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TABLE IV. Transition matrix elements in (Ry) 
for selected transitions. 

~:ln;ition' L2'-.L1 L1d-. Lt' Ll-.L2' X 5 -.X/ 

~/'II .. , 3.17 0.533 0.D15 0.250 

=-Olatrix ~lements are calculated using the eigenvalues given in 
t~.Ti~· [F. M. Mueller (private communication)]. . 

11. From the experimental E2 we :stimate a t?tal 
tribution of about 30%, extrapolatmg the contnbu-

~: of the background below 4.1 eV to about 4.65 eV. 
7::e high percentage of L 2' -7 LI transitions as calcu
<txl from theory is consistent with the pronounced 

, Ire in the e:X"Perimental EZ and with the large W 44 as 
';'11. This leads agaui to the conclusion that the ob
,:\'cd structure in EZ and tlE2 at 4.3 eV is caused by the 
: 5 ~ L1 transition. . 

Another striking feature of the functions W ij IS the 
15tly different magnitude of. W 44 and TVIl - ~¥1.2' ~he 

-:aximum tlE2 observed for tngonal shear stram IS nme 
':rncs the corresponding value for tetragonal shear 
<rain (the amount of the strain being the same). This is 
,Jrtly due to the differeilt degree of local~ation in.k 
",1ce discussed above and partly to the dlfference ill 

~c oscillator strength (Table IV). The small oscillator 
:rcngth for X 5 -7 X 4' as compared with the one for 

:. :' -. LI suggests that there is no pronounced structure 
EZ around 4.0 eV, and indeed the el>"Perimental curve 

i nearly flat in this region. However, we believe to have 
'r:;olved a tiny hump in our room-temperature measure
-.ents of E2, as shown in Fig. 12. The reflectance at 
:'luid He temperaturesao shows a well-resolved structure 
.t about the same energy. The transition does show up 
.!carlyas a minimum in TV u- TV 12 at room temperature. 

The hydrostatic change (Wu +2W12) and the change 
':i th trigonal shear strain (W 44) have the same shape 
":tween 4 and 4.5 eV. The position of the maximum is 
i.3 eV in both cases. This suggests that both effects 
.re due to the FS -7 LI tra.nsition. The two functions 
~uTer between 4.5 and 5 eV, where W ll+2W12 exhibits 

1:\ additional shoulder around 4.8 eV, whereas W 44 

:pproaches zero rapidly. This behavior can be ex
:.\ained assunling transitions from the bottom of the d 
',ands to the FS. As in the case of the 2.1-eV edge (where 
'he top of the d bands provides the initial states), these 
:ransitions originate from general points of the BZ. 
rh is explains the lack of response to shear strain. The 
. ransitions will of course change under hydrostatic 
. rain. The situation is equivalent to the one at the 
!: l·eV edge, where only hydrostatic strain produces a 
<:; nificant change in E2. 

Experimental Deformation Potentials 

The assignment of the structure observed in W ii 

.Inc.l E2 has been established in the preceding sections. 
rhis information can be used to calculate the deforma· --10 M. A. Biondi and J. A. Rayne, Phys. Rev. 115, 1522 (1959), 
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FIG. 12. A blow·up of the imaginary part of the ?ielectric 
constant of Cu at room temperature around 4 eV, showmg weak 
structure slightly below 4 eV. The slope of the edge at 4.3 eV 
and the slope of the background which wer~ ~sed to calc.ulate the 
deformation potentials of the EF --> L1 transition are also mcluded. 

tion potentials of the corresponding transitions from 
the experiments, i.e., the difference in the deformation 
potentials of the final and the initial state. Additional 
knowledge is required to do so, namely, the slope 
dE2/d(hw) of that part of E2 which is responsible for 
the observed structure in W ij and the selection rules 
(required for the shear-strain coefficients only). Further
more, it must be possible to separate that part of W ii 
which is due to a change of the energy levels from the 
ones due to modifications of the transition matrix ele
ments M and of the density of states 1. 

The slope of the edge at 2.1 eV is large; modifications 
due to a background of transitions other than Lau -7 FS 
(e.g., free carrier absorption) will be small. The selection 
rules are not needed because only hydrostatic strain 
produces a pronounced change in E2. The changes in M 
and 1 produced by a hydrostatic strain will be much 
smaller than the ones produced by shear strain, in 
which case they are required by symmetry.7 Only 
W ll+2W12 is large at this edge, which shows that 
changes of M and J contribute very little to Wll+2W12• 

The deformation potential will be given quite ac
curately by the maximum value of W ll+2W12 and 
by the uncorrected slope of E2. 

As discussed above, the 2.1-eV edge is due to non
localized transitions; the transitions with lowest energy 
have k vectors terminating just outside the neck, but at 
slightly higher energies transitions with k vectors 
located in other parts of the BZ will contribute: The 
deformation potential determined from the energy 
shift of the edge will be an average over the deforma
tion potentials of all transitions which contribute. 
However, the top of the d bands is rather flat, particu
larly the portion La"-Q+, and it will remain flat if 
the volume of the crystal is changed. Thus the deforma
tion potentials of transitions contributing to the edge 
differ only slightly from each other. We therefore no 


