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The four matrices of the electrical and the energy current densities are derived for bismuth-
Telluride in arbitrary magnetic fields on the basis of D R A B B L E ' S six-ellipsoid-model. The scattering 
time will be taken anisotropic but not necessarily diagonal in the same system as the mass tensor. 
The starting point is B O L T Z M A N N ' S transport equation in its region of validity. These four matrices 
are converted to resistance, absolute thermopower, P E L T I E R coefficient and electronic part o f 
the heat conductivity for vanishing magnetic field and for magnetic fields parallel to the trigonal 
and the binary axis of the crystal. Saturation formulas for all directions of the magnetic field 
are deduced. Four resistance components mesured in dependence of the magnit ude of the magnetic 
field are used to evaluate the band parameters which are different once more from data of D R A B B L E 
and TESTARDI; but they are independent of the magnitude of the magnetic field within the 
limit of error. 
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2. Voraussetzungen 

a) D i e R e c h n u n g e n w e r d e n f ü r p - L e i t u n g aus -
ge führt . 

b ) D i e 6 M a x i m a des V a l e n z b a n d e s l iegen a u f d e n 
3 Sp iege l ebenen in d e n P u n k t e n fj^, d e r e n g e g e n -
seitige L a g e d u r c h d ie S y m m e t r i e o p e r a t i o n e n d e r 
Krista l lk lasse R 3 m fes tge legt ist . 

c ) F ü r d ie A b h ä n g i g k e i t der E n e r g i e v o m W e l l e n -
v e k t o r gi l t in gu ter N ä h e r u n g 

Eo-Ek = E = (h*l2mo)anJkiki. (2.1) 

Dar in s ind EQ d ie m a x i m a l e E n e r g i e i m B a n d u n d 
(aij) • (1/rao) der r e z i p r o k e M a s s e n t e n s o r . Ü b e r w ie -
d e r k e h r e n d e I n d i c e s in P r o d u k t e n ist hier w ie i m 
f o l g e n d e n g r u n d s ä t z l i c h zu s u m m i e r e n . 

d ) S t reuprozesse seien n u r Ü b e r g ä n g e z w i s c h e n 
Z u s t ä n d e n , die z u m se lben E x t r e m u m g e h ö r e n . D a -
mi t k ö n n e n d ie E x t r e m a u n a b h ä n g i g v o n e i n a n d e r 
b e h a n d e l t w e r d e n . 

e) D i e Streuze i t ist a n i s o t r o p . I h r e E n e r g i e a b h ä n -
gigkei t w i r d in der F o r m 

NJ = R'ij-<P(X) (2-2) 

b e r ü c k s i c h t i g t . D i e s ind A n i s o t r o p i e - K o e f f i z i e n -
ten , d ie v o n der T e m p e r a t u r u n d v o n der T r ä g e r -
d i c h t e a b h ä n g e n . I m E l l i p s o i d s y s t e m s ind in ( r e i-y) 
außer d e n dre i D i a g o n a l k o m p o n e n t e n n u r r e 1 3 u n d 
Te,3i v o n N u l l v e r s c h i e d e n 7 . D a m i t h a t d ie S t reu -
zeit nur 4 v o n e i n a n d e r u n a b h ä n g i g e K o m p o n e n t e n , 
da zur E r f ü l l u n g d e r ONSAGER-Relat ionen i m E l l i p -
s o i d s y s t e m 

i s / K S I = m i m (2 .3) 

ge l ten m u ß . (2.3) f ü h r t a u f e in s y m m e t r i s c h e s P r o -
d u k t der M a t r i z e n (a e t i j ) u n d ( r e i ; ) . 

D e r i s o t r o p e , d i m e n s i o n s l o s e F a k t o r cp{x), 

x = EjkT, 

bi ldet d e n e n e r g i e a b h ä n g i g e n A n t e i l , d e r m e i s t in 
der F o r m cp (x) = x*- g e s c h r i e b e n w i r d (A = — 1 /2 f ü r 
S t reuung d u r c h a k u s t i s c h e P h o n o n e n , X = 3 / 2 f ü r 
S t r e u u n g a n ion is ier ten Störs te l l en ) . 

3. Phänomenologische Beziehungen 

B e i A n w e s e n h e i t e lektr i scher ((5) u n d m a g n e t i -
scher (£)) F e l d e r s o w i e v o n T e m p e r a t u r g r a d i e n t e n 
sind d ie T r a n s p o r t g l e i c h u n g e n f ü r d ie i - t e n K o m p o -

n e n t e n der e lektr i schen S t r o m d i c h t e ji b z w . der 
E n e r g i e - S t r o m d i c h t e qi 

U = <**(£) El + Mik (£) ZTjZxjc, 

qi = Nik($)El + Lik(§) dT/dxk. (3.1) 

E s ist Ek = Ek — (1/ßo) ' öC/ö^fc d ie e f f e k t i v g e m e s -
sene e lektr ische Fe lds tärke , Ek d ie k-te K o m p o n e n t e 
des e lektr ischen Fe ldes , £ d a s FERMI-Niveau u n d eo 
d ie E l e m e n t a r l a d u n g . F ü r p - L e i t u n g gi l t eo>0. 
Andererse i t s sei 

E\ = Qik($)jk + ait(§) • dT/dxk, 

qi = nik(§)jk - x « ( § ) • d T / d x / c . (3 .2) 

Oi k , M i k > N ik u n d Lik erhäl t m a n be i der t h e o r e t i -
s chen B e t r a c h t u n g des T r a n s p o r t p r o b l e m s d i r e k t , 
w ä h r e n d Qik , txik, n i k u n d Xik in der R e g e l e x p e r i -
m e n t e l l g e m e s s e n w e r d e n . 

D i e B e z i e h u n g z w i s c h e n (3 .1) n n d (3 .2) w i r d 
d u r c h 

(Qik) = ((fik)'1, &ik= — Qij Mjk , 

mic = Nij Qjk, xa = Nij Qji Mik — Lik (3 .3) 

hergeste l l t . F ü r alle T r a n s p o r t m a t r i z e n ge l ten a u ß e r -
d e m die ONSAGER-Relat ionen, w ie z . B . 

< r « ( £ ) = < r w ( - £ ) . (3 .4) 

D e n PELTIER-Koef f i z i enten b e r e c h n e t m a n n i c h t 
d i rekt , s o n d e r n aus 

7iik($) = Txki(-f>). (3.5) 

4. Lösung der Boltzmann-Gleichung 
für ein Ellipsoid 

D i e A u s g a n g s g l e i c h u n g e n s ind 

U = j j j Vifd*k, 

® = J J J » i ( ^ - 0 / d ® t (4.1) 

(eo > 0 für p - L e i t u n g , Vi = i-te K o m p o n e n t e d e r L a -
d u n g s t r ä g e r - G e s c h w i n d i g k e i t ). 

/ ist die d u r c h e lektr ische u n d m a g n e t i s c h e F e l d e r 
sowie T e m p e r a t u r g r a d i e n t e n g e s t ö r t e V e r t e i l u n g s -
f u n k t i o n der L a d u n g s t r ä g e r . Sie w i rd aus d e r BOLTZ-
MANN-Gleichung f ü r d e n s ta t i onären Fal l b e s t i m m t , 



Y (Ei + I eijic Vj Hk j dfldki + Vi df/dxt = ( ö / / e T ) s t r e u u n g (4 .2 ) 

(co = L i c h t g e s c h w i n d i g k e i t i m V a k u u m , 

Hk = &-te K o m p o n e n t e d e s M a g n e t f e l d e s , 

?ijk = v o l l s t ä n d i g a n t i s y m m e t r i s c h e r T e n s o r m i t 

£ 1 2 3 = £ 2 3 1 = £ 3 1 2 = + 1 • £ 3 2 1 = £ 2 1 3 = £ 1 3 2 = — 1 ) • 

D e r A n s a t z ( / o = V e r t e i l u n g s f u n k t i o n i m u n g e s t ö r -
t e n F a l l ) 

/ = / o - < P ö / o / ö t f (4 .3) 

f ü h r t m i t d e n ü b l i c h e n N ä h e r u n g e n 
( e o l h ) E i • 0/ /0fc , ^ ( e o l h ) E i • 0/o/0ife< 

Vi • 0 / / 0 x , ^ Vi • ( ö / o / 0 T ) • c T ß x i 

a u f e ine D i f f e r e n t i a l g l e i c h u n g f ü r 0. I n d iese w i r d 

d i e a n i s o t r o p e S t r e u z e i t ü b e r d i e z e i t l i c h e Ä n d e r u n g 
d e r T r ä g e r g e s c h w i n d i g k e i t e i n g e f ü h r t 

(0Vi/0<)&treuung = ~ ( ( t ) " 1 ) « ^ , (4 .4 ) 

w i e sie KORENBLIT 7 b e i d e r B e r e c h n u n g d e r S t r e u -
z e i t - K o m p o n e n t e n b e n u t z t , ( r ) - 1 i s t d e r r e z i p r o k e 
S t r e u z e i t t e n s o r . 

W e g e n 

(00/00Streuung = ~ ( W / t o i ) ( ( T ^ i j V j 

e r h ä l t m a n als L ö s u n g f ü r 0 

0 = e 0 Vi Tij[Fj + (eolc0m0) ejki{txT)krFrHi + ( e 0 / c 0 m 0 ) 2 Z l • ((ot r ) - 1 ) » • HrHsFs] x 

X [1 + ( e o l c o m ) 2 A - £ r r ( ( a T ) - i ) „ f f , ] - i , (4 .5 ) 

(Zl = D e t (a T) , = E* — {k/e0) ( s — rj) dT/dxj, ^ = T7 , Jfc = B o L T Z M A N N - K o n s t a n t e ) . (4 .6 ) 

(4 .5 ) g i l t g a n z a l l g e m e i n f ü r e in E l l i p s o i d m i t p a r a b o l i s c h e r 2 £ ( f ) - A b h ä n g i g k e i t u n d a n i s o t r o p e r S t r e u u n g 
b e i A n w e s e n h e i t e l e k t r i s c h e r u n d m a g n e t i s c h e t F e l d e r s o w i e T e m p e r a t u r g r a d i e n t e n . L e d i g l i c h d i e S y m -
m e t r i e d e s M a t r i x p r o d u k t e s ( a r ) w u r d e h i n e i n g e s t e c k t . 

F ü r d i e f o l g e n d e n R e c h n u n g e n w e r d e n e in ige A b k ü r z u n g e n e i n g e f ü h r t : 

Pe,ik = (xeTe')it m i t ( r e ' ) aus (2 .2 ) , 

A' = D e t ((oce te')ik) = Pe,22(Pe,nPe, 33 — P 2 e ,13) , D = D e t ( a f t ) , (4 .7 ) 

je _ _ u m VS *\P_ f d x 
*mn- [eoicomo) 9moFl/2(Tj) J l + {e0/c0mo)*A'<p2-((pe)-l)rsHrHs> 

0 

p = (3 /^2 ) (2 m 0 k T/h2 jD1/3)3/2 F\/2 {-rj) = T r ä g e r d i c h t e , (4 .9 ) 

oo oo 

F r ( r ? ) = J s ' / o d x = - ^ J (0/o/dar) dx , ( 4 .10 ) 
0 0 

G ) , i * = ImoPe.ik, 4 u * = ImietkjdPeniHi, tem2Jk = A' Fm2Ht H k ; (m = 0 , 1 , 2 ) . ( 4 .11 ) 

Mi t d e n A b k ü r z u n g e n (4 .7 ) b is (4 .11 ) lassen s i ch d ie v i e r T r a n s p o r t m a t r i z e n f ü r e in E l l i p s o i d b e q u e m als 
S u m m e n a u s d e n 9 M a t r i z e n {t e m n jk s c h r e i b e n : 

aik ~ (^OO.tt- + 101, ik + 102, ik) > 

M\k = - (kleo) («;„,» + th.ik + «52.ifc) = - (1 IT) N% , ( 4 .12 ) 

E% = - {kje0)2 T(<|0>i., + f2Ujfc + f22)i-,). 



D i e in d e n L ö s u n g e n e n t h a l t e n e n I*nn e n t s p r e c h e n f ü r m — 0 u n d § = 0 d e n | m b e i K E Y E S 1 1 b z w . DRABB-
LES 3 In o d e r TESTARDIS 6 I n , n u r d a ß K E Y E S u n d TESTARDI d e n F a k t o r D ~ 1 / 2 o f f e n s i c h t l i c h i r r t ü m l i c h 
w e g g e l a s s e n h a b e n . D i e s e r F a k t o r g e l a n g t ü b e r d i e Z u s t a n d s d i c h t e in d i e 7®m u n d d a m i t in d i e T r a n s p o r t -
k o e f f i z i e n t e n . D a HERRING u n d V O G T 1 2 d i e T r ä g e r d i c h t e (4 .9 ) v e r w e n d e n , d ie d i e sen F a k t o r e n t h ä l t , 
w i d e r s p r i c h t d a s n i c h t ihrer B e d i n g u n g , w o n a c h (a) u n d ( r ) n u r als P r o d u k t a u f t r e t e n . 

D a § g l e i chze i t i g d e r r e z i p r o k e n T r a n s f o r m a t i o n z u 
u n t e r w e r f e n ist , w e r d e n a u c h d ie I m n g e ä n d e r t . I m 
K r i s t a l l s y s t e m g e l t e d e r I n d e x c an Ste l l e v o n e . 

M i t d e n t r a n s f o r m i e r t e n G r ö ß e n 

<*c, ik — aij akl jl > tc,ik = aijaklte,fl > (5 -2 ) 

w o b e i c te j i — OLjdji ist (mo /a / = E l l i p s o i d - H a u p t -
m a s s e n ; j = 1, 2, 3 ) , f o l g t 

Pc,ik = aij akl Ve,jl — CLc,ij Tcjk . ( 5 .3 ) 

T r a n s f o r m i e r t e r h a l t e n a l so (4 .8 ) , (4 .11 ) u n d ( 4 . 1 2 ) 
l e d i g l i c h s t a t t d e s I n d e x e d e n I n d e x c . 

6. Summation der Transportmatrizen aller Ellipsoide 

I n B i 2 T e 3 s ind d ie 6 E l l i p s o i d e d u r c h f o l g e n d e S y m m e t r i e - O p e r a t i o n e n z u e r r e i c h e n 9 : 

/ 1 0 0\ / - I 0 0\ 

<«>-( S l ( / H 2 "S -?)•• 
< f l + > - ( S " f ? ) ; ( S + ) = ( : ; : _ » ) = ( / ) ( 6 . 1 ) 

/ c" s' 0\ t-c' -»' 0\ 
(D_) = ( - , o' i ) ' < * - H s -co -i) = mD-y> 

s' = s in 1 2 0 ° = j / 3 / 2 ; 

c' - c o s 1 2 0 ° = - 1 / 2 . 

(6) , ( I ) u n d d i e I n v e r s i o n e n i n ( $ + ) u n d ( S ~ ) g e b e n n i c h t s N e u e s . D i e G e s a m t t r a n s p o r t m a t r i z e n s ind d a h e r 
g le i ch d e m D o p p e l t e n d e r S u m m e d e r d u r c h ((5), ( D + ) u n d (DJ) t r a n s f o r m i e r t e n T r a n s p o r t m a t r i z e n f ü r 
e in E l l i p s o i d i m K r i s t a l l s y s t e m . D i e d u r c h (D+) u n d ( D - ) t r a n s f o r m i e r t e n M a t r i z e n e r h a l t e n s t a t t d e s 
I n d e x c j e t z t + b z w . — , d . h . es g i l t i n s g e s a m t 

<Jik = (ho,ik) + toi,ik + t()2,ik) , 
Mik = - (fc/eo) («10,it + «11,ik + <12,ik) = - ( W Nik , ( 6 .2 ) 

Liic = — (kjeo)2 T(t20,ik + hl.ik + «22, ik) 
m i t 

tmn,ik = 2 [tmn.ik + tmnik -f- tmnik]; (m, n = 0 ,1 , 2 ) . (6.3) 

U m die tmn,ik h is a u f d i e A u s w e r t u n g d e r a n g e b e n z u k ö n n e n , w e r d e n d i e T e n s o r e n ( p c , + , - ) _ 1 b e -
n ö t i g t , d ie a u ß e r d e m i m I n t e g r a n d e n d e r I e n t h a l t e n s ind . V e r w e n d e t m a n ä h n l i c h w i e i m F a l l 

12 C . H E R R I N G u. E. V O G T , Phys. Rev . 1 0 1 , 9 4 4 [ 1 9 5 6 ] , 

5. Transformation auf Kristallachsen 

D i e L ö s u n g e n (4 .12) g e l t e n f ü r e in E l l i p s o i d e iner 
b e l i e b i g e n S u b s t a n z i m E l l i p s o i d - H a u p t a c h s e n -
s y s t e m . Sie s ind f ü r B i 2 T e 3 a u f H a u p t k r i s t a l l a c h s e n 
z u t r a n s f o r m i e r e n . D i e s e se ien d ie x\-, u n d X3-
A c h s e , w o b e i d ie ^ 3 - A c h s e para l l e l z u r t r i g o n a l e n 
u n d die x 2 - A c h s e para l l e l z u e iner d e r b i n ä r e n A c h -
sen des K r i s t a l l s l i egen so l l en . D i e (x\ — x^)-Ebene 
b i l d e t d a n n d i e z u r b i n ä r e n A c h s e s e n k r e c h t e S p i e -
g e l e b e n e . I n d ieser l i egt d a s E l l i p s o i d . 0 sei d e r 
D r e h w i n k e l u m d i e £ 2 - A c h s e , d e r d i e H a u p t a c h s e n 
d e s E l l i p s o i d s in d ie K r i s t a l l a c h s e n ü b e r f ü h r t . D a n n 
l a u t e t d ie T r a n s f o r m a t i o n s m a t r i x 9 

(CO -s\ c = c o s 0 



i s o t r o p e r S t r e u z e i t 3 , h ier a l l e rd ings f ü r a n i s o t r o p e S t r e u z e i t , d i e b e q u e m e r e n P a r a m e t e r 

_ _ jacjc')22 _ < _ Pc, 33 _ (acT'c)33 
~~ Pc.ll (acTc') i l ' ^c, 11 ~~ (<XcT'c)ll ' 

Pc.ii Pc,33 — PO,13 ( a c T c ' ) u (a c rc ' )33 — ( a c r c ' )2i3 , . 
^ = ^ = ( o ^ r T ) ^ ' ( 6 ' 4 > 

s o w i r d (Pc,i]) = Pc, li 

1 0 | v — w 

0 u 0 
\/v — w 0 v 

1 + 3 % =F ] / 3 ( 1 — u) - 2 \ / v — w 

(P±,ü) = - i U | =F V 3 ( l - u) 3 + « ± 2 1 / 3 ( v - w ) 

— 2]/v — w ± 21/3 (v —w) 4 v 

( uv 0 —u]/v — w\ (6 .5) 

0 " o 

— u]/v — w 0 u 
uv-\-3w T j/3{uv — w) 2u\fv — w 

' C . l l I -R- l/Ö /„, v Q I „ „ T 9 „ l Ä 
( [ ( P ± ) _ 1 k ) = l T ^ ^ - i f ) 3 m p + w T 2 w j / 3 ( « ; - w ) 

2 w j / v — w =F 2 u j / 3 (r; — w ) 4 m 

D a b e i g e h ö r e n d i e o b e r e n V o r z e i c h e n z u m o b e r e n I n d e x - f , d i e u n t e r e n z u m I n d e x — . D i e K o m p o n e n t e n 
d e r T r a n s p o r t m a t r i z e n k a n n m a n s ich n u n le i cht m i t (6 .2 ) a u s d e n f o l g e n d e n K o m p o n e n t e n d e r M a t r i z e n 
(,tm n) z u s a m m e n s t e l l e n : 

tmo, 11 = 2 Pc, 11 [ICmo + 1 ( 1 + 3 u) (7+0 + / - 0 ) ] , 

<m0. 22 = 2 Pc, 11 [U 7f„o + l (3 + u) ( 7+0 + Imo)] , 

tmo, 33 = 2pc, 11 v(Ifn0 + 7+0 + 7 " 0 ) , (6 .6) 

tmo, 12 = 2pc, 11 ( [ 3 / 4 ) (u — 1) (7+0 — 7~o ) — tmo, 21 , 

tmo, 13 = 2pc, 11 \'v — w(ICm0 — \ 7,^0 — \ I~0) = tm0, 31 , 

tmo, 23 = 2 ^ c , 11 ( 1 /2 ) J 3 {V — W) (7+0 — 7~o ) = 32 , 

t-ml, 11 = tmi, 22 = tm33 = 0 , 

tmi, 12 = 2pl>n j - u ]/v - w{Icml - 7 + ! - I 7 - 0 7 / 1 - 2 j / 3 (v - w ) ( 7 + x - / " , ) H2 

+ u { I c m l + ^ m l + A « l ) # 3 I , 

«ml, 13 = 2 Pc.11 ( i v ' 3 {uv — w) (7+1 - 7 m i ) Hi — [wIcml + l (w + 3 uv) ( 7 + i 

+ I m i ) ] H 2 + y [ / 3 (v I/;) ( 7 + i - JMI) HZ J , (6 .7 ) 

tmi,2z = 2plii{[uvFml + ±{uv + 3w)(/+1 + 7~I)]77I 

- J / 3 (MV - M?) ( 7 + ! — 7 ~ i ) # 2 — u]/v — w{IcmX - \ 7 + ! - I 7 . - 5 ) 7 / 3 } , 

tml,ji($) = — tml,ij{&), 

tm2, ij = 2A'{Fm2 + 7+2 + / - 2 ) HI HJ. (6.8) 

D i e s ind d i e I n t e g r a l e (4 .8 ) , in d e n e n e d u r c h c b z w . -f- o d e r — erse tz t ist . 

D e r Ü b e r g a n g z u r i s o t r o p e n S t reuze i t k a n n o h n e w e s e n t l i c h e S c h w i e r i g k e i t e n d u r c h g e f ü h r t w e r d e n . 
M a n e r se t z t 

P i ] d u r c h a y , (p (x) d u r c h r{x), A' = D e t ( d u r c h D = D e t ( a y ) . 

W e i t e r e Ä n d e r u n g e n s ind n i ch t n o t w e n d i g . 



D i e G i n . (6 .2 ) s o w i e (6 .6 ) b i s (6 .8 ) s te l len d i e T r a n s p o r t m a t r i z e n f ü r b e l i e b i g e B e t r ä g e u n d R i c h t u n g e n 
d e s M a g n e t f e l d e s d a r . S ie s i n d j e d o c h n i c h t d i r e k t m i t d e n m e ß b a r e n G r ö ß e n v e r g l e i c h b a r , d . h . sie s ind 
a u f W i d e r s t a n d , a b s o l u t e T h e r m o k r a f t , P E L T I E R - K o e f f i z i e n t u n d W ä r m e l e i t f ä h i g k e i t u m z u r e c h n e n . 

(£«*:(•£>)) = ( < ) ) - 1 , a l l g e m e i n b e r e c h n e t , g i b t z u u n h a n d l i c h e A u s d r ü c k e . I m f o l g e n d e n w e r d e n d a h e r 
v e r e i n f a c h e n d e S o n d e r f ä l l e , e i n s c h l i e ß l i c h d e s G r e n z f a l l e s | § | oo, b e h a n d e l t . 

D e r F a l l | ip | = 0 f ü h r t w i e d e r a u f b e r e i t s b e k a n n t e E r g e b n i s s e 1 3 , w e n n m a n b e r ü c k s i c h t i g t , d a ß 
Imn(0) = Imn(0) = Imn (0) u n d tmn,xk — 0 f ü r n ^ 1 s o w i e f ü r i #= k i s t . A l l e r d i n g s s i n d d i e P a r a m e t e r 
ii, v u n d w h i e r n i c h t m e h r V e r h ä l t n i s s e d e r K o m p o n e n t e n v o n (a) s o n d e r n , w e g e n (6 .4 ) , v o n ( a r ) . 

7 . M a g n e t f e l d parallel zur trigonalen A c h s e 

F ü r = (0, 0 , # 3 ) e r g e b e n s i ch ä h n l i c h s t a r k e V e r e i n f a c h u n g e n w i e f ü r | § | = 0 . E s g i l t I^ a n (H3 ) 
= I m n ( H 3 ) — I m n i H s ) — I m n { H z ) . D a m i t b l e i b e n n u r f o l g e n d e v o n N u l l v e r s c h i e d e n e K o m p o n e n t e n 
d e r T r a n s p o r t m a t r i z e n a u f z u f ü h r e n : 

W ider stand 

£11 ( # 3 ) = £>22(#3) = 

{ ?33(^3) = ß f ^ c . l l /oo 

£>21 ( # 3 ) = — £>12 ( # 3 ) = 

u)pc,n /oo 
1 . UW 102 
1 + P C . 1 1 — • 7 -

1 4 

H 

2 f 2u \2/I01]2 
( T + T j fej H \ 

- 1 

- 1 

1 
3 ( 1 + u)pc, 1 1 / 0 0 V C ' 1 1 ( T T W T ) 

hl 
/ oo 

H 3 1 + Pc • n ( l 2+u) ( 
/O l\ 2 Tl2 
7 o o j H \ 

Absolute Thermokraft und Peltier-Koeffizient 

aii(#3) = a22(#3) = - ^ 4 S 

a 33 ( # 3 ) = 
Je 110 
co / oo 

0 / 2 u \ 2 / 0 1 / n i r 2 / 2 tt \ 2 / / 0 1 \ 2 
+ 3 ( / o o ) # 5 

UV^h^ 2 

• u * / o o ^ 3 

- 1 2 MM? /12 rr2l N i 2 

a i 2 ( # 8 ) = - a 2 i ( / / 3 ) = e o Pc , 11 y q r M / o o 

Beitrag der Ladungsträger zur Wärmeleitfähigkeit 

x i i ( t f s ) = * 2 2 ( # 3 ) = (A;/e0)2 T • 3 ( 1 + M)pc , 11 ho 

- 1 

/'20 _ / / l o \ 2 

/oo \ / o o / 
- 1 

X33(H3) = (kle0)*T-6vpc,nL 00 
/20 
/oo 1 + / > c 

2 ttW J22 2 

1 1 « ^ o ^ 3 

/ 1 0 W , , 2 / l 2 tto\2(-, , 2 /02 t j 9 \ - l 
T o o ) 1 + ^ 1 1 , / lO ( 1 + ^ , 1 1 , T o o 3 

(7 .1 ) 

(7 .2 ) 

(7 .3 ) 

= - « 2 i ( # » ) = (k/eo)2 T • ßuplfll/0i j-'f -
2 _ /01 /10 2m 

/oo / l l 
2 / 2 « \ 2 / / 0 1 \ 2 

^ M i + i r ) Uoo ) 

/ o i / l l 
1 1 \ 1 + 1 » ; / o o / 1 0 

8. M a g n e t f e l d parallel zur binären Achse 

D i e R e c h n u n g e n w e r d e n f ü r = (0, 0 ) l e d i g h e h d u r c h / + n ( / ^ 2 ) = Imn^f l2 ) v e r e i n f a c h t . A l s A b -
k ü r z u n g e n w e r d e n v e r w e n d e t : 

8mi = 2 w Icml + (w + 3 u v) /+!, Tm0 = 2 Icm0 + (1 + 3 u) I+0, (m = 0 , 1 ) . (8 .1 ) 

1 3 J . R . D R A B B L E , Progress in Semiconductors, Bd. 7 , 4 5 , Ed. A. F . Gibson and R . E. Burgess, H e y w o o d & Co, 
Ltd. London 1963. 



Widerstand 

(?n (ff 2) = 2 V (7§o + 2 70+) {4 w (7C00 - 7 + ) 2 + 6 v (3 + u) 7C00 7 + + 12 u v 70+2 + V \ u S 2 , , .fc, 11 

£22 (FF 2) = {2 U 7C00 + (3 + u) 70+ + 2 p 2 n u w + 2 / + ) 7 7 | } - i , / 'c, 11 

Q33(ff2) = J [2 7g0 + (1 + 3 u ) 1+] {4it ' (7 c ü 0 - 70+0)2 + 6t , (3 + u) Ic00 70+ (8.2) /^c,11 

+ 1 2 u v I + ? + P l 1 1 S * l H l } - i , 

Ql3{ff2) = ( ? 3 l ( - 7 / 2 ) = [— 2 j/i> — w ( 7 £ 0 - 70+0) + Pc, 11 $ 0 l 7 / 2 ] 

X { 4 ti; (7q0 - 70+0)2 + 6 V (3 + « ) 7C00 I^+Uuv 7 + 2 + p 2 n ^ . 

Absolute Thermokraft und Peltier-Koeffizient 

D i e y.ijc{ff2) w e r d e n in Zähler O a u n d Nenner Um aufgetei lt . 

och(77 2 ) : 
O11 = (*/e0) {2V(IQ0 + 2 70+0) Txo - 4 ( v - w) (7C00 - / + ) (7?0 - 7 + ) -

- 2 p c , 1 1 - ^[(/coo - ' o o ) S i i - (7C10 - 710) ^OI]772 + p 2 n S 0 i S n 

C 7 n = 4 ^ ( 7 Q 0 - 7qo)2 + 6 t ; ( 3 + «)7c0070+0 + 1 2 ^ 7 0 + 0 2 + v l n ^ H l \ 

or2?(772): 
O22 = (kje0) { 2 u 7f 0 + (3 + u) 7 + + 2plnuw(I\, + 2 7+) ff\}, 
U22 = 2 w 7£o + (3 + u) 70+ + 2$ x x u w { I q 2 + 2 7 + ) ff\ ; (8.3) 

oc33(7/2): 

O33 = (4/co) {2^(7 C 1 0 + 2 7 + ) r 0 0 - 4 ( v - w) (7C00 - 70+) (7C10 - 7 + ) + 

+ 2 pc, n 1 / t T ^ [(7Q0 - 7 + ) S u - (7C10 - 7 + ) 801] H2 + rftn S 0 i S n # 1 } , 

t/33 = I 7 n ; 

<̂ 13 (77 2) = a a i ( — 77 2 ) : 

Oi3 = (Ä/co) { 1 2 1 ; (70+0 7 C 1 0 - Ic007+) + 2 1 1 [(7C10 + 2 7 + ) Sox - (7C00 + 2 70+0) S n ] 7 7 2 } , 

ffi8= Uli. 
D a die K o m p o n e n t e n v o n km (ff2) r e cht kompl iz ierte , lange A u s d r ü c k e sind, wird — sol lten sie b e n ö t i g t 
w e r d e n — auf die D i p l o m a r b e i t des Verfassers verwiesen. 

9. Sättigungsformeln 

Wesent l i che V e r e i n f a c h u n g e n ergeben sich bei der B e t r a c h t u n g des a s y m p t o t i s c h e n Verhal tens der 
Transpor tmatr i zen , d . h . für Bere i che , in denen c o z p 1 (a> = Zyk lo t ronkre i s f requenz ) ist. E s lassen sich 
al lgemeine A u s d r ü c k e für bel iebige R i c h t u n g e n des elektrischen u n d des magnet i s chen Fe ldes sowie des 
S t romes angeben . W e g e n ihrer e in fachen Struktur sind Sät t igungs formeln einer A n a l y s e le icht zugängl i ch 
u n d k ö n n e n zur P r ü f u n g der P a r a m e t e r der Bands t ruktur sowie der Streuzeit d ienen. 

9.1. Widerstand 

N a c h Gl. (3.3) h a t m a n zur B e s t i m m u n g der W i d e r s t a n d s m a t r i x 

(Qik) = ((Titc)-1 = [(*00,<*) + ( «Ol . « ) + ( f o M * ) ] " 1 (9 .1 .1) 

zu b i lden. Die qhc s ind d a n n bis au f Vorze i chen Quot ienten aus der zu oki gehör igen U n t e r d e t e r m i n a n t e 
der Matr ix (o/fc) u n d ihrer D e t e r m i n a n t e selbst. D a m i t treten i m Zähler S u m m e n aus d o p p e l t e n , i m 
N e n n e r so lche aus dre i fachen P r o d u k t e n der ton>rs auf . Diese P r o d u k t s u m m e n w e r d e n f ü r QHC j e n a c h 
den I n d e x k o m b i n a t i o n e n v o n n m i t (wi , n2 ) ik i m Zähler u n d (nx, w 2 , ^3) i m N e n n e r abgekürz t . D a die 



Ion f ü r s t a r k e M a g n e t f e l d e r p r o p o r t i o n a l | § |~2 s ind , w e r d e n d i e t0n,rs p r o p o r t i o n a l z u | .<p \n~2 u n d d a m i t 
d i e e i n z e l n e n K l a m m e r n ( I n d e x „ > " f ü r „ s t a r k e s M a g n e t f e l d " ) 

(ni,n2)>tik ~ |.<p|W l + W 2 - 4 , ( n i , n2,ns)~ | (9 .1 .2 ) 

D i e f o l g e n d e n K l a m m e r n v e r s c h w i n d e n i d e n t i s c h 

(2 , 2) ik — 0 , (1, 2 , 2 ) = 0 , (2, 2 , 2 ) = 0 , ( 0 , 2 , 2 ) = 0 . ( 9 . 1 . 3 ) 

A l s o b l e i b t f ü r Q{k i m G r e n z f a l l h o h e r M a g n e t f e l d e r 

_ ( l , l ) » , a + ( 0 , 2 ) » , a + ( l , 2 ) » , a 
Q>,ik — ( 1 , 1 , 2 ) > ' ( y . 1 .4 ) 

W e g e n d e r G l . (3 .2 ) e r h ä l t m a n f ü r d i e K o m p o n e n t e d e s e l e k t r i s c h e n F e l d e s in R i c h t u n g § b e i b e l i e b i g e r 
S t r o m r i c h t u n g t u n d b e l i e b i g e r M a g n e t f e l d r i c h t u n g 1), (| § | = |t| = | f) | = 1) n a c h e i n i g e n U m f o r m u n g e n 
d e n f o l g e n d e n a l l g e m e i n e n A u s d r u c k , d e r Ü b e r s i c h t l i c h k e i t h a l b e r als M a t r i x g l e i c h u n g o h n e I n d i z e 

= + + - | - g . ( $ x t ) . ( 9 .1 .5 ) 

D a b e i b e d e u t e t H — \ Sj j 

Q = 9c + q+ + q-, (Kik) = qdPcjk) + q+(p+,ik) + q - ( p - j k ) , (Rik) = ?c((pc_1)^) + 

+ q+((p+1)ik) + q-((VZ1)ik), ( 9 .1 .6 ) 

qc> ~ = I)• (pc,-h-pM) = K n ^ ( Ä i . ^ . Ä ® ) ' 

qc = [uvh\ + wh\ + uh\ — 2u j / v — whih^Y1, ( 9 .1 .7 ) 

q ± = 4/[ (u v - f 3 w) h\ + (3 u v -f- w) hl - j- 4 u h\ 2 j / 3 (u v — w) h\h2 + 4 u j / v — w h\ h% 

=F 4 ^ ] / 3 (v - w)h2h3], 

I = A mn 

00 

- J <* - v r r - H * ) * 3 1 * t <•*• (9 .1 .8) 
0 

/ W 0 2 9 — 4 A 2 Fx+iß(r]) • F-x+win) / m o\ 
9 J ^ ) • ( 9 - L 9 ) 

E i n e T a b e l l e d e r n u m e r i s c h e n W e r t e v o n / (A, f ü r d i e w i c h t i g s t e n W e r t e v o n X u n d rj w i r d a m S c h l u ß 
i m A n h a n g g e g e b e n . A u s (9 .1 .5 ) b i s ( 9 .1 .9 ) lassen s ich al le Q > j k b e s t i m m e n . I n d e r P r a x i s i s t es g ü n s t i g , 
sie j e w e i l s a u f i h r e n N u l l f e l d w e r t Qkk{\ | = 0 ) = Qo,kk z u b e z i e h e n . 

W ä h r e n d d i e D i a g o n a l k o m p o n e n t e n Q > t a u n a b h ä n g i g v o m B e t r a g d e s M a g n e t f e l d e s s ind , w e r d e n d ie 
N i c h t d i a g o n a l k o m p o n e n t e n (<§ =t= t) p r o p o r t i o n a l z u H, f a l l s 3, t u n d t) l i n e a r u n a b h ä n g i g s ind . I n s b e s o n d e r e 
g i l t 

Q>, ü = c > , a — eopkCo > c > , ij = c>,ji > * * j * k * » ; h k z y k l i s c h . ( 9 . 1 .10 ) 

D i e C > j i s i n d K o n s t a n t e n e n t s p r e c h e n d d e n S ä t t i g u n g s w e r t e n d e r D i a g o n a l k o m p o n e n t e n . D a s n e g a t i v e 
V o r z e i c h e n v o r d e m H A L L - T e r m ist e ine F o l g e d e r f ü r p - L e i t u n g d u r c h g e f ü h r t e n R e c h n u n g (eo > 0 ) . 

S o n d e r f ä l l e 

I. Longitudinale Sättigung (3||t|| f)) 

W e g e n f) • (R) • f) = 3 b l e i b t 

= t t ' ( ( P e ) + (p+) + (P-) r 1 • t ) ] " 1 [qc + q+ + q-]-1 • ( 9 . 1 . 1 1 ) 



TESTARDI 6 g i b t d e n e n t s p r e c h e n d e n A u s d r u c k f ü r e in E l l i p s o i d an . L i e g t fy paral le l z u e i n e r d e r K r i s t a l l -
a c h s e n , s o f o l g t 

6> ,11 _ v ( l + u) (3 + uv/w) Q>,22 _ (1 + «)(! + 3 u v j w ) o>,33 _ v^ j^n 

0o,n ~~ 2w(l + 3uv/w) ' 5 0 , 2 2 — 2 w(3 + uv/w) ' go,33 ~ w' \ • • ) 

D e r ers te u n d d e r d r i t t e A u s d r u c k in ( 9 . 1 . 1 2 ) w u r d e n e b e n f a l l s bere i t s v o n TESTARDI a n g e g e b e n . 

I I . Transversale Sättigung (§ || t J_ f)) 

F ü r A c h s e n l a g e n d e r V e k t o r e n t u n d I) e r g i b t s i ch 

$ = ( 1 , 0 , 0 ) : 
g22(^l->°°) _ (1 ±U) (1 +3 UV/W) 

eo,22 ~ ~ 2 M (3 + uv/w) ' l ^ V ) ' 
Q33(Hi->oo) _ (1 — v/w) (1 — u v/w)2 1 + (uv/w) + 2v/w . 

00,33 — _ (3 + uv/w) (1 + 3 uv/w) + 3 + u v/w ' ^ ' W' 
f ) - ( 0 , 1 , 0 ) : ( 9 . 1 . 1 3 ) 

v(L + u) {3 + uv/w) 633(H2^OO) _ + 2u + uv/w) 
0 0 , 1 1 ~ 2w(l + 3uv/w) >' " O 0 , 3 3 _ W ( 1 + 3uv/w) i^'V)» 

f| = (0, 0 , 1 ) : 
011 ( # 3 022 ( # 3 ->00) ( 1 + t t ) 2 

f ( l v ) -
0 0 , 1 1 0 0 , 1 1 4 u 

I I I . Gemischte Komponenten für Achsenlagen von 3, t und t) 

C> 1 2 u n d C> 2 3 v e r s c h w i n d e n f ü r A c h s e n l a g e n d e s M a g n e t f e l d e s . E i n e A u s n a h m e b i l d e t C> 1 3 f ü r 
f) = ( 1 , 0 , 0 ) u n d $ = ( 0 , 1 , 0 ) . 

(, m n n\ Cl3(Hl-+°°) v(l—uv/w) / h = ( 1 , 0 , 0 ) : = — ,, , o yv — w, ' V ' ' / £»0,33 tt'(l+3ttl!/tti) K 

t. /n 1 n\ C i 3 ( ^ 2 - > o o ) v ( l — ttv/w) / . 
$ = ( 0 , 1 , 0 ) : — = - t* • / tf, 1?) • ( 9 .1 .14 ) 

I n t e r e s s a n t ist , d a ß d i e l o n g i t u d i n a l e n w i e a u c h d ie t r a n s v e r s a l e n S ä t t i g u n g s f o r m e l n a u s s c h l i e ß l i c h F u n k -
t i o n e n v o n u, v/w u n d / s i n d , d . h . v o n v u n d w n i c h t g e t r e n n t a b h ä n g e n . H i e r d a g e g e n k ö n n e n v u n d w 
a u s (9 .1 .14 ) a u c h e i n z e l n b e s t i m m t w e r d e n . W i l l m a n d i e W i n k e l a b h ä n g i g k e i t v o n S ä t t i g u n g s w e r t e n 
( t ransversa l ) m e s s e n , s o i s t d i e e i n z i g e K o m p o n e n t e m i t a u s r e i c h e n d e r V e r e i n f a c h u n g d i e j e n i g e para l l e l 
z u r b i n ä r e n A c h s e . 1) l i eg t d a n n in d e r d a z u s e n k r e c h t e n S p i e g e l e b e n e , a l so d e r 1 — 3 - E b e n e . 

9.2. Thermokraft 

D i e a l l g e m e i n e S ä t t i g u n g s f o r m e l is t 

_ k Ql'n 
a> ,ij — eo e0pc0 

( 9 . 2 .1 ) 

D i e S o n d e r f ä l l e 3 jj 11| f) ( l o n g i t u d i n a l ) u n d § || t _L f) ( t r a n s v e r s a l ) l ie fern h ier sehr e i n f a c h e A u s d r ü c k e . I m 
L o n g i t u d i n a l f a l l w i r d g r u n d s ä t z l i c h 

a>,M = ao, hh, ( 9 .2 .2 ) 

w o b e i ao , nh d e n G i n . (7 .2 ) f ü r H3 = 0 e n t n o m m e n w e r d e n k a n n . D i e t r a n s v e r s a l e n G r ö ß e n w e r d e n e b e n -
fal ls k o n s t a n t , j e d o c h b e i e i n e m a n d e r e n W e r t : 

« • . . ( • | t X W = 1 , ( 1 £ - $ - , ) . (9 .2 .3) 

E s ist b e m e r k e n s w e r t , d a ß (9 .2 .3 ) a u c h v o m S t r e u m e c h a n i s m u s v ö l l i g u n a b h ä n g i g i s t . L ä ß t s i ch d e r 
S ä t t i g u n g s w e r t m e s s e n , s o k a n n rj b e s t i m m t w e r d e n u n d d a m i t a u c h r e c h t b e q u e m d i e T e m p e r a t u r -
a b h ä n g i g k e i t d e s F E R M i - N i v e a u s 



9.3. Sättigung des Ladungsträgeranteils zur Wärmeleitfähigkeit 

tij = (k/eo)2 T • 2(qc + q+ + q.) l'02 - ^ ) hth} . ( 9 . 3 .1 ) 

I m L o n g i t u d i n a l f a l l k a n n m a n h ier d i e k o n s t a n t e L o R E N T Z - Z a h l 

d e f i n i e r e n , o d e r m a n b e z i e h t x> hh a u f d e n W e r t f ü r | § [ = 0 : 

= [f> • ((Pc) + ( p + ) + ( P - ) ) • f ) ] " 1 [ ? c + q+ + • (9-3-3) 

D a b e i ist (9 .3 .2) a u s s c h l i e ß l i c h e ine F u n k t i o n d e r P a r a m e t e r X u n d rj, w ä h r e n d (9 .3 .3 ) n u r v o n d e n pc,ij 
— ( a c r c ) a a b h ä n g t . D e r t r a n s v e r s a l e A n t e i l d e r W ä r m e l e i t f ä h i g k e i t ist p r o p o r t i o n a l z u n e g a t i v e n P o t e n -
z e n v o n | § | u n d v e r s c h w i n d e t d a h e r f ü r | § | - > oo . 

1 0 . Numerische B e s t i m m u n g der pc,ik 

Z u r U n t e r s u c h u n g d e r B a n d s t r u k t u r v o n p - B i 2 T e 3 l a g e n v i e r M a g n e t w i d e r s t a n d s k u r v e n f ü r v e r s c h i e d e n e 
M a g n e t f e l d - u n d M e ß r i c h t u n g e n v o r , v o n d e n e n z w e i d e u t l i c h S ä t t i g u n g z e i g t e n 1 4 . 

D i e v i e r m a g n e t f e l d a b h ä n g i g g e m e s s e n e n W i d e r s t a n d s k o m p o n e n t e n s ind 

O22 (H2) I ) — : L o n g i t u d i n a l f a l l ; H para l le l b i n ä r e A c h s e , 
00,22 

I I ) Q22{H\) . T r a n s v e r s a l f a l l ; H para l le l x - A c h s e ; 
00,22 r 

M e s s u n g para l l e l b i n ä r e A c h s e , 

I I I ) 0 u ( # 3 ^ _ T r a n s v e r s a l f a l l ; H para l l e l t r i g o n a l e A c h s e ; 00,11 
M e s s u n g para l l e l x - A c h s e . 

I V ) ^oo n " * l o n g i t u d i n a l f a l l ' H para l le l x - A c h s e . 

D a d i e m a x i m a l e F e l d s t ä r k e e t w a 180 k G b e t r u g , w u r d e n u r in d e n F ä l l e n I u n d I I S ä t t i g u n g e r r e i c h t . 
D i e W e r t e s ind 

0>,22 _ (1 + u) (1 + 3uv/w) _ 022(Hi —> 00) _ (1 + « ) ( ! + 3uv/w) 
00,22 _ 2u(3 + uv/w) - 1 ' 4 0 ' e o > 2 2 - 2tt(3 + uv/w) -IK^r]) - (lu.ij 

D a r a u s erhä l t m a n m i t rj — 3 ,7 a u s T a b . 1 d e s A n h a n g e s d e n W e r t A = 1,4. D i e z w e i t e L ö s u n g X— —1,4 
w i r d h ier a u s g e s c h l o s s e n , d a EFIMOVA U. a . 8 z e i g t e n , d a ß i n P r o b e n d ieser T r ä g e r d i c h t e b e i T e m p e r a t u r e n 
u m 100 ° K S t r e u u n g d u r c h i on i s i e r te S t ö r s t e l l e n d o m i n i e r t . A l s o so l l te A n a h e + 1 , 5 h e g e n . 

D i e erste d e r b e i d e n G i n . ( 10 .1 ) w i r d n o c h als B e z i e h u n g z w i s c h e n u u n d v/w b e i d e r A u s w e r t u n g d e r 
M e ß k u r v e I I I v e r w e n d e t . 

1 4 Die Messungen wurden von den Herren Dr. G . L A N D -

W E H R und P. D R A T H in der Physikalisch-Technischen 
Bundesanstalt Braunschweig ausgeführt und freund-
licherweise zur Verfügung gestellt. Die untersuchte 
Probe X X I I wurde bereits zur Bestimmung der Fein-

struktur be im SCHUBNIKOV-DE H A A S - E f f e k t 1 4 a ver -
wendet. 

14A G. LANDWEHR U. P. DRATH, Z. angew. Phys. 20/5, 
392 [1966]). Die Defektelektronendichte beträgt p = 
6,6 • 1018 c m - 3 und das reduzierte FERMI-Niveau bei 
7 7 ° K : rj = Z/kT = 3,1. 



U n t e r d e r A n n a h m e m a g n e t f e l d u n a b h ä n g i g e r 
Pc,ik w i r d u s o b e s t i m m t , d a ß d i e aus I I I g e w o n -
n e n e n pCt u - W e r t e ü b e r d e n g e s a m t e n M a g n e t f e l d -
b e r e i c h k o n s t a n t b l e i b e n . D i e h ier e x p l i z i t in d i e 
R e c h n u n g e n h i n e i n g e s t e c k t e A n n a h m e w u r d e b e i 
d e r B e s t i m m u n g v o n v a u s I V b e s t ä t i g t . D i e W e r t e 
z e i g t e n i n n e r h a l b d e r F e h l e r g r e n z e n k e i n e A b h ä n -
g i g k e i t v o n d e r F e l d s t ä r k e , w a s d e r Fa l l se in so l l te , 
w e n n d i e (<xcrc')ik = Pc,ik m a g n e t f e l d a b h ä n g i g s ind . 
D i e B e s t ä t i g u n g d i eser A n n a h m e , d i e in j e d e r der -
a r t i g e n B e h a n d l u n g d e s T r a n s p o r t p r o b l e m s s t e c k t , 
k o n n t e a u s K l e i n f e l d - D a t e n n i c h t g e w o n n e n w e r d e n . 

T a b . 2 i m A n h a n g e n t h ä l t alle b e i d e r A u s w e r t u n g 
e r m i t t e l t e n P a r a m e t e r . A u ß e r d e m w u r d e n D a t e n 
v o n D R A B B L E 3 u n d TESTARDI 6 h i n z u g e f ü g t . M i t d e n 
v o n DRABBLE a n g e g e b e n e n D a t e n 

ß(X, rj) = 0 , 8 8 1 3 , 

u - 8 , 4 1 6 , 

o n = 1 ,395 • 10~ 6 üm, 

< ? » > - ( I T V ^ C O = ° ' 2 4 ' 1 0 ~ 6 ( W B / M 2 ) _ 1 ' 

r0 = ro (X, rj) = E n t a r t u n g s p a r a m e t e r , 

s o w i e d e m v o n TESTARDI a n g e g e b e n e n M a s s e n t e n s o r 
w u r d e f ü r DRABBLES P r o b e 23 X u n d rj b e s t i m m t 
u n d d a m i t a u s p n d e r W e r t f ü r pCt n . A u s u, v u n d 
w f o l g e n d a n n al le ü b r i g e n pcjk f ü r d iese P r o b e . 

D i e D a t e n v o n TESTARDIS P r o b e s ind al le b is a u f 
X s e iner A r b e i t z u e n t n e h m e n . X w u r d e a u s 

p n (78 ° K ) = 2 , 3 • 1 0 - 6 Qm, rj = 3 , 6 5 

s o w i e d e n v o n i h m a n g e g e b e n e n pc,ik = {<^c^c')ik 

b e r e c h n e t . D e r u n g e w ö h n l i c h e W e r t A = — 0 , 0 2 3 , 
v e r b u n d e n m i t se inen u m e inen F a k t o r 10 h ö h e r e n 
r c i k l ä ß t e i n e n V e r g l e i c h m i t X X I I u n d P r o b e 23 
( w e g e n d e r e t w a g l e i c h e n T r ä g e r d i c h t e ) n i ch t zu . 
X X I I u n d P r o b e 23 l i e f ern d a g e g e n sehr ähn l i che 
W e r t e . DRABBLES P r o b e 19 w e i c h t j e d o c h na tur -
g e m ä ß s t ä r k e r v o n d i e s e n b e i d e n w e g e n d e r e r h e b -
l i ch g e r i n g e r e n T r ä g e r d i c h t e a b , w a s z u g e ä n d e r t e n 
rc ij f ü h r t . 

Herrn Professor Dr. M. K O H L E R möchte ich für die An-
regung sowie für die verständnisvolle Förderung meiner 
Arbeit herzlich danken. Mein Dank gilt ebenfalls Herrn Dr. 
G. L A N D W E H R und Herrn Dipl.-Ing. P. D R A T I I für die mir 
zur Auswertung überlassenen Widerstandsmeßkurven, für 
wertvolle Anregungen und Diskussionen. 

Anhang 

V / a = ± 0 , 5 U-± i / A _ ± 1 , 5 

—> — o o 1.1318 1.6667 3,3955 
- 1 1,1176 1,5811 2,9956 

0 1,1022 1,4934 2,6144 
1 1,0817 1,3805 2.1637 
2 1.0609 1,2749 1,7839 
3 1.0444 1.1948 1.5232 
4 1,0325 1,1394 1.3576 
5 1.0242 1.1020 1,2529 
6 1,0185 1.0768 1,1858 

Tab. 1. Entartungsparameter der transversalen Sättigung. 

Es gilt: /(A = 0) = lim /(A, rj) = 1. 
»)-»- + o o 

r(a) = Gamma-Funktion für das Argument a. 

V 
X 

u 1 

V 

IV 1 

.Pc.ll 4,44 
Pc, 22 43,6 
Pc, 3 3 6,93 
Pc, 1 3 3,63 

Probe 23 Probe 19 Probe 
X X I I v o n D R A B B L E 3 v o n T E S T A R D I 6 

3,7 5,1 1,8 3.65 
1,4 1,3 - 0 , 5 - 0 , 0 2 3 

9,81 8,416 6.254 6.8 
1,56 1,492 1,252 1,6 
0,82 0,962 1,134 0,497 

4,52. 127 . 62. 

1 0 - u . 3 1 ; ? 4 1 0 - s JUS 1 0 - » » « - 1 0 - » . 

3,36J 43,6J 65J 

Tab. 2. Probendaten. 


