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Tn.is contract Concerned itself with two major topics:

Nonlinear Interaction of Light with Matter

2 Laser Operation and Design

BRIEF SUMMARY

1.1 ~oric on nonlinear inte raction of light with anti—
ferromagneti c materials, and thermoelastic materials byff —
kio is descri bed in more de tail be low ,

1.2 The Dirac Theory of Poisson brackets usually used to handle
the cons traint pro blem in electrodynamics has been a pplied
oy C. Valenti to handle magnetic ma te rials w)~~se magne ti za-
tion vector has a fixed length.

1 .3 A microscopic approach toward nonlinear opti cs has been
started, by C. ~Luang. k~is work re po rted he re , provides a
localized orbital estima te for nonlinear opti ca l cons tants.

2.1 Tne paraxia]. wave optics 1 me thod with intens ity and slope as
the key variables avoids the ra pid phase fluctuations tha t
occur whe n field amplitudes are used as variables, A pro—
g ram to use equations for these variables to descri be an
unstable resonator with rec tangular mi r rors is being wri tten
in co].labo r tton with Professor W , M. Louise].l of the
University of Sou thern California .

2.2 The spa ti al di stribution of the tempe ra tu re rise in a solid
~.nduced by a Gaussian laser beam of width w and powe r P is
expressed as a one dimens iona l integral. The maximu m tem-
perature rise is g iven by the closed fo rm expression

T -~~~~~~— 1- - N Wmax 2Kw

where K is the thermal conductivity , N (W) is a reduction
factor (( 1) that depends on

= aw ( power attenuation constant) (be am width)
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= (beam width)/(attenuation length).

The closed form expression for the rectiction factor is

N (w) = w D(~ W) — e Ei(~ w
2)

2 \ in

wnere

00 L
D ( x )  exp (— x 2 ) J~ 

exp t2 dt
0

and

0o~~Ei(x) = 

p 
J~ ~~~~ 

dt
-00

the tabulated functions2 , Dawson ’s integral and the exponen-
tial integral respectively. A plot OF N (W) is given in Fig.
1.

As an example, a 5~ beam with an attenuation length 1/cr :in GaAs has W = 5, N = .830 and a maxirmam temperature rise of
(124) (.83) = 1030K.

~~~ctrodynamics in The rmoelastic Di~~~ ctrics

An ab initi o long wavelength Lag rangian theory of electro-
dynamics of the rmoalasti c dielectrics was developed. It ’s pu r—
pose ~s to extend the Lag rangian method develope d by Lax and Ne l-
son • p 6 

~~ include thermal effects. In general, this is the
treatment of the interactions of electromagnetic fields, acoustic
wave s anu heat conduction with dissipation in di electrics.

Our approach is to cons truct a Lagrang ia n density which con-
sists of the field Lagra ngian , the interaction Lagrangian and the
matter Lagrangian . The matter Lagrang ian is equal to the kine ti c
ene rgy less the internal energy U which c~~es not arise from cla s-
s ical electromagnetic fo rces. The interna l energy is a func tion
of the finite strain tensor , body components of the e~~~itaUon
fields aria the entropy dens ity S . The absolute temperature T is
defined by T bU/b~~, aria in gene ra l is a function of the posi-
tion vectors . The frde  energ y density F is then defined by
F ~ U — TS , so F is a function of the f ini te strain tensor , body
components of the excitation fields and the absolu te tempe ra tu re ,
By the definition of the fre e energy, we ha ve the relations:

(~~ Z _ ) _ ( ~~~ ) (bU ) ( ~~ FS - T ‘ S — T
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(1)
B

where ~ are the com ponents of f inite strain tensor and y~ are
coInpor*a*~ts of internal exc ita tion fields. Therefore , the ~tress
tensor aria the thermal expans ion forc e acting on the pa rticles
can be derived trom the f r ee energy F. As far  as the i rrevers i-
ble processes are conc er ned, there is a fri cti on fo rce which can
not arise frqm the potential energy. A di ssipation function D
can oe der ined~ I d by the ra te change of the internal ent ropy pro—
auction. Tr~ dissipation function D is a function of the rate
change or deformation , the rate Change of body com ponents of the
excitation fields aria the temperature gradi ent . All equations of
motions for the fields and matte r with tha r9l. effects arid the
consti tu tive equation of Du hamel—Ne umann Law can be derived f rom
tr~ Lag rangian and the dissipation function without a phe riomeno—
logical fo rm ulation . The cons erva tion laws of momentum , angular
mom entum aria energy are automa ti cally s~ tisfled f rom the field
equations aria the invariance properties of the free ene rgy F arid
tne dissipation function D. The equation of heat conduction cou —
pled with deformation and excitation fields is also discussed.
In further work we will specialize to linear thermolasticity and
piezoelectricity aria intend to apply these results to ferromag—
netics , antiferrom agne tics and liquid crysta ls.

Pnoton—~Iacrnon Inte raction in Anisotropic Magj~~tic Cry sta ls

Tne coupling between photons arid magnoris in anisotropi c fer—
romagnets aria antiferromagnets has been studied. By solvi ng the
equations of majn e tic field H f rom Ma xwell’s equations a rid of
magnetization H under the effects  of cons tant and rf fields , we
shall be able to obtain the dispers ion rela tion of th. cou pled
sys tem in anisotropic crystals. When the prope r bounaa ry condi-
tions are a pplied , we can obtain the coefficients of reflectivi ty
arid transmissivi ty. Both coefficients de pend on the exte rnal
static magnetic field ki n and the thickness of the f i lm , The poe—
d ole application of uking a th in—fi lm anti ferromagnetic crysta l
as an optical device to obtain pu re circularly polari zed radi i—
tioni o bVi transmission has been discussed be fo re by Zuniga and

The Green’s function method deve lope d cy Lax and Nel-
son ‘ was a ppli ed to solve the magnetic field equation in
anisotropic crystals.  The resul ts were used to obtain the

• aosorL,tion or scattering power which can be applied to stu dy the
spi n resonance spectra in anisotropic ferromagne ts arid antifer—
romagnets .

Our treatment starts from the coupled equations :

~~~j~~ • j ~ ~~~~~~~~~ ( 2 )
• K2 —
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= •i• j;~
j 

~ + ~~ + (3)

where is the e f fective crysta l field and T is the gyromag—
netic ratio, The abbreviated notations K = —iv and w = ib/bt are
used to get Bq. (2 ) .  T~a magnetizatiOn can be solved in terms of
the magnetic field, H = ~~ 

• H, using Eq. (3), where ~ is the
magnetic susceptibility tenser which is a function of ir~ quency,
constant magne tic field U and anisotropy field of the crystal.
14 can be substituted into E~ . (2 )  to obtain the dispers ion rela-
tion or photon—magnon interaction. If we are looki ng for the
scattering power , ~q. (2 )  can be rewri tten as

~,w) = j~jNL(
.
~,~~) (

~
)

(~~) 2 
~ 

K2 1 — 

~ 
— 

~~~~~ 
(5)

where ,~ç (~
) is the frequency de pendent magnetic permeability ten—

sor M~ (r,w) is the nonlinear par~3of the magneti zation. Eq. (4 )
has the Green’s function solution

= — ?) ‘ jNLG~~) d~ ’ e tWt 
, ( 6 )

where

= S ~~ 2_(ik ~ ~
) 

(7)

When the magnetic field in Eq. ( 7 )  has been so lved, it is easy to
calcula te the electric field and the scattering power in terms of
the magnetic permeability tensors .

Tnese results obtained ha re will be applied to the ferromag-
netic aria antiferromagn.tic crystals with uniaxial arid biaxial
structures. In further  worK , the photons , magnons and photons
interaction in anisotropic magneti c crystals will be studied , and
tne interaction of magnons with electric field wil l  also be con—
sidered.

________  ~~ Di rac CQnBtraifl~ ~~~~~~ ~9 M~~netiSrn

• In working out a consistent macroscopic Lagrangian theory of
linear and nonlinear electrodynamics for an artisotropic magnetic
dielectric possessing acoustic, ionic, electronic and spin exci-
ta tions , it is necessary to identify the classical coordinates
corresponding to the spi n deg rees of freedom . Thi s identifica-
tion is needed in order to obtain the Euler—Lag range equation
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relating to the spin motion, and so that a complete canonical
stress tensor containing the spin contributions may be derived.

A classical Lagrangian and Hamiltonian theory of a rigid
magnetic Continuum , easily generalized to the elastic case, has
been rormulated which indicates that the choice of -the magne ti za—
tion ii~(~,t) and its time rate of change ~~(z ,t) as gene ra lized
coordinates aria velocities corresponding to the spin deg rees of

• rreedom, is a proper one. This calculation also arouses interest
in that Dirac’s generalized dynamics, hitherto used in connection
with quantum electrodynamics and quantum field theories, f inds an
application in the physics of the continuum solid.

Secona Order Q~t~C~ 1 Suscepti bi li ties of j~ — V Compounds

The lonj wave length second order optical susceptibilities
of tetrahedrally bonded materi~ ls can be calculated within the
context of the bond orbital model , which is an empirical tight
oinding model. ~y the syninetry of the zinc bleride structure, the
only nonvanishii~~~components of the second order optical suscep—
tiøilities is x 2~ .

3
The electrons will gain a potential energ y U = e Ei Xj

per bond when an external electric field ~ is apo~~~ d to the
4 solid , where x 4 is the coordinate measured from the center of the

bonn and is aldng the thre e cubic edges. The g round sta te energy
of one bond can be expa nde d as

= ~(o) + B~ 1) + E~ 2) + E~~~
) + ... . (a)

e~ach expanding terms can be expressed by the usual pe rtu rbation
theory as

£ (1) 
= 

~~ < G~X~ jG > = e Ei ~ i (9)

• 2 , <G~X~jM> <M~X 41 G>
= — e E~ 

— 

10) (o~ 
(10)

i ,j  M B14 ~~EG

(3) 3 (G
~XiU~><L Ix i — 

X j~ M>< M~X kj~G>
I ~

• j  
~ 

k~)( 
( (0) — (0)) ( (0) 

— (0)) 
• ( i i )

where the summations of L and M are over all the exciting states.
Comparing the abo ve equations with the total mac roscopic a lec—

• trostattc energy :
- • 

= N~0 = N4°
) — 

~ 
— 

~~~ 
~~~~~~~~~~~~ E~ — 

~ i,~~,k 
X j , j , k Ej E

J
EK ...
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(12)

one obtains the linear susceptibility,

,41) = ~ N~e~
2 

~~ 
~ 1I~~~ , (13)

and

< G I X L><L X 1 — X M><MIX IG >
~2)  I Kit — ~~~~1 1 14X ijK = 

~~~~ 
~ 1e 1 

~~~ 
M ,-~(o) — (o)~ ~ 

(o) ~(o)
~~‘ ‘~ L 

EG ~ ~~~ 
&
~G ~

where N is the number of bonds in uni t volume and ~ is along the
body diagonal direction of the unit  cube .

~n t~~~is of the parameters defined in the bond—orbital
model , x12~ can be simply expressed a~

~~~~ = ~~~ te~ x~
1
~ d y / B2 ~ ( 1 5)

where 
~ 2 is the principal optical absorption peak , d is the bond

length, z is the polarity of the bond and T is a f i t t ing pa rame —
tsr for e~ ch row of the Periodic table.

In table I , the values of ~~~~ for  all the III — V com pound s
evaluated hare are liste d in co lumn I, For comparison the va lues
obtained from the di electric model of T. C. Phi llips and J. A ,
Va n Vechten are listed in column II, the values of D, A. Kleinman
using the same mode l are listed in column III, In co lumn IV and
V are the va lues obtained by the bond cha rge mode l of B. F.
Levine aria the experimental results. Due t9 ~he uncertainties in
the measurement of the absolute values of ~~~~ experimentally the
relative values or the trends may be more lmpo rtant in these
Kind s of s imple ~alculations . The correct trends are obtained
here com paring with the experiment as wall as the pre vious
authors, However , in the method descri bed he re , the re are no
addi tiona l parameters othe r than those determined in the bond
orb tal model.
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Table I. (In units of 10~~ e.s u )
• 

— - 

~38 10
0

~As 0

3 7 3

Al As 428 1 420
Ai. So 833 1110

Ga P 524 850 750 260 198
Ga As 716 1220 1 080 460 430
Ga Sb 1160 2350 1930 1 040 1300

In? 768 1060
In As 1 080 1570 171 0 820 860
In SD 1800 2820 2860 1780 1740

PV : J. C. Phillips & J. A. Van Vechte n , Phys Rev. j
~~, 

709
(196~),

~( : D.~~A. k(leinman , Phys. Rev. B 2~ 3139 ( 1970) .

: B. F. Levine , Phys. Rev . B j , 2600 (1973).

£xp : See also references In L,
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FIGURE CAPTION

Fig. 1 The normalized tempe rature rise N (o,o,w) at the
surface (z = 0) and beam c~~ter (r = o) for a laser
beam of sha pe ex p ( — r ’/w” which attenuates as
exp (—~zz) plotted versus W = aw. The normalization

4 is such that N( o~ ) = 1 , tha t is , N ( W )  is the
ra tio in tempe ra tu re  rise wh e n  the heat is de po—
sited in the finite attenuation length 1/a to the
rise that would be produced if the same heat were
absorbe d in an in f in i tesimal layer at  the surface.
Tt~e upper (solid) curve corresponds to the horizon—
tel scale shown, The lower (dashed) curve is the
upper curve replotted with the horizo ntal scale
expanded by a factor of 5 to facilitate reading
points in the small W region.
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