3 ANHARMONIC INTERACTIONS IN ALUMINUM. II

try can be ascribed to the decay process w(4,)

- 2w(Ag). As the temperature is raised, the asym-
metry becomes more pronounced, until at the
highest temperature (880 K) a shallow valley devel-
ops between the main resonance maximum and a
subsidiary maximum on the high-frequency shoul-
der. At high temperatures, where three-phonon
scattering processes become important, the struc-
ture of the spectral function depends critically on
the detailed frequency dependence of A and I'. In-
deed, the minimum of the valley can be shown to
correspond to a region in frequency space where
I'(w) exhibits a maximum. We have, in fact, in
this region I'(w)> I(w)~ 0 and A(w)~0 so that
ImG(w)~1/T'(w) and the spectral function directly
mirrors the w dependence of I'. This type of
structure is illustrated even more vividly in Fig.
3(c) for the longitudinal (0. 15, 0. 15, 0. 15) mode.

In this case the resonance is perfectly Lorentzian
at room temperature but develops significant struc-
ture at higher temperatures, this structure being
characterized by twin peaks separated by a deep
minimum. Here again the minimum corresponds
to a maximum in I'(w). A further interesting fea-
ture of the (0. 15, 0. 15, 0. 15) structure is the fact
that between 700 and 880 K the maximum of the res-
onance shifts from the left-hand peak to the right-
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hand peak; this effect becomes even more pro-
nounced for 7> 880 K. The same effect can be seen
in the frequency plot of the (0. 9, 0, 0) phonon, What
was merely a shoulder on the low-frequency side of
the resonance at 700 K becomes the actual maxi-
mum at 880 K. Two other representative phonons,
the (0. 5, 0. 5, 0. 5) and (0. 5, 0. 5, 0) longitudinal
modes, exhibit broad shoulders on the high-frequen-
cy side.

For the phonons displayed in Figs. 3(a)-3(c), the
accuracy with which the approximations of Eq. (2)
predict the true position of the resonance maxima
and the true half-width becomes increasingly poor
as the temperature is raised. It is clear that as the
structure of the resonance becomes more complex
it becomes increasingly more difficult to unambig-
uously define the true half-width; this is especially
true if the resonance develops a prominent shoulder
at about half-maximum. Furthermore, the identi-
fication of the renormalized phonon frequency is not
itself unambiguous, especially if the true maximum
of the resonance shifts discontinuously as for the
(0.9, 0, 0) and (0. 15, 0. 15, 0. 15) phonons.
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The calculation presented in an earlier paper is refined to include closed-form solu-
tions for integrals of the exponential integral that were treated numerically in the original
work. This allows us to demonstrate the equivalence of our results to those of Many and
Rakavy for the limiting case of direct electrode contact to the photoconductor (no dielectric

present).

In a recent paper! we presented the theory for
transient space-charge-limited currents in photo-
conductor-dielectric structures. The structure
was characterized by a parameter a which depended
upon the relative thicknesses and dielectric constants
of the two regions. It was shown that in one special
limiting case (@ =1) our general theory reproduced
the results for the direct contact (no dielectric)

configuration discussed by Many and Rakavy.? The
equivalence of the two treatments was completely
demonstrated, with the exception (as noted in Ref.
1) of the flow-line equation in zone II [Eq. (83.45)

of Ref. 1]and consequently the equation [Eq. (3.46)
of Ref.1] which determined £,, the time at which
zone II ends. In our paper! we were unable to show
the mathematical equivalence of these equations and
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the corresponding expression in Ref. 2 [Eq. (39)],
primarily because of our unawareness of closed
forms for various integrals of the exponential in-
tegral. However, through computation it was dem-
onstrated that the two analyses did in fact give
identical numerical results. It has recently been
brought to our attention that the required integrals
have been solved.® Therefore we carry out further
reduction of Egs. (8. 45) and (3. 46) of Ref. 1 and
show that these newly obtained results do in fact
reproduce the expressions obtained by Many and
Rakavy® upon setting a=1.

In our earlier work®! we had used a somewhat un-
conventional definition of the exponential integral,
namely, E ()= [ (e%*/z)dz, u+0. Since in this
problem the lower limit on the integral is always
negative, we adopt a more standard notation and
define the exponential integral® through the relation

Ei(u)=—f°° e” dz, u>0, 1)

z
u

where the integration symbol f denotes a Cauchy
principal value. In this notation, Eq. (3.45) of
Ref. 1 becomes

x@B) =1+ u (Ep(d*, 0*) - a—}?) ¢

+ %’- [ln (m)

-A
+%1—— (=@, t1)+(t-t1)Ei(A)]],

hitst,  (2)

where A= (e®/2-1)1>0,

t © et
= (t, ti)Ef dt’J( —dz, (3)
ty In(t’/ty)-A Z

and other quantites have been defined previously. !
Recall that for the physical problem considered
[in(¢’/t)) - A]<0. The principal object of the pres-

ent note is to complete integral (3) in a closed form.
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Integral (3) can be completed by setting
[in('/t;) =A]=-u (u>0). One obtains
Z(t: tl)

fA-ln(t /ty)

4
=tet | 0 e"‘E;(u)du—f0 e™E;(u)du) .

These integrals can be completed by using the re-
lation?

foc e E,u)du=y +In(c) - e E,(c),
where v is Euler’s constant and ¢ >0. The result
is

Z(ty tI) = tl eA In (é_‘_};ﬁézﬁ_)

- tE,(A —1n~::>'l‘1Ei(A) L@

Substituting this in (2) and simplifying, a closed-
form expression for the flow lines results and is

= + o= 2V 2Lt 4
x(t)—l+u<EP(d,0) L)t +<a i é

x[E,(A)-E,(A-%)}, t<tst,. (5)

The equation governing £, is obtained by setting
t=ty, x(ty)=1, E,(d*, 0')=0in (5). One gets

(?tf e'A> [Ei(A) - E,.(A -—1n-?: ﬂ -3 atij—- =0.
(8)

This is the closed-form analog of Eq. (3.46) of
Ref. 1. It is now evident that upon setting a =1,
Eqgs. (5)and (6) reproduce the corresponding ex-
pressions of Many and Rakavy.

We wish to thank Dr. P. H. Fang for bringing
Ref. 3 to our attention.
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