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1. Introduction 

The basic assumption of any band structure calculation of 
electronic states in crystals is the existence of an ideal long-range 

. order because of the convenience of Bloch's.Theorem. It is however 
well-known that the.· density of states is dominated by short-range . 

. ·order; only the fine structure depends on the type and degree of long
range order. An interesting example for this statement is the existence 
of amorphous covalent semiconductors like Si and · Ge In these 
materials the short-range order is ·.similar to that found in the 
perfect' crystal. Each atom is tetrahedrally coordinated with its 
four nearest neighbours. Small distortions of bound lengths and 
angles from the ideal values produce a structure· without any long
range order. li- 31 Nevertheless. recent experiments 1.4- 91 indicate 
the existence of a pseudogap - a range of energy where the density 
of states is small if not zero - which is similar to the gap in the 
crystalline state. The basic, problem which must be solved by a micro-

: scopic theory of amorphous rna terials is the understanding of the. role 
of short-range order in producing an, enerR:y gap. · 
. Investigations by FlE>tsrher ' 10

' JlT and Ziman !1
21 

indicate 
·that the four-body distribution must have a short-range orientational 
order to produce a· ps.eudogap. A sui table way to relate short-range 
order and:density of states is the approach, which was firstused by 
McGill, Klima and Ziman I 13- 15~ The authors describe the potential 
in the amorphous solid by nonoverlapping muffin-tin potentials. This 
lias the advantage that, ·using multiple scattering theory,· the density 
of states may be expressed analytically by a generalized Friedel sum 
in terms of phase shifts of muffin-tin potentials and their spatial 
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arrangement I 16 • 17/ An appropriate expression for .the density of 
states may be obtained by calculation of Friedel sums for clusters of 
few atoms and the neglection of the multiple scattering between these 
clusters. Indeed calculations for C , Si and Ge with clusters 
of only eight atoms clearly indicate the existence of a pseudogap. 
·Calculations for clusters up to 30 atoms by Keller I JBI show a tendency 
to a perfect gap in the energy range where this gap is in the crystal."' 
But the results show also that for clusters of 30 atoms intercluster ) 
contribution cannot be. ignored. A further increasing of number of ) 
atoms in the clusters is questionable because of computational expense. 

In this paper an alternative way to the cluster approach is 
investigated; it takes into account !he topological connectivity of the 
system but considers only the nearest neighbour scattering processes 
between the atoms. · 

·The' idea is the following. F.roni the viewpoint· of molecular 
·physics a semiconductor like Si or Ge is simply· one enormous 
covalently bonde'd molecule. The bonding s·tatE~s form:the valence band, 
whereas the'antiboriding states- separated by a gap - form~ the conduc
tion band. A mathematical formulation of this simple picture is the 
~ight-binding model of Weaire I 19-24/.He was able to show that in this 
model' a gall exists for a random ·network. ·In the sense of these 
considerations we· assume, that in the multiple scattering approach 
the density of states is dominated by these nearest neighbour scattering 
processes which correspond to the well-known hybridized orbitals 
of molecular physics. In other words we trai1sform the Weaire model 
into the multiple scattering formalism. In this approxiinatfon the Lloyd 
formula for the density of states may be reduced to an expression 
whiCh separates the influence of the scattering properties of atoms 
from this of the topologicalconnectivity. Using this model numerical. 
calculations for amorphous c and Si · show the existence of ;t pseudo-
gap which is determinated by short range o_rder. · 

!• 

Section 2· gives a .derivatio,n of the density of.state formula for 
the· model based on the multiple scattering theory. Section 3 presents 
the numerical results f()r c and Si , and the main'coriclu.sioJ?.s ~re 
summarized in Section 4. 
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2. Model 

For nmiinteracting electr.ons, ·moving in an ext 
identical muffin-tin potentials' 'the integrated 'densi 
volume·· V may be expressed bY I I6. nl 

·N( E) 
2 . 

N
0 

(E) - -;vim Trln D; 

where N 0 (E) is the integrated. free particle densit; 
second· term describes the generalized Friedel SUI 

The matrix D is given in a mixed. angular mor 
(LnJ representation by 

, 
D nn . nn . = (ctg 11 -::l}o .,8 ,+ G , .. ·· 

LL' L nn L.L LL 

L . stands for the quantum numbers of the angular 
n -th muffin-tin potential is characterized by the phaf 
the position Rn . G is, in the main, the free particle ( 
in the mixed angular momentum-position representati 

nn 1-1'-1·, 

G "' 4 TT(l - 0 ) .~ i 
LL' nn' 

... 4 

c ,,h (R·-R ,; 
LLL L" n· n L ,, . 

with the abbreviations 

· h ( 0 = I n ( K r )-- i i ( K r) I Y ( ~) , · . K = .j E., 
L . I · I · L 

-+ 
-+ r 
n = -. r 

. - -+ _,- ~ 

c · =( dQY (n)Y ,(n)Y, (n), 
LLL'~ . . L L . L 

5 



:ion for .the density of 
~1 sums for clusters of 
:attering between these 
and Ge · with clusters 
stence of a pseudogap. 
r liB! show a tendency 

. I 

s gap is in the crystal. 
:.30 atoms· intercludter 
creasing. of numb~r of 
~omputational expense. 

1e cluster approach is 
ical connectivity of the 
r~ scattering processes 

riewpoint· of molecular 
simply· one enormous 

: form:the valence band, 
~ap - form the conduc-
; simple picture is the 
ble to show that in this 
; ·In the sense of these 
Le,, scattering approach 
;t neighbour scattering 
11n hybridized orbitals 
'orm the Weaire model 
pproximation the Lloyd 
duced to an expression . 
1g ·properties of atoms 
~ this model numerical 
~existence of :.t pseudo- . 

~ty of. state ~formula for 
>ry. Section 3 presents 
e main' conclusions are . ,. 

2. Model 

For noninteracting electrons, moving in an extended system of 
identical muffin-tin potentials, the integrated ·density of states per 
volume . V ri1ay be expressed by I 16·171 

N( E) 
2 

N 
0 

(E) - -;ii /m Trln D , (1) 

where N 
0 

(E) is the integrated free particle density of states. The 
second· term describes the g(meralized Friedel sum for the solid .. 
The matrix D is given in a mixed angular momentum-position . 
(Ln) representation by 

' nn 
D nn = ( ctg 11 - i) o ,o ,+ G , • · 

LL' L nn L.L LL 
(2) 

L stands for the quantum numbers of the angular momentum. The 
. n -th muffin.:.ti_!l potential is characterized by th_e phase shifts 11 L and . 
the position Rn . G is, in the main, the free particle Green's function 
in the mixed angular momentum-position representation 

nn l-1'-1·, .. .... 
G . , "' 4 TT (I - 0 , ) };· i 

LL nn 
CL 'L"h (R -R ,, 

L L" n n 
L" 

with the abbreviations 

K = -JI!.,'' 

.... ·~ -+ 

C · =r d!lY (n)Y (n)Y (n), 
LLL'~ .. L L' L" 

... 
... r 
n =-. . r 

(4) 
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II·· j l ( ;;_ r) and T! l ( K r) ~re the spherical Bessel and Neuman functions' 
respectively. The YL (ri) are real spherical· harmonics. · .. · j' 

.. Fig~x:~s 1 and 2 show the phase shifts for·: C • and Si /', respec- . • 
·_.;·uyely. The' energy :r·ange of ·the gap in t~e· crystalline state ,is indicated· f 

:h:Y' the arrows on the energy axis.In this energy_range th~·inuffin-tin ;: 
potential is a strong scatterer both for s...:.. and. p -partiaf waves;: .•. 'i 
the . . d -phase shifts are small (SiJ or negligible (C). · · ·· ~; · · f 

Taking into consideration the behaviour of the phase shifts and '1 
the s_hort-range order .. we c-alculate the density. of states (1) within the 1 · 
following-approximations: .. ,~ ·; 

L.~We restric.tthe consideration on·s:.... and p -;phaseshiftsonly. - (J-
. The·influence oJ·. the _·J -phase shift _!or Si (Fig. 2) is calCulated .11 

in the single site approximation;· · ... · - . · · · . . .. 
• 2: Furthermore We take: into'.account in (1) the nearest neighbour i 

scattering only. This is an essential approximation 'but - taking into",..: i• 

-consideration the behaviour of phase shifts - it may 'be expected tha('. 
this approximation gives a reas'onable description of the density of 
states. in lhe energy range of the gap·. . · · · . ".; · 

· a: The main- contribution of the nearest neighbour- scattering · :~ 
results ~rom scattering process~s."whicli aretypica~ for the covalent".:: I; 

·.bond. To show this we transform the matrix (3) from the ('f:n) represen:- : .1 
· tation into a mixed hybridized orbital-pos~tion (in) representation· ":i l . . . . I 

J 

·.;;,_; .. 
nn nn + n 

:l SnG (S )'··· .. 
· , iL· LL '. -' L 'j ·· 

L .I-· ., . 

G (5) .· ij 

. . n . 
The unitary matrices S · produce a linear. combination of angular 
momentum· well-known from the theory of covalent bind~_ng 

.·. 
1. 1 1 1 

1 ,., 

s ""- f ( 1. -1 -y ., 
,~ . ' ..... : . ~· 

2 
1 -1 1 -~ : • 

(6) 

1 -1 -1 1 ... 
For different atoms the S n differs· from (6) by a suitable roUt.tion 
of the coordination ... system in such a manner, that the hybridized. 
orbitals i are always "directed" to the nearest neighbours. It may 

. · 
6 

' 

. ·1 

I 
. i 

• . 
.. ' .. .... . 

:~~ 
/ .. ~. ,_;..,._ 

G 
nn; 
>• K · •. .. ii 

Now we take into account only 'the~-~ ·inatrix ·~le~ent 
for the Green's function the ·final expression 0< 

. .. ~ .-

-11n 
(; 

ij. 

<f ' ~-
.~ t»;j c n'tl; 

'"· 

1 
Wi.th·these approxirri~tions the model describ~s a 

of scatterers and a.llows:'one to investigate .the·influepc 
disorder on the density Of states quite similaras for tl 
-m-odel"of. Weaire :21.2>.'. In order-to·calc'uiite.·the d' 

. _.from (1) we handle the matrix iJ inthe same manner ~ 
nian of the Weaire model. ·n may be split in two p~ .. ' . . . '. ~ . ., ' 

. /). /) . i /) 
1 . . 2 

'. 

~. ''rhen for the.integrated density of states. (1) ·we obtain 
. . ' ' ". '~ .. ' 

•) ... 
·N( E)= N r 1::)- ___::_ lm Tr: In /J

1 
+In it+ IJ "[)

1
- 1 ) I. 

o 77 1 • •• · .. . 2 

D I; descri}?'es the ·scattering withiri 1~dependent p 

nn 

( /)') ··. 
• ij 

l ( ('/ f!. 1} - i ) 0 
1 nn 

I' fi , 
11 n

1
. 

<('" ' ' 

t'l\j. 

D 1. is in.dependent of. the topological connectivity on 
·gives 'the contributio~ · 
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(6) 

6) by a suitable rotation 
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arest neighbours. It may· 
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t 
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b~ nn~hown" that in f~~ inter_esting energy range the matrix elements 
lr ·;;. :·· · -whic~· ~escribethe,scattering between atoms u ,-•:n; along · 
the : hybr~dized: Orbitals which connect ·"directly" the atoms 

. n ':" ~nd. n ; .. · - are _the l~rgest -·one: For .. the perf~ct tetrahedrai: ::. 
coordmahon of the nearest neighbours the matrix elements (; •m; are _ 
equal. · · ·, · · :;; · 

'·' . 

nn· 
(; " .' 

i i 
g . (7). 

Ngw we take into account only 'these matrix elements (7) and obtain 
· for'the Green'sfunction the·final expression · · · ·. ·· 

G 

, 
tltl 

ij 
~- ~-~ . t> , 
• ij n 11 i 

(8) 

With. these approxirriations .the model describes an ideal network 
of scatterers and ·aliows;'one to investigate ,the influence of topological 
di_s()rder on the density 6f·states quite similar as for the tight-binding· 
-model".of Weaire :21.2.,·. In order to calcuia:ie:the density of states 

. ·from (1) we handle the matrix · iJ in the same manner as the ·aamilto-
n.ian of the w eaire model. n may be spli t'in two parts .; ,· ~ ~· . . ·, .. : 

. /)' /) ' i /) 
1 ' . 2 

(9) 

"·.'Then for the Jntegrated density of states (1) we obtain 

. .• 

' •) 

·N(E}=N f/:')--- /mTrllufi +.ln(/ +./)
2
''/) 1-

1 )1. 
0 1T I· " I 

(10). 

U 
1
, descrihes the ·scattering withiri i~dependent pairs of· atoms 

ntz 

( [) ') ... 
. i j . 

) ( ('/If. T/ .- i ) 0 
I U1l 

F fi , '(11) 
11 Til. 

U 1 is' independent of the topological connectivity of the network. and 
·gives the ccmtribution 
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...... : 
2 4 . 2' '2 . 

---lmTrlnD =----lmln.l(ctg 71 -i)· -.g I 
1T v l . 1T vo . . . l . 

(12) 

to the integrated density of states. ( V0 is the volume peratom) .. The 
last term in (9) takes into account the scattering b~tween different 
hybridized orbitals at the same atom and may be written as 

with 

r = ctg 71 - ctg 71 0 1 

D· = rP 2 . 

and the projection matrix P , which projects out the 
(Ln) representation 

, 
·p nn = 0 , 0 ,' 0 . 

LL'· nn · LL LO 
_) 

. (13) 

(14) 

s -part 1n the 

. (15) . 

For the last ~erm in (10) we obtain, using (13), (15) and the properties 
of the trace, 

. -I ' -I 
Tr ln ( 1 + D D ) = Tr ln ( 1 + r P lJ I P) . 

. 2 I 

An elementary calculation gives 1251 

(.-'rgH -I 
1 + T p DI p = 2 2 ' 

( ctg TJ -i) - g 

with the parameter 

(, = ( ctg TJ - i) 2
- g 2 +.; ( ctgTJ - i) 

I I 

and the one band Hamil ton ian 
nn '. 1 

H , = -4 (1 - o , ) o ,o , 
LL nn LL LO 

(16) 

(17) 

(18) 

(19) 

I 

\

. 
. -

II 
:I 
I 

, I 

i 

,_ :..J 

·,.:;. -· .. , 

where _ !' . and· n' ~-~e the neare~t neighbours; . A 
mod~I'/211 the one -}:)and' ~amiltonian (19) is independ 

·,a_l: Its eigenvalu~s (v •. · 3:7.~ bounded-by . , 
... ~ "< .:. 

·-~ - . 
. ~1 .. < ( . < z; . ~ . -~ 

- .v -

and depend oniy on the connectivitY of- the n.etw1 
(16)-(19) we obtai1_1 for the iiitE~grated'densitY of state: 
s~n : · 

'. . '2. .. . ' . ' 2·-> .. 2. 
~- •'N(E}=·N (E)~ --lmlnl{ctg71 -£) -g -1 

o-··· o ·· riV · 1 

y' 

:-· .. 

0 

. 2 . 

..: -·-· /m Trln ((, .:..._ rg H) 
1T J' . '"_- ··.·- . -

The .. density _of states·pfE) is obtained simply by d 
with' respecf to energy and may be_ written as · · 

p(t') = p;(E} + p- (E) 
,. ·1· · · 2 · .. 

. . 

. :With the str~~ture independent part. 
. - ';- 't '' 

P (E) 
1 

E~ 

2rr 2 

2 d 
-V.- d ,.. lm ln I ( ctg 71- _: i) 2 :... ; 
"o u · .,I g 

and the structure dependent te_rm 

(Ef . 2 d 
p 2 = ·-;v dE lmJrln (i. - rg/1). 

. With the density of states il r c J ofthe one band Ha 
. expression (24) may be written as · · 

r 

. . 2 .: d . .; '· .. ·,\·. .·- . 
p (E) = - --:--v -E /m J dql{ f) ln ( (, - r'g d. 

2. . 1T d 
0 
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.l_·' ·.· '• (12) 

~.volume per atom). The 
tering between different 
be written as · · 

(13). 

(14) 

out the s -part in the 

(15) . 

, (15) and the properties 

(16) 

(17) 

(18) 
.• 

(19) 

where .n and n' ~~e the nearest neighbours.,As for the Wea~re 
modef/2z/ the one baiui Hamiltonian (19) is independent of the potenti-

.· al. lt.S eigenValU~S f II .. :ire bOUnded'bY: . , . • . . . . . 

..• . .;,.J .• < ~ .· :< r 
II 

and depend ori.iy on the connectivity ~f-. the n.etwork. With (12) and; 
(16)-(19) we obtaiJ.l for the inh~grated·density of states.(IO) the expres- .. 
sion .: ·· .. 

' ' 2' ·. 2 . . . 2 

1

1 

, : '.N (E) = · N
0 

(E) -: -V lm ln I ( ctg TJ - i) - g I 
" o. l ' 

~· 

' 2 - -· ,- /m Tr ln ((, - rg H) · 
(21) 

"~ ......... . 

The .. density of states·p(E J is obtained simply by differentiating (21) 
with' respecr'to energy an.d may be written as · 

.,1,' 

p(E}·= p'(E} + p- (E) 
•· I · · 2 :. · 

' (22) 

with the structure independent part 
. '~ , r . , . . 

. E ~ 2 d ~ - -- --. lm ln I ( ctg TJ ...: i / - g 
2

1 
2rr 2. rrVa dE . . 1 

'(23)· . P (E) 
l 

and the structure dependent term 

E . 2 d 
( 1 I ·1· I ' II . 

P = -- -- m r n ( L - rg ) . 
2 · rr V dE · · 

(24) 

With the density of states 11 t 1; ofthe one band Hamiitonlan H the 
- .. expression (~4) may b~. written as · 

2 • d ' f.·. 

p (E) = - -· - --/m J de 11./ f) ln ( (.- rg E)· 
. 2 · . . iT V0 dE 

·.· (25) 

' ·. 
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Different functions {1.( E) are shown in Fig. 3. The density of
states for the diamond structure 'ii2 (f) · were obtained by the method 
given in hi/ ' arid the tabulated integrals in h61. For the density~of 
states -of" the Bethe lattice pj( () a lattice without closed loops :: we 
have used the results in /21/. --: · 

. - - ·,' ~ 

3. Numerical Results for the Density of States 
' -:. 

The equations (23) and (25) has been evaluated numerically for 
amorphous covalent bonded c and amorphous Si In order to 
compare the results with the cluster approach, the calculations are 
made with the same ·phase shifts "' (see Figs. 1,2) used also by· 
McGill, Klima and Ziman·/u-15/. For the volume per atom V0 is 
taken the crystalline value. 

The results for C are shown in Figs. 4-6. In the single site 
approxi"mation the density of states shows a peak at about 0.3 Ry, due 
to the weak resonance in the · p .. -phase shift. The scattering along 
.the hybridized bonds splits this peak. in two. peaks. Therefore the 
sfructure independent parthasnarrowpeaksataboutO.l Ry and 1.05 Ry 
and ·a low density region betweeri these two p_eaks((see Fig. 4). 

In order to investigate the influence· of topological disorder on 
the density .of states the structure dependent part p 

2 
(E) has been 

evaluated for different functions 11- (r J (see Fig. 3). The results are 
plotted in Fig. 5 for the diamond structure· 11- · ( i) , for the Bethe 
lattice 11-

3 
(f) and for the density of states fl 1 dJ = 2111 v 1 - E 2. · In 

the energy range 0.2-0.9 Ry p
2
'( E) does practicallynotdepend on the 

topological connectivity of the network. The variation of p 2 (E) with 
the functions llz , 11- 2 and 11-

3 
isoforderofpercents or smaller. 

This may be understand byconsideration of equation (24). The parame
ter which controls the influence of the structure on the density of 
states is given by 

T/{. 
. a··= 

' 
(26) 

In Fig. 5 is plotted I a 1
2 as a function of energy. In the range 

0.1-1.1 Ry 1 a I is less than one and the logarithm in (24) may be 
expanded · 

The ·author is- grateful to Dr. J .Klima for sending him the 
phase shifts for .. C and Si • · 
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2 -d lXI . 1 m (m) 

P .(E)"'.------. lm lln (- ~ -a IL I, 
2 · V dE · .m · 

· TT. 0 · . .m=J. _ 

. . . ( m) . . . . 
where 11- -· are the mom~nts of the Hamiltonian (19 

IL (mJ =TrH m = fdifl (i) i m . 

From (19) follows directly IL 
1 

IJ = 0 and - for any 1 

nearest neighbours .tt llJ = Il4 . The influence of tope 
vity is therefore of order I a I 3 or smaller. w 
p2 (E) only for. functions (L ( i) which are symnietril 

·(see Fig. 3). The .variation ,of p (E) with. tL( d is tl 
I al 4 • . . . 

The contribution p 
2 

(E) reduces the density of s 
two peaks of p 1 (E). (see Fig. 4) and is therefore 
existence of the pseudogap.· Calculations for different 
showed that the behaviour of p2 (E). and with it the 
in· the pseudogap region - depends sensitively on the 
Figure 6 shows the result for the density of states 
the region of the pseudogap is about one order ·of rr 
than the free particle density .In comparison with thE 
tions /13- 15/the gap is extended into. the range Of lOVI 
der to obtain reasonable results for these energies,: 
take into account further scattering processes whi 
in (8). 
_ Similar results were obtained for . Si . as sh 
The contribution of the· d -phase shift is· include 
sirigle· site approximation. As may be seen ·in. Fi 
density of states has ~n the energy range 0.07-0.19 B 
ve· value due to the fact that the approximation t ' . . 
conserve the pos~tive definitness of the density of st 

4. Conclusion 

The main .purpose of these calculations is to sho 
. semiconductors the_ t~trahedrally coordinated neare 
able to produce a pseurlogap. In correspondence VI 
the cluster approach /:u- u/ the valence band a1 
band are formed by resonance states. The behaviour< 
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Fig. 3). The results are 
! 11-

2 
· (c) , for the .Be the 

L1 (£)=21TTJl-c2.· In 
:tically not depend on. the 
lrtation of p ; (E) with 
'of percents or smaller. 
tation (24). The parame
ucture on the density of 

(26) 

· of energy~ In the range 
~garithm in (24) may be 

rna for sending him the 

., 

l 

P (E) 
2 

00 

2 d 
- - -.. [m lln ~ - l: 

11 ~ dE .m=I 

·wh~re ll.f mJ are the moni~nts of the Hamiltonian (19) 

ll em J ;: Tr II m = ( d liJ. ( £) c m. 

(27) 

(28) . 

( 1) 
From (19) follows directly tt · = 0 and - for anynetwork with four 
nearest neighbours 11 lZJ = I/4 . The influence of topological connecti- · 
vity is therefore of order I a I 3 or smaller. We have evaluated 
p2 (E) only for. functions IL (i} which are symmetric about the origin 
(see Fig. 3). The .variation .of p (E) with. ll( d is therefore of order 
\a'\ 4 

.. ·The contribu!ion p
2 

( E)reduces the density of states between the 
two peaks of p

1 
(E). (see Fig. 4) and is therefore important for the 

existence of the pseudogap.· Calculations for different s • -phase shifts 
showed that the behaviour of P/E) and with it the density of stat~s 
in· the pseudogap region - depends sensitively on the s · -phase shift. 
Figure 6 shows the result for the density of states p (E). Its value in· · · 
the region of the pseudogap is about one order ·of magnitude smalier 
than .. the free particle density .In comparison with the cluster calcula
ti<)ns /H- u/the gap is extended into the range of low energies. In or
der to obtain reasonable results for these energies, it is necessary· to 
take into account further scattering processes which are neglected 
in (8). 

Similar results were obtained ·for. Si . as shown in Figs. 7-9. 
The contribution of the· d -phase shift is ·included in Fig. 9 ·in the 

· single· site approximation. As may be seeri ·in. Fig. 9 t~e calculated 
·· d(msity of states has in the energy range 0.07-0.19 Ry asmallnegati

ve value' due to the. fact that the approximation ·made above do not·. 
conserve the positive definitness of the density of states. 

. . 

4. Conclusion 
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P -pha·se shifts is essential for the existence of the gap. The density· l ,.· -' 12. J~M~Ziman: J .. Phys., C2,·J704 (1969) .. _ . _ 
of states within .. the ·pseudogap .does practicaily not depend on the ,-,·.... '13. T.C._McGilL ·and J._Klima. J.Phy~., C3, L_l63 (19.~ 
t 1 · ·1 t· "-hi·d t . th . · ·t ·f · -11 : - t ' 14. J.Khma, .. T.C.McGlll and J.M:Ziman. DISCUSSI~ ... op_o ogica . connec _IvhJ · ue o ~ _exis ence o a s~a parame er, ~;' (to be published). . . - · .. · 
which controls the mfluence of long-range orde:r. . .. · : \ . 15. T.C.Mc<;:au and J.Klima. Phys.Rev., B5; 1517 (19 

The model· gives only ·:3: simplified pi~ture: <?f 'the ~ensity of· ·I ,. 16. P.Lloyd. Proc.~hys;Soc. (London), 99, 207 (1967 
states. In _comparison with the gap in the crystalline state and the ... ' 17. W.John andP.Ziesche. phys.stat.sol.·Q>); 47, _K8 
results of the cluster approach the pseudogap is:extende~ within tl!e ·., · _ 1

1

.. 18. J.Kell~r. J.Phys., C4, 3143 (1971). .. . · .... 
·f 1 · · ·Th" · t · · -· · th . · . t· . . 19. D.Weaire. Phys.Rev.L~tt:, 26, 1541 (~971). range o ow energies. IS .Is no surprismg, smce e approxima wn ,, 20. D.Weaire and M.F. Thorpe. Phys.Rev.,. B4, 2508 

which: is made in the. model. is ~u~sti?nable"for this range of low. ,. Ji. 21. M.F.Thorpe and D.Weaire. Phys.Rev., B4; '3518 
. energies. Neverth'¥less _the ?Iodel.mvestlgate_d abovE!· ~~Y be useful '· j · ·':. _ 22_. P .L/~aylor. Ph~s.Rev:,~ B4, 4642 (1971) .. · 
as a zero order approximation for moredetalled numerical calc'l:lla-. j, . , 23. V.Heme. J.Phys~, C4, L221 (1971). ·. 
tions. These calculations· should take into account- the in (8) neglecte'd ,_;,_;r · · .. '~ 24~ J .M. Ziman. J .Phys., C4; .3129 (1971) .. · .. - .. 

. · · · · - · · · . - · 1 . 25 W John JINR E4-6589 Dubna (1972)· phys.stat.~: . scattermg proces~es by· a cluster approach. Perhaps With such · r' .. . publish.ed). · · . · . ·' - · ' 
.• a "re~ormalized" clusjer method- that is not_b_ased on independent : · !'.·_. · 26 .. E.Frikee.·J.~hys., C2, 345 (1969). 
scatterers .. but on the network model - a reducing of intercluster 
contribution may be obtained 'and in this way reasonable results for 
small clusfers may be expected. ·· · l 
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