) m™*.
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Magnetic Susceptibility of Charge Carriers. Charge carriers contribute a diamag-
netic effect through their translational motion and a paramagnetic effect due to their
spin. For nondegenerate conductors (semiconductors),

_ nug? m? )
X=%7 \! " 3m%

where n is the concentration of free carriers and us the Bohr magneton. If m* is
small (Ge), the susceptibility is mainly diamagnetic. If m* is large (TiO.), the
paramagnetic eflect dominates. ’

For degenerate conductors (metals, semimetals, and impure semiconductors) at

low temperature,
' _ 3nug? (1 _m! )
Xe 28y 3m*:

.2
B Betnh (1 -

m?
dm*2

Transition metals have a large m*, and consequently they show a high magnetic sus-
ceptibility (Pauli paramagnetism); semimetals with small m* (e.g., Bi) have a diamag-
netic susceptibility.

Knight Shift. Polarization of conduction electrons will produce a shift in frequency
at which rclear magnetic resonance absorption will oceur for a given type of nucleus
in a metal relative to a particular nonmetallic solid,

9c-6. Optical Properties of Electrons. Optical Absorption. Electromagnetic
radiation of wavelengths in the ultraviolet, visible, or infrared region will be absorbed
by a semiconductor or metal through the excitation of electrons and phonons.

As far a3 the electronic excitation is concerned, three mechanisms can be distin-
guished:

1. Electronic transition between different energy bands

2. Electronic transitions within an energy band (“free carrier absorption”

3. Electronic transitions between a localized state of an imperfection and an energy
band :

The absorption coefficient « is deduced from the measured transmission by means
of the following expression:
T =_I_ _ (1 - Ry)e—ad
Io R R’C_u‘
where I, = incident light intensity
I = transmitted light intensity
d = thickness of sample
R = reflectivity = [(n — 1) 4+ k/[(n + 1)2 + k)
n = refractive index
k = extinction coefficient = a X wavelength /4»
Photoconductivity: An increase of electrical conductivity under illumination due
to excitation of electrons or holes into conducting states.
The resulting current is given by

elVyur

J = I

where I = absorbed light intensity
V = applied voltage
u = carrier mobility
r = carrier lifetime
L

= length of sample

SR
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Photovoltaic Effect: The generation of a voltage (due to optical excitations) when a
semiconductor is illuminated at the electrodes or at internal barriers or p-n junctions.

Carrier Lifetime: The length of time that an electron (hole) spends in conducting
states before being captured by a hole (electron) or imperfection. The decay of
excess carriers follows the law .

where n, is the equilibrium density of carriers and r the carrier lifelime.

Ezciton: A bound electron-hole pair in an insulator or a semiconductor. The
exciton energy levels are states in the forbidden energy gap, below the conduction
band. The exciton may move through the crystal, transporting energy but no elec-
trical charge, because it is neutral.
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Fletcher, G. C.: Proc. Phys. Soc. (London), ser. A, 65, 192 (1952). Nickel, tight-binding.

"Howarth, D. J.: Proc. Roy. Soc. (London), ser. A, 220, 513 (1953). Copper, cellular.

Koster, G. F.: Phys. Rcv. 98, 901 (1955). Nickel, tight-binding. )

Hov-arth, D. J.: Phys. Rer. 99, 469 (1955). Copper, APW.

Callaway, J.: Phys. Rer. 99, 500 (1953). Iron, OPW. -

Schiff, B.: Proc. Phys. Soc. (London), ser. A, 68, 686 (1955); 69, 185 (1956). Titanium,
cellular.

Fukuchi, M.: Progr. Theoret. Phys. 16, 222 (1956). Copper, OPW.

Altmann, S. L., and N. V. Cohan: Proc. Phys. Soc. (London) 71, 383 (1958). Titanium,
cellular.

Altmann, S. L.: Proc. Roy. Soc. (London), ser. A, 244, 141, 153 (1958). Zirconium, cellular.

Stern, F.: Phys. Rev. 116, 1399 (1959). Iron, tight-binding. .

" Belding, E. F.: Phil. Mag. 4, 1145 (1959). Cr, Fe, Ni, tight-binding.

Wood, J. H.: Phys. Rer. 117, 714 (1960). Iron, APW.

Segall, B.: Phys. Rev. Letters 7, 154 (1961). Copper, Green's function.

Burdick, G. A.: Phys. Rev. Letters 7, 156 (1961). Copper, APW.

Asdente, M., and J. Friedel: Phys. Rer. 124, 384 (1961); 126, 2262 (1962). Chromium,
tight-binding, 4s omitted.

Knox, R. S., and F. Bassani: Phys. Rev. 124, 652 (1961). Argon. tight-binding and OPW.

Cornwell, J. F.: Phil. Mag. 6, 727 (1961). Noble metals, pseudopotential.

Segsll, B.: Phys. Rev., 125:109 (1962), Copper, Green's function.

Wood, J. H.: Phys. Rer. 126, 517 (1962). Iron, APW.

Asdente, M.: Phys. Rer., 127, 1949 (1962). Chromium, tight-binding.

Altmann, 8. L., and C. J. Bradley: Phys. Letters 1, 336 (1962). Zirconium, cellular.

Cornwell, J. F., and E. P. Wohlfarth: J. Phys. Soc. Japan 17 (suppl. B-1), 32 (1962). Iron.

Glasser, M. L.: Rev. Mez. Fis. 11, 31 (1962). Silver.

Lomer, W. M.: Proc. Phys. Soc. (London) 80, 489 (1962). Chromium, general discussion.

Burdick, G. A.: Phys. Rev. 129, 138 (1963). Copper. APW.
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Yamashita, J., M. Fukuchi, and 8. Wakoh: J. Phys. Soc. Japan 18, 999 (1963). Nickel,

tight-binding and Green's function.

Mattheiss, L. F.: Bull. Am. Phys. Soc., ser. II, 8, 222 (1962). 3d transition elements to
Cu, Zn, APW.

Fowler, W. B.: Phys. Rev. 132, 1594 (1963). Krypton, tight-binding and OPW.

Mattheiss, L. F.: Phys. Rev. 133, A1399 (1964). Argon, APW.

Mattheiss, L. F.: Phys. Rev. 134, A970 (1964). TIron transition series, APW.

Mattheiss, L. F., and R. E. Watson: Phys. Rev. Letlers 13, 526 (1964). Tungsten, spin-
crbit parameters.

Wakoh, S., and J. Yamashita: J. Phys. Soc. Japan 19, 1342 (1964). Nickel, KKR and
APW,

Abate, E., and M. Asdente: Phys. Rev. 140, A1303 (1965). Iron, tight-binding.

Altmann, S. L., and C. J. Bradley: Proc. Phys. Soc. (London) 86, 915 (1965). Hexagonal
metals, cellular.

Dimmock, J. O., A. J. Freeman, and R. E. Watson: J. Appl. Phys. 36, 1142 (1965).
Gadolinium, APW.

Gandelman, G. M.: Zh. Eksperim. 1. Teor. Fiz. 48, 758 (1965). Argon, transition to metal-
lic state under pressure, statistical method.

Harrison, W. A.: Phys. Rev. 139, A179 (1965). Lead, pseudopotential.

Hodges, L., and H. Ehrenreich: Phys. Letters 16, 203 (1965). Ferromagnetic nickel,
pseudopotential.

Katsuki, 8., and M. Tsuji: J. Phys. Soc. Japan 30, 1136 (1965). Cadmium, pseudopotential.

Lomer, W. N.: “Proceedings International Conference on Magnetism,” p. 127, London,
1965. Chromium, magnetic properties.

Loucks, T. L.: Phys. Rev. Letters 14, 693 (1965). Tungsten, APW.

Loucks, T. L.: Phys. Kev. 139, A1181 (1965). Chromium, molybdenum, and tungsten,
APW.

Loucks, T. L.: Phys. Rev. 139, A1333 (1965); 143, 506 (1966). Tungsten, APW.

Mattheiss, L. F.: Phys. Rev. 138, A112 (1965). V;X type compounds, APW.

Mattheiss, L. F.: Phys. Rev. 139, A1893 (1965). Tungsten, APW.

Nagamiya, T., K. Motizuki, and K. Yamasaki: **Proceedings International Conference on
Magnetism,” p. 195, London, 1965. Chromium, spin-density waves.

Wakoh, S.: J. Phys. Soc. Japan 20, 1894 (1965). Copper and nickel, APW and KKR.

Beeby, J. L.: Phys. Rev. 141, 781 (1966). Transition metals, ferromagnetism.

Chatterjee, 8., and S. K. Sen: Proc. Phys. Soc. (London) 87, 779 (1966). Silver, OPW.

Freeman, A. J., J. O. Dimmock, and R. E. Watson: ‘““Quantum Theory of Atoms, Molecules,
and the Solid State,”” Academic Press, Inc., New York, 1966. Rare earths. APW.

Freeman, A. J., A. M. Furdyna, and J. O. Dimmock: J. Appl. Phys. 37, 1256 (1966).
Palladium, APW.

Hermanson, J., and J. C. Phillips: Phys. Rev. 150, 652 (1966). Excitons, pseudopotential.

Hermanson, J.: Phys Rev. 150, 660 (1966). Rare-gas solid. excitons. pseudopotential.

Hodges, L., H. Ehrenreich, and N. D. Lang: Phys. Rer. 152, 505 (1966). Noble and
transition metals, interpolation method.

Keeton, S. C., and T. L. Loucks: Phys. Rev. 146, 429 (1966). Thorium, actinium, and
lutecium, APW. )

Loucks, T. L.: Phys. Rev. 144, 504 (1966). Yttrium, APW. )

Snow, E. C., J. T. Waber, and A. C. Switendick: J. Appl. Phys. 37, 1342 (1966). Nickel,
APW,

Spicer, W. E.: J. Appl. Phys. 37, 947 (1966). Copper, nickel, silver, and iron, density of
states from experiment.

Switendick, A. C.: J. Appl. Phys. 37, 1022 (1966). Chromium, APW.

Williams, R. W., T. L. Loucks, and A. R. Mackintosh: Phys. Rev. Letters 16, 168 (1966).
Rare earth metals, APW and experiment.

Yamashita, J., 8. Wakoh, and S. Asano: “Quantum Theory of Atoms, Molecules, and the
Solid State,” p. 497, Academic Press, Inc., New York, 1966. Iron, nickel, chromium,
CoFe, KKR.

Asdente, M., and M. Delitala: Phys. Rev. 163, 497 (1967). Iron, tight-binding.

Connolly, J. W. D.: Phys. Rev. 159, 415 (1967). Nickel, APW.

Deegan, R. A., and W. D. Twose: Phys. Rev. 164, 993 (1967). Niobium, OPW.

De Cicco, P. D, and A. Kitz: Phys. Rev. 162, 486 (1967). Iron, APW.

Falicov, L. M., and M. J. Zuckermann: Phys. Rev. 160, 372 (1967). Antiferromagnetic
raetals, pseudopotential.

Faulkner, J. 8., H. L. Davis, and H. W. Joy: Phys. Rev. 161, 656 (1967). Copper, KKR.

Heine, V.: Phys. Rev. 153, 673 (1967). Transition metals, pseudopotential.

Loucks, T. L.: Phys. Rev. 1569, 544 (1967). Zirconium, APW.

Mueller, F. M.: Phys. Rev. 163, 659 (1967). Noble metals, interpolation method.
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Mueller, F. M., and J. C. Phillips: Phys. Rer. 157, 600 (1967). Copper, interpolation
method.

Snow, E. C.. and J. T. Waber: Phys. Recrv. 167, 570 (1967). Copper, APW.

Sokoloff, J. B.: Phys. Rev. 161, 540 (1967).  Magnetic impurities in copper.

Stark, R. W, and L. M. Falicos: Phys. Rer. Letters 19, 795 (1967). Zinc and cadmium,
pseudopotential.

Tsui, D. C.: Phys. Rer. 164, 669 (1967). Nickel, comparison with experiment.

9c-11. Graphite

Wallace. P. R.: Phys. Rev. T1, 622 (1947): 72, 258 (1947). Tight-binding.

Coulson, C. A.: Nature 159, 265 (1947). Tight-binding.

Coulson, C. A., and R. Taylor: Proc. Phys. Soc. (London), ser. A, 65, 815 (1952). Tight-
binding.

" Carter, J. L., and J. A. Krumhansl: J. Chem. Phys. 21, 2238 (1953). Tight-binding.

Ariyama, K., and S. Mase: Progr. Theoret. Phys. 13, 244 (1954). Tight-blnding.

Lomer, W. M.: Proc. Roy. Soc. (London), ser, A, 237, 330 (1955). Tight-binding.

Johnston, D. F.: Proc. Roy. Soc. (London), ser. A., 227, 349 (1955); 237, 48 (1956). Tight-
binding.

McClure, J. W.: Phys. Rev. 108, 612 (1957). k- p.

Yamazaki, M.: J. Chem. Phys. 26, 930 (1957). Tight-binding.

Corbato, F.: “Proceedings 1957 Carbon Conference,” p. 173, Pergamon Press, New York.
Tight-binding.

Slonczewski, J. C.. and P. R. Weiss: Phys. Rer. 109, 272 (1958). k- p.

Haering, R. R.: Can. J. Phys. 36, 352 (1958). Tight-binding.

Mase, 8.: J. Phys. Soc. Japan 13, 563 (1958). Tight-binding.

Peacock, T. E., and R. McWeeny: Proc. Phys. Soc. (London) 74, 385 (1959). Tight-
binding.

Barriol, J.: J. Chim. Phys. 57, 837 (1960); J. Barriol and J. Metzger, J. Chim. Phys. 57,
848 (1960). Tight-binding.

Anno, T., and C. A. Coulson: Proc. Roy. Soc. (London), ser. A, 264, 165 (1961). Tight-
binding (semiempirical).

Dresselhaus, G., and M. S. Dresselhaus: Phys. Rev. 140, A401 (1965). Graphite, spin-
orbit interaction, perturbation method.

Linderberg, J.: Arkir Fysik 30, 557 (1965). Graphite.

9c-12. Elements with Other Crystal Structures

Jones, H.: Proc. Roy. Soc. (London). ser. A, 147, 396 (1934). Bismuth, nearly free electrons.

Morita, A.: Sci. Rept. Tohoku Unirx. 33, 144 (1949). Bismuth, tight-binding.

Reitz, J. R.: Phys. Rer. 105, 1233 (1957). Selenium, tellurium, tight-binding.

Gaspar, R.: Acta Phys. Hung. 7, 289 (1957). Selenium and tellurium, tight-binding.

Ridley, E. C.: Proc. Ruy. Soc. (London), ser. A, 247, 199 (1958). TUranium, cellular.

Mase, 3.: J. Phys. Soc. Japan 13, 434 (1958); 14, 584 (1959). Bismuth, tight-binding.

de Carvalho, A. P.: Compt. Rend. 248, 778 (1959). Tellurium, tight-binding.

Harrison, W. A.: J. Phys. Chem. Solids 17, 171 (1960). Bismuth, pseudopotential.

Miasek, M.: Buil. Acad. Polon. Sci., Ser. Sci. Math. Astron. Phys. 8, 9 (1960). White
tin, OPW. .

Bergsc~, G.: Arkir Kemi, 16, 315 (1960). Sulfur, tight-binding.

Behrens, E.: Z. Physik, 161, 279 (1961). Bismuth, tight-binding.

Behrens, E.: Z. Physik, 163, 140 (1961). Selenium, tight-binding.

Miasek. M.: Phys. Rer. 130, 11 (1963). White tin, OPW.

Wood, J. H.: Bull. Am. Phys. Soc., ser. I1, 8, 222 (1963). Gallium, APW.

Golin, 3.: Phys. Rer. 140, A993 (1965). Arsenic, OPW.

Beissner, R. E.: Phys. Rev. 148, 479 (1966), Tellurium, pseudopotential.

Falicov, L. M., and P. J. Lin: Phys. Rev. 141, 562 (1966). Antimony, pseudopotential.

Lin, P. J., and J. C. Phillips: Phys. Rev. 147, 469 (1966). Antimony, pseudopotential.

9c-13. Compounds, Other Than 3-§

Jones, H.: Proc. Roy. Soc. (London), ser. A, 144, 225 (1934). Alloys, vY-phase, nearly free
electrons.

Slater, J. C., and W. Shockley: Phys. Rev. 50, 705 (1936). Sodium chloride, general
discussion.

Shockley, W.: Phys. Rev. 50, 754 (1936). Sodium chloride, cellular.

Ewing, D. H., and F. Seitz: Phys. Rev. 60, 760 (1936). LiF and LiH, cellular.

Tibbs, S. R.: Trans. Faraday Soc. 335, 1471 (1939). Sodium chloride, cellular.
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Morita, A., and C. Horie: Sci. Rept. Tohoky Unie. 36, 259 (1952). Barium oxide, tight-
binding.

Bell, D. G., D. M. Hum, L. Pincherle, D. W. Sciama, and P. M. Woodward: Proc. Roy.
Soc. (London), ser. A, 217, 71 (1953). PbS, cellular.

Casella, R. C.: Phys. Rev. 104, 1260 (1956). Sodium chloride, tight-binding.

Yamazaki, M.: J. Chem. Phys. 27, 746 (1857). Boron carbide, tight-binding.

Kucher, T. I.: Zh. cksperim. i Tcor. Fiz., 34:394 (1958); 35:1049 (1958). NaCl, tight-
binding.

Birman, J. L.: Phys. Rev. 109, 810 (1958). ZnS, cellular.

Shakin, C., and J. Birman: Phys. Rez. 109, 818 (1958). 2ZnS, cellular.

Howland, L. P.: Phys. Rer. 109, 1927 (1958). Potassium chloride, tight-binding.

Tolpygo, K. B., and O. F. Tomasevich: Ukr. Fiz. Zh. 3, 145 (1958). Sodium chloride,
tight-binding.

Birman, J. L.: Phys. Rev. 115, 1493 (1939). ZnS, tight-binding.

Birman, J. L.: J. Phys. Chem. Solids 8, 35 (1959). ZnS, general discussion.

O'Sullivan, W.: J. Chem. Phys. 30, 379 (1959). BeO, tight-binding.

Kudinov, E. K.: Fiz. Tverd. Tela 1, 1851 (1959). Bi:Te;, tight-binding.

Flodmark, S.: Arkiv Fiz. 14, 513 (1939); 18, 49 (1960). Type B\, tight-binding.

Balkanski, M., and J. des Cloizeaux: J. Phys. Radium 21, 825 (1960); Abhandl. Deut.
Akad. Wiss. Berlin, Kl. Math. Phys. Tech. 76 (1960). CdS, spin-orbit interaction.

Kucher, T. I., and K. B. Tolpygo: Fiz. Tverd. Tela 2, 2301 (1960). Sodium chloride,
tight-binding.

Tolpygo, K. B., and O. F. Tomasevich: Fiz. Tverd. Tela 2, 3110 (1960). Sodium chloride,
tight-binding.

Kudinov, E. K.: Fiz. Tverd. Tela 3, 317 (1961). Bi.Te;, tight-hinding.

Zhilich, A. G., and V. P. Makarov: Fiz. Trerd. Tela, 3:585 (1961). Cuprous oxide, Green's
function.

Wood, V. E., and J. R. Reitz: /. Phys. Chem. Solids 23, 229 (1962). Cesium gold, cellular.

Sashimzade, F. M., and V. E. Khartsiev: Friz. Tverd. Tela 4, 434 (1962). Sn3-type com-
pounds, OPW,

Evseev, Z. Ya., and K. B. Tolpygo: Fiz. Tverd. Tela 4, 3644 (1962). Sodium chloride,
tight-binding.

Johnson, L. E., J. B. Conklin, and G. W. Pratt, Jr.: Phys. Rer. Letters 11, 538 (1963).
PbTe, relativistic APW.

Evseev, Z. Ya.: Fiz. Tverd. Tela 5, 2345 (1963). Sodium chloride, tight-binding.

Lee, P. M., and L. Pincherle: Proc. Phys. Soc. (London) 81, 461 (1963). Bismuth telluride,
APW,

WYamashita, J.: J. Phys. Soc. Japan 18, 1010 (1963). TiO and NiO. Tight-binding.

Mackintosh, A. R.: J. Chem. Phys., 38, 1991 (1963). Tungsten bronzes.

Beleznay, F., and G. Biczo: J. Chem. Phys. 41, 2351 (1964). DNA, Hickel approximation.

Harman, T. C., et al.: Solid State Commun. 3, 305 (1964). HgTe and HgTe-CdTe alloys.

Kahn, A. H., and A. J. Leyendecker: Phys. Rev. 135, A1321 (1964). Strontium titanate,
tight binding.

Kahn, A. H., H. P. R. Frederikse, and J. H. Becker: From “Transition Metal Compounds.”’
P. 53, Gordon and Breach, Science Publishers, Inc., New York, 1964. SrTiO; and TiO..

Ladik, J., and K. Appel: J. Chem. Phys. 40, 2470 (1964). Polynucleotides, Hiickel approx-
imation.

Pratt, G. W., Jr,, and L. G. Ferreira: “Proceedings Internal Conference on Physics of
Semiconductors,” M. Hulin, ed., Dunod, Paris, 1964. PbTe, k - p method.

Sandrock, R., and J. Treusch: Z. Naturforsch. 19a, 844 (1964). Chalcopyrite structure,
k-p.

Conklin, J. B., Jr., L. E. Johnson, and G. W. Pratt, Jr.: Phys. Rev. 137, A1282 (1965).
PbTe, relativistic APW. :

Ern, V, and A. C. Switendick: Phys. Rer. 137, A1927 (1965). TiC, TiN, Ti0O, APW.

Frei, V., and B. Velicky: Czech. J. Phys. B1S5, 43 (1965). CdSb, symmetry and pseudo-
potential.

Ciorzkowski, W.: Phys. Stat. Solidi 11, K131 (1965). HgTe, k - p.

Hassan, S. S. A. Z.: Proc. Phys. Soc. (London) 85, 783 (1965). Sodium-chloride type,
plane-wave approximation.

Johnson, K. H., and H. Amar: Phys. Rex. 139, A760 (1963). Ordered beta brass, KKR.

Ladik, J., and G. Biczo: J. Chem. Phys. 42, 1658 (1965). DNA., Hickel approximation.

Miyakawa, T., and S. Oyama: Mem. Defense Acad. Japan 6, 161 (1963). NaCl-type
crystal, plane wave method.

Scop, P. M.: Phys. Reo. 139, A934 (1965). AgCl. AgBr, APW.

Amar, H.,, K. H. Johnson, and K. P. Wang: Phys. Rev. 148, 672 (1966). Beta-phuase
alloys, KKR.
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Dsahl, J. P., and A. C. Switendick: Phys. Chem. Solids 27, 931 (1966). Cuprous oxide,
APW. .

Onoders, Y., M. Okazaki, and T. Inui: J. Phys Soc. Japan 21, 1816 (1966). Potassium
iodidz, relativistic Green’s function.

Oyama, 8., and T. Miyakawa: J. Phys. Soc. Japan 21, 868 (1966). KCl1, plane wave
method. - :

Yamashita, J., S. Wakoh, and S. Asano: J. Phys. Sec. Japan 21, 53 (1966) CoFe super-
lattice, KKR. :

Amar, H., K. H. Johnson, and C. B. Sommers: Phys. Res. 163, 655 (1967). Beta-brass,
KXR. .

Arlinghaus, F. J.: Phys. Rev. 157, 491 (1967). Beta-brass, APW.

Bergstresser, T. K., and M. L. Cohen: Phys. Rer. 164, 1069 (1967) CdSe, CdS, and ZnS
pseudopotential.

- Cho, S. J.: Phys. Rer. 157, 632 (1967). EuS, APW.

De Cicco, P. D.: Phys. Rev. 153, 931 (1967). KCl, APW.

Eckelt, P., O. Madelung, and J. Treusch: Phys. Rev. Letters 18, 656 (1967). ZnS, KKR.

Euwema, R. N., T. C. Collins, D. G. Shankland, and J. S. De Witt: Phys. Rev. 162, 710
(1967). CdS, OPW.

Gray, D., and E. Brown: Phys. Rer. 16 , 567 (1967). CujAu, OPW,

Kunz, A. B.: Phys. Rev. 169, 738 (1967 . Alkali halides, spin-orb t effects.



