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The low temperature heat capacities of 13 group IV chalcogenides are examined. 
The heat capacity of crystals with largely isotropic structure (GeTe, SnSe, SnTe, PbS, 
PbSe, PbTe) can be represented withi n __.3 ~ by a three-dimensional Debye function 
(03 = 205, 230, 175, 225, 150 and 130, respectively). The heat capacity of crystals with 
anisotropic structures (GeS, GeSe, SnS, GeS~ and SnS~) could only be represented 
by pairs of two-dimensional Debye functions for the longitudinal and transverse 
lattice vibrations (error +_0.5 to 3 ~;  Oz(l)= 505, 345, 400, 705, 480 and 570, re- 
spectively, and Oz(t) = 200, 185, 160, 175, 100 and 265, respectively). 

Since the two-dimensional Debye function has not been tabulated in detail, we 
offer in the appendix a five place table of it. Raman and infrared data support this 
analysis. 

Low temperature heat capacities are often well described by the Debye approach 
[1]. In extensive reviews [2, 3] it was shown earlier that a single 0-temperature 
could represent the heat capacity at constant volume for many elements and 
simple compounds adequately up to about 30. For two-dimensional and one- 
dimensional crystals, analogous two-dimensional and one-dimensional Debye 
functions can be derived [4 -6 ] .  The one-dimensional Debye function alone and 
in combination with a three-dimensional Debye function (Tarasov function) found 
widespread application in the description of heat capacities of  linear macromole- 
cules [7]. Two-dimensional Debye functions were used to described heat capac- 
ities for crystals with layer structures such as graphite and boron nitride [4, 6, 8]. 
Tables of  the Debye functions, which are somewhat cumbersome to calculate, 
are widely available for the three-dimensional case [9]. A one-dimensional Debye 
function table was published by us earlier [10]. Since there seems to be no tabula- 
tion [11 ] of  a precision two-dimensional Debye function table, we included such 
a table in the appendix. 

The class 1V chalcogenide crystals fall into two groups. One has a largely iso- 
tropic crystal structure, the other a layer-type structure. It  will be shown that the 
model for heat capacity description must take, as expected, this fact into account. 

Our initial interest in group IV chalcogenides arose from the study of vapor 
transport properties [12, 13]. For the interpretation of these, accurate values of  
enthalpies, entropies and Gibbs free energies are needed. Since heat capacities 
are usually not available to the lowest temperatures, we undertook the present 
study which includes 13 different group IV chalcogenides (see Table 1). 
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Application of the three-dimensional Debye function 

The analysis of  heat capacities of  group I V - V I  compounds below 200 K is 
based on five approximation methods: The addition of  contributions of  the 
constituent elements [14, 15], the use of  the Debye model [16-21] ,  the applica- 
tion of a combined Debye and Einstein model [14, 22, 23], the fit to the Tarasov 
model [16], and the approximation to an exponential function (Cp = AT ~) [16, 
18, 24]. Most of these analyses had little or no structural justification. 

We began our analysis with the application of the three-dimensional Debye model 

Cv = 9 Nk  4 [ ~ J  3' '~'  f x3dx OJT 
[0z)  J e ~ -  1 e (o"/T- 1 (1) 

0 

or abbreviated, for one mole of  vibrators 

Cv = 3RD3(O3/T) (2) 

The expression D(Oz/T) is the three-dimensional Debye function, 03 is the three- 
dimensional Debye temperature, and x represents hv/kT. The relationship between 
the measured C o and Cv is 

Cp - C,, = c~2VT/k (3) 

where ~ is the isothermal expansivity, K is the isothermal compressibility and V 
is the molar volume of the solid. Since c~ and K are not commonly measured, and 
are not available for the group IV chalcogenides, we assume as a first approxima- 

e3 I ~00 

, _- - GeS 

3oo~- S 

200 ~ ~ SnS 

,o 

Temperature , K 
Fig. 1. 0 3 as a function of temperature for group IV monochalcogenides. 0 a was calculated 

from Cp 
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A 
03 

500 - ~ 2  

400 ~ , ~ / J ~ ' ~ z  

30( ~ ez 

20( I 1 I 100 200 300 
Temperoture, K 

Fig. 2. 0a as a function of temperature for group IV i dichalcogenides. 103 was  calculated'from Cp 

tion, that up to 300 K Cp is essentially equal to'Cv. A plot of calculated 08 values 
from the experimental Cp values for the various group IV chalcogenides is shown 
in Figs 1 and 2. All group IV chalcogenides show considerable variation in 03 
with temperature, as indication of serious shortcomings of the approach, The 
decrease in 08 wi~h increasing temperature occurs when Cp approaches the upper 
limit for C v of fiR for binary compounds or of 9R for ternary compounds. In this 
temperature range the 0~ calculation is particularly sensitive to the difference 
between Cp and C v. As a second approximation we employed several methods to 
estimate the Cp - C v difference and corrected the 03 calculation. A commonly 
used approximation was introduced by Nernst and Lindemann [25]. For elements 
and ionic solids they suggest 

G - G = (4) 

where T m is the melting temperature and Ao is a constant determined to be 5.12 x 
x 10 -s K mol/J. (Note that this constant is defined per mole of atoms.) Nernst 
and Lindemann show in their listed values of A0 a variation from 2.4 x 10 -8 to 
9.6 x 10 -8 K mol/J [25]. Changing the experimental Cp values with the help of 
Eq. 4 into C v leads to the 03 values plotted in Figs 3 and24. Some of the mono- 
chalcogenides show now a largely constant 08 value with only minor fluctuations 
(particularly the lead chalcogenides, GeSe and SnS), while GeS and the dichalco- 
genides (Fig. 4) still show extensive variation of 03 with temperature. 

As mentioned above, the error in A0 is about _+ 50 %. Allowing A0 to go to its 
upper limit, Cp - C v was recalculated and 03 values obtained. These are shown 
in Figs 5 and 6. In this case, 03 is practically temperature independent for the 
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03! C~S 

SnS 

300 

, oo "- \ " 
Temperature  ~ K 

Fig. 3. 0a as a function of  temperature for group IV monochalcogenides.  @~ was calculated 
from Cv using the Nernst- -Lindemann approximation with Ao ---- 5.12 x 10 -G K. mol/J 

G3 

z~OC 

30( 

20( 

GeSe z 

~oo--%Q 200 ~~J~ 
Temperature ~ K 

Fig. 4. 03 as a function of  temperature for group IV dichalcogenides. 0~ was calculated from 
Cv determined by the Nernst- -Lindemann approximation with A0 -- 5 .12x  10 -6 K mol/J 

a d d i t i o n a l  c o m p o u n d s  GeTe and SnSe. The previously shown temperature inde- 
pendence of 0~ for GeSe and SnS (Fig, 3) now reveals a considerable increase o f  
0~ with temperature. The corresponding behaviour of the dichalcogenides is even 
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500 I 

300 -- 

y GeSe 
SnSeA 

�9 _ PbS ~ . ~  

2 0 0 p k , ~  : : OeTe . .  

1001 - I _ _ _ I , -  0 100 200 
T e r n p e r c l l u r e  ~ K 

Fig. 5. 08 as a function of  temperature for group IV monochalcogenides. Os was calculated 
from Cv determined by the Nernst-- Lindemann approximation with A0 ---- 1.02• 10 -~ K mol/J 

03 A / G e S  2 

600 

500 - / ~ r  eSez 
�9 ~ S n S e z  

30 

.~o ~" ~'o " 
T e m p e r a t u r e  ~ K 

Fig, 6. 08 as a function of  temperature for group IV dichalcogenides. 08 was calculated from 
Cv determined by the Nernst--Lindemann approximation with Ao = 1;02X 10 -2 K mol/J 
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more pronounced (Fig. 6). To test the validity of the N e r n s t -  Lindemann approxi- 
mation, we looked for experimental data to use in Eq. 3. Data were only available 
for GaSe [26], which exhibits a layer-type crystal structure similar to some group 
IV compounds. The Cp - Cv difference was found to be about one half the value 
predicted by the Nerns t -L indemann  equation. (Note that values calculated by 
Aliev et  al. [26] for GaSe using the Nerns t -L indemann  expression are too large 
by a factor of two since they use A0 "per atom" and C o "per molecule".) Still, 
the values for Cp - C v are within the rather wide error margin of the constant A0. 

While the difference between Cp and C v can be used to explain the curvature 
in some of the 0a vs. T curves at high temperature, no reasonable change in A0 
can be found to eliminate the steep drop in 03 at low temperature for GeS and the 
dichalcogenides. Thus, 03 cannot be used as an extrapolation for their low tem- 
perature heat capacities. Table 1 lists the 03 values only for crystals whose heat 
capacities can be adjusted to yield an approximately constant 03 value with reason- 
able values for A 0. 

Two-dimensional Debye functions 

The group IV chalcogenides vary in crystal structure from cubic, covalently 
bonded structures such as SnTe [27] to orthorhombic, layer-type structures of 
GeS2 and GeSe2 [28]. The compounds GeS, GeSe and SnS occupy an inter- 
mediate position, since they exhibit layer-type structures at low temperatures, 
but either transform to cubic symmetry (GeSe [29]) or approach a more isotropic 
structure (GeS [30], SnS [31, 32]) with increasing temperature. For the series of 
compounds, GeS, GeSe, SnS and SnSe, X-ray diffraction studies [32] have shown 
that the degree of anisotropic character decreases in the following order 

GeS ~ GeSe > SnS ~ SnSe >> GeTe > SnTe. 

It is apparent that only Cp of the more isotropic compounds can be approximated 
by the three-dimensional Debye function. 

A comparison can now be made between the layer-type structures of some group 
I V - V I  compounds and graphite. The orthorhombic studies of some monochalco- 
genides (GeS, GeSe, SnS, SnSe) consist of sets of  double-layers with strong 
primary bonding within the double-layers and weak, secondary bonding between 
adjacent sets of double layers [27, 29, 32]. A more detailed discussion of the 
structures of the above monochalcogenides is found elsewhere [32]. The dichalco- 
genides exhibit either an orthorhombic double-layer structure (GeS2 and GeS%) 
[28] or a hexagonal Cdl2-type structure (SnS2 and SnS%) [32] composed of sets 
of triple-layers. With respect to the layer-type structure of graphite, the heat 
capacity of the layer-type I V - V I  compounds could be expected to show a similar 
behaviour. 

The heat capacity of graphite cannot be approximated by standard Debye 
theory, and as early as 1911 Nernst [35] suggested two "Einstein temperatures" 

J. Thermal Anal. 21, 198l 



316 GAUR et al.: HEAT CAPACIT[ES 

instead of a single characteristic temperature to be used. Tarasov [4] suggested 
a two-dimensional Debye function to describe the heat capacity behavior of graph- 
ite. This method was modified by several authors [6, 36], culminating in the 
extension of the Debye theory by Krumhansl and coworkers [8]. Simply stated, 
the lattice vibrations were divided into the transverse and longitudinal vibrations. 
Because of the strong anisotropy of graphite the transverse vibrations are expected 
to be of higher frequency. The overall expression for heat capacity is thus 

Cvr=','R[Dz[~}+ 2D2 [ 0~2T(/-) ) ] ,  (6) 

where Dz(O2/T) is the two-dimensional Debye function 

O sl T 

D2 = 2 ~ -(e * _ l) z dx (7) 
0 

Besides for graphite and boron nitride, D2 fits have been attempted to interpret 
heat capacities of some layered organocopper compounds [37]. Measured graph- 
ite heat capacities (Cp) can be fitted to this combination D2 function from 
0-1000 K, partially due to the small difference between Cp and Cv for graphite. 
In attempting to fit group IV chalcogenides to Eq. 7, C v values calculated by 
the Nernst-Lindemann approximation were used. New tables were generated 
for OJTfrom 0.00 to 17.50 in increments of 0.0l. These are shown in the appendix. 
The resulting values of O~(1) and 02(0 for the layer-type crystals of the group IV 
chalcogenides are shown in Table 1. All listed 02-temperatures yielded C v values 
in the temperature range 50-250 K within _+3%. Note that while 0z is fairly 
constant with temperature for GeSe and SnS, the Cv data for these compounds 

A 
q 

800 
~ |  

750-- . ~ ( t ) = 1 7 5  

"~8(t)=200 

I _ 6 o o ~  ~ f 100 150 200 
Temperature ~ K 

Fig, 7. The variation of  02( t )  with temperature  for a given 02(I ) for  GeS2 
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can still be fitted to the two-dimensional expression with good results. Other 
compounds (such as GeTe) cannot be fitted to the two-dimensional form with 
any degree of agreement. For these only 02 data were listed in Table 1. Figure 7 
shows the effect of choosing different values of 02(0 for GeS2. It is apparent that 
within narrow limits the 02 temperatures are fixed. 

Discussion 

Considering only the measured heat capacities of group I V - V I  compounds, 
it was possible to decide on a three- or two-dimensional Debye function fit. 
In this discussion it is attempted to correlate the two-dimensional Debye constants 
with the actual crystal structure of these compounds. 

Raman and infrared spectroscopy [38-43] have been used to determine the 
relative strength of intralayer and interlayer bonding in group IV monochalco- 
genides and other layered compounds. Using the ratio of intralayer to interlayer 
force constants as a measure of anisotropy of the crystal structure, the degree of 
anisotropy is estimated to decrease in the following order [38, 39, 41], 

GeSe >~ GeS > SnS > SnSe. (8) 

The overall trend of decreasing anisotropy is in agreement with that based on 
the consideration of structural data (Eq. 5) [33]. The above trend (Eq. 8) is con- 
sistent with the data in Table I, which show that 02(0 for all two-dimensional fits 
is greater than 02(0. Since 02 is related to vibrations within the solid by the 
expression 

02(l, t) = v(l, t)h/k, (9) 

the greater 02(0 indicates a larger intralayer frequency (thus larger force constant) 
relative to the interlayer frequency (02(0). 

SnS2 and SnSe2 are even more layer-like, with estimates of the force constant 
ratio being of the order of 100 [42]. Spectroscopic data for GeS2 and GeSe2 are 
not available, but using their structure for an estimate, the force constant ratio 
of these compounds would probably be between that of SnS2 and of the mono- 
chalcogenides. ~' ' 

Thus, all heat capacities which could be fitted t o  a two-dimensional Debye 
function exhibit layer-type structures, and the relative values of 02(l)~and 02(0 
axe in agreement with the expected values for layer-type structures. Unfortunately, 
a more quantitative comparison of observed spectroscopic vibrations to 02(1) 
and 02(t) is prohibited due to a lack of such data for GeS2 and GeSe2 and due 
to orientation dependencies of spectroscopic vibrations. However, the evidence 
presented suggests that the two-dimensional solutions are related to the vibrational 
modes of these I V - V I  compounds. 

J. Thermal Anal  21, 1981 
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RC'SUMI~ -- On a examin6 les capacit6s calorifiques/t  basses temp6ratures de 13 chalcogdnure 
du groupe IV. Les capacitds calorifiques des cristaux de structures pr incipalement  isotrope 
(GeTe, SnSe, SnTe, PbS, PbSe, PbTe) peuvent 6tre repr6sentdes /t _+ 3 ~ ,  par  une fonction 
Debye ~t trois dimensions (03 ---= 205, 230, 175, 225, 150 et 130 respectivement). Les capacit6s 
calorifiques des cristaux 5. structures anisotropes (GeS, GeSe, SnS, GeS2, GeSe2 et SnS2) ne 
peuvent 6tre repr6sent6es que par  des paires de fonctions Debye / i  deux dimensions, pour  les 
vibrations du rdseau longitudinales et transversales (erreur de + 0 , 5  h 3 ~o; 02(1) = 505, 345, 
400, 705, 480 et 570, et 02(t ) = 200,185, 160, 175, 100 et 265). 

Comme il n'existe pas de tableaux d6taill6s pour  la fonction Debye h deux dimensions les 
auteurs donnent  en appendice un tableau/ l  cinq positions. Des donn6es Raman  et infrarouges 
sont fournies/ t  l 'appui de cette analyse. 

ZUSAMMENFASSUNG - -  Die W~rmekapazitat  bei niedrigen Temperaturen wurde for 13 Chalco- 
genide der Gruppe IV untersucht. Die W/irmekapazitiit der Kristalle yon hauptsiichlich isto- 
troper Struktur (GeTe, SnSe, SnTe, PbS, PbSe, PbTe) kann innerhalb yon _ 3 ~ durch eine. 
dreidimensionale Debye-Funkt ion dargestellt werden (03 = 205, 230, 175, 225, 150 bzw. 
130). Die W~irmekapazitiit yon Kristallen anisotroper Struktur (GeS, GeSe, SnS, GeS2, GeSe2 
und SnSe) konnte  fiir longitudinale und transversale Git tervibrat ionen nur dutch  Paare zwei- 
dimensionaler Debye-Funkt ionen dargestellt werden (Fehler: --+ 0,5 bis 3 ~ ;  02(l) = 505, 345 
400, 705, 480 bzw. 570 und 0.2( 0 ---- 200, 185, 160, 175, 100 bzw. 265). 

Da die zweidimensionale Debye-Funkt ion nicht in allen Einzelheiten tabellarisiert worden 
ist, wird im Anhang  eine fiinfstellige Tafel dafiir gegeben. Raman-  und Infrarot -Angaben 
bestiitigen diese Analyse. 

Pe31oMe - -  I4ccne~OBaHbl HH3KOTeMnepaTypHble TeH.rIOeMKOCTH 13 xa~bKorenrt~OB rpynnbt IV. 
TenaoeMrOCTb rprlcTan~oa 6o~IblUOft I~3OTpOnHO~ cTpyrTypbI (GeTe, SnSe, SnTe, PbS, PbSe, 
PbTe) i o x e T  6btTb npe~cTaBaena c otun6roi~ + 3~/oo Tpexpa3iepHo~ ~e6aeacKo~ qbyHKtme~ 
(0 a = 205, 230, 175, 225, 150 r~ 130, COOTBeTCTBeI~HO). TenJIOeMKOCTJ, I~prlcTannoB c anrt3o- 
TponHOl~ cTpyKTypo~ (GeS, GeSe, SnS, GeS2, GeSe 2, ri SnSz) MoxeT 6/~iTb Ilpe~cTaBJIesa 
TOnbKo napo~ ~Byxpa3Mepnbix ~e6aeBcKHx qbyHKI~I,I~ JLrI.q npoztO.llbHbIX I,I Ilonepe~tnbix KOSle6a- 
nni~ pemeTKri (omo6Ka OT +0.5  ~O 3~o; 02 (npo~.) = 505, 345, 400, 705, 480 rt 570 ~aa COOT- 
aeTcTByromrtx coe~nnenn~, a 03 (non.) = 200, 185, 160, 175, 100 r~ 265). Ilocron1,ry ~Byxpaa- 
MepHa~ lle6aeBcKa~t qbyHKlXFffl J1eTa.ql,HO paHee He 6~,isla IIpHBe)IeHa, aBTopbi IIpI4BO~IT ee B 
nprlnomen~lri. I/IK cneKTpbI n cneKTpbl KOM6HHaIIBOHHOFO paccegH~lg HO,~,TBepx~aIOT npoBelleH- 
Hm~ aHan~i3 TenJ~OeMKOCTe~. 

J. Thermal Anal 21, 1981 



320 G A U R  et aL: H E A T  C A P A C I T I E S  

Appendix 

The following table (Table 2) of Cv/3R as a function of 02/T as given by the two- 
dimensional Debye function was calculated using Eq. 7 of the text. The computer 
program was based on "Simpson Rule" which states that by breaking the range 
of the definite integral (a <_x<_b) into 2n intervals of length h = ( b -  a)/2n, 
then approximately, 

b 

I f(x)dx = ~ [f(x0) + 4f(xl) + 2f(x2) + 4f(xz) + . . .  
i 

a. 

+ 2f(x2._2 + 4f(x2._l + f(x2~)]. (la) 

The number of intervals was chosen to be 100, which leads to an error of less 
than +0.000001 over the whole range of O~/T. Above O=/T = 17.50 the two dimen- 
sional Debye function is represented to better than +__ 0.02 ~o by the low tempera- 
ture approximation: 

Da(O/T) = 14.42468/(0/T) 2 (2a) 

J. Thermal Anal. 21. 1981 



T
ab

le
 2

 

T
w

o
-d

im
en

si
o

n
al

 D
eb

y
e 

fu
n

ct
io

n
 

T
w

o
-d

im
en

si
o

n
al

 
D

eb
y

e 
fu

n
ct

io
n

 C
v]

3R
 

T
h

et
a/

T
 

0.
00

 
0.

01
 

0.
02

 
0.

03
 

0.
04

 
0.

05
 

0.
06

 
0.

07
 

0.
08

 
0.

09
 

0.
00

 
0.

10
 

0.
20

 
0.

30
 

0.
40

 
0.

50
 

0.
60

 
0.

70
 

0.
80

 
0.

90
 

1.
00

 
1.

10
 

1.
20

 
1.

30
 

1.
40

 
1.

50
 

1.
60

 
1.

70
 

1.
80

 
1.

90
 

2.
00

 
2.

10
 

2.
20

 
2.

30
 

2.
40

 
2.

50
 

2.
60

 
2.

70
 

2.
80

 

1.
00

00
0 

0.
99

95
8 

0.
99

83
3 

0.
99

62
5 

0.
99

33
6 

0.
98

96
6 

0.
98

51
7 

0.
97

99
1 

0.
97

38
9 

0.
96

71
3 

0.
95

96
8 

0.
95

15
4 

0.
94

27
6 

O
.9

33
36

 
0.

92
33

7 
0.

91
28

3 
0.

90
17

8 
0.

89
02

6 
0.

87
82

9 
0.

86
59

2 
0.

85
31

7 
0.

84
01

0 
0.

82
67

4 
0.

81
31

2 
0.

79
92

8 
0.

78
52

5 
0.

77
10

7 
0.

75
67

7 
0.

74
23

8 

0.
99

99
9 

0.
99

94
9 

0.
99

81
6 

0.
99

60
0 

0.
99

30
3 

0.
98

92
5 

0.
98

46
8 

0.
97

93
4 

0.
97

32
4 

0.
96

64
2 

0.
95

88
9 

0.
95

06
9 

0.
94

18
4 

0.
93

23
8 

0.
92

23
4 

0.
91

17
5 

0.
90

06
5 

0.
88

90
8 

0.
87

70
7 

0.
86

46
6 

0.
85

18
8 

0.
83

87
8 

0.
82

53
9 

0.
81

17
5 

0.
79

78
8 

0.
78

38
4 

0.
76

96
5 

0.
75

53
4 

0.
74

09
4 

0.
99

99
7 

0.
99

93
9 

0.
99

79
8 

0.
99

57
4 

0.
99

26
8 

0.
98

88
3 

0.
98

41
8 

0.
97

87
6 

0.
97

25
9 

0.
96

57
0 

0.
95

81
0 

0.
94

98
4 

0.
94

09
3 

0.
93

14
0 

0.
92

13
1 

0.
91

06
7 

0.
89

95
2 

0.
88

79
0 

O
.8

75
84

 
0.

86
34

0 
0.

85
05

8 
0.

83
74

5 
0.

82
40

4 
0.

81
03

7 
0.

79
64

9 
0.

78
24

3 
0.

76
82

2 
0.

75
39

0 
0.

73
95

0 

0.
99

99
5 

0.
99

92
9 

0.
99

77
9 

0.
99

54
7 

0.
99

23
4 

0.
98

84
0 

0.
98

36
7 

0.
97

81
8 

9.
97

19
4 

0.
96

49
7 

0.
95

73
1 

0.
94

89
7 

0.
94

00
0 

0.
93

04
2 

0.
92

02
7 

0.
90

95
7 

0.
89

83
8 

0.
88

67
1 

0.
87

46
2 

0.
86

21
3 

0.
84

92
9 

0.
83

61
2 

0.
82

26
8 

0.
8O

89
9 

0.
79

50
9 

0.
78

10
1 

0.
76

67
9 

O
.7

52
46

 
0.

73
80

6 

0.
99

99
3 

0.
99

91
8 

0.
99

76
0 

0.
99

51
9 

0.
99

19
8 

0.
98

79
6 

0.
98

31
6 

0.
97

75
9 

0.
97

12
7 

0.
96

42
4 

0.
95

65
0 

0.
94

81
0 

0.
93

90
7 

0.
92

94
3 

0.
91

92
2 

0.
90

84
7 

0.
89

72
3 

0.
88

55
2 

0.
87

33
9 

O
.8

6O
86

 
0.

84
79

8 
0.

83
47

9 
0.

82
13

2 
0.

80
76

1 
0.

79
36

9 
0.

77
96

0 
0.

76
53

6 
0.

75
10

3 
O

.7
36

61
 

0.
99

98
9 

0.
99

90
6 

0.
99

73
9 

0.
99

49
1 

0.
99

16
1 

0.
98

75
2 

0.
98

26
3 

0.
97

69
9 

0.
97

06
0 

0.
96

34
9 

0.
95

56
9 

0.
94

72
3 

0.
93

81
3 

0.
92

84
3 

0.
91

81
7 

0.
90

73
7 

0.
89

60
8 

0.
88

43
3 

0.
87

21
5 

0.
85

95
9 

0.
84

66
8 

0.
83

34
6 

0.
81

99
6 

0.
80

62
2 

0.
79

22
9 

0.
77

81
8 

0.
76

39
3 

0.
74

95
9 

0.
73

51
7 

0.
99

98
5 

0.
99

89
3 

0.
99

71
8 

0.
99

46
2 

0.
99

12
4 

0.
98

70
6 

0.
98

21
0 

0.
97

63
8 

0.
96

99
2 

0.
96

27
4 

0.
95

48
8 

0.
94

63
5 

0.
93

71
9 

0.
92

74
3 

0.
91

71
1 

0.
90

62
6 

0.
89

49
2 

0.
88

31
3 

0.
87

09
1 

0.
85

83
1 

0.
84

53
7 

0.
83

21
2 

0.
81

86
0 

0.
80

48
4 

0.
79

08
8 

0.
77

67
6 

0.
76

25
0 

0.
74

81
5 

O
.7

33
72

 

0.
99

97
9 

0,
99

87
9 

0.
99

69
6 

0,
99

43
1 

0.
99

08
6 

0.
98

66
0 

0.
98

15
7 

0.
97

57
7 

0.
96

92
4 

0.
96

19
9 

0.
95

40
5 

0.
94

54
6 

0.
93

62
4 

0.
92

64
3 

0.
91

60
5 

0.
90

51
5 

0.
89

37
6 

0.
88

19
2 

0.
86

96
7 

0.
85

70
3 

0.
84

40
6 

0.
83

07
8 

0.
81

72
3 

0.
80

34
5 

O
.7

89
48

 
O

.7
75

34
 

0.
76

10
7 

0.
74

67
1 

0.
73

22
8 

0.
99

97
3 

0.
99

86
4 

0.
99

67
3 

0,
99

40
0 

0.
99

04
6 

0.
98

61
3 

0.
98

10
2 

0.
97

51
5 

0.
96

85
4 

0.
96

12
2 

0.
95

32
2 

0.
94

45
6 

0.
93

52
8 

0.
92

54
1 

0.
91

49
9 

0.
90

40
4 

0.
89

26
0 

0.
88

07
2 

0.
86

84
2 

0.
85

57
5 

0.
84

27
4 

0.
82

94
4 

0.
81

58
6 

0.
80

20
6 

O
.7

88
07

 
O

.7
73

92
 

0.
75

96
4 

0.
74

52
7 

0.
73

08
3 

0.
99

96
6 

0.
99

84
9 

0.
99

65
0 

0,
99

36
9 

0.
99

00
7 

0.
98

56
6 

O
.9

80
47

 
0.

97
45

2 
0.

96
78

4 
O

.9
6O

45
 

0.
95

23
9 

0.
94

36
6 

0.
93

43
2 

0.
92

43
9 

0.
91

39
1 

0.
90

29
1 

0.
89

14
3 

0.
87

95
0 

0.
86

71
7 

0.
85

44
7 

0.
84

14
2 

0.
82

80
9 

0.
81

44
9 

0.
8O

06
7 

0.
78

66
6 

0.
77

24
9 

0.
75

82
1 

0.
74

38
3 

0.
72

93
9 



t~
 

T
w

o
-d

im
en

si
o

n
al

 D
eb

y
e 

fu
n

ct
io

n
 

T
w

o-
di

m
en

si
on

al
 D

eb
ye

 f
un

ct
io

n 
C

v/
3R

 
T

he
ta

/T
 

0.
00

 
0.

01
 

0.
02

 
0.

03
 

0.
04

 
0.

05
 

0.
06

 
0.

07
 

0.
08

 
0.

09
 

2.
90

 
3.

00
 

3.
10

 
3.

20
 

3.
30

 
3.

40
 

3.
50

 
3.

60
 

3.
70

 
3.

80
 

3.
90

 
4.

00
 

4.
10

 
4.

20
 

4.
30

 
4.

40
 

4.
50

 
4.

60
 

4.
70

 
4.

80
 

4.
90

 
5.

00
 

5.
10

 
5.

20
 

5.
30

 
5.

40
 

5.
50

 
5.

60
 

5.
70

 

0.
72

79
4 

0.
71

34
6 

0.
69

89
9 

0.
68

45
4 

0.
67

01
3 

0.
65

58
0 

0.
64

15
6 

0.
62

74
3 

0.
61

34
4 

0.
59

95
9 

0.
58

59
1 

0.
57

24
0 

0.
55

90
8 

0.
54

59
6 

0.
53

30
5 

0.
52

03
6 

0.
50

79
0 

0.
49

56
6 

0.
48

36
7 

0.
47

19
2 

0.
46

04
1 

0.
44

91
5 

0.
43

81
4 

0.
42

73
7 

0.
41

68
6 

0.
40

66
0 

0.
39

65
9 

0.
38

68
2 

0.
37

73
0 

0.
72

64
9 

0.
71

20
1 

0.
69

75
4 

0.
68

30
9 

0.
66

87
0 

0.
65

43
7 

0.
64

01
4 

0.
62

60
3 

0.
61

20
5 

0.
59

82
1 

0.
58

45
5 

0.
57

10
6 

0.
55

77
6 

0.
54

46
6 

0.
53

17
7 

0.
51

91
0 

0.
50

66
6 

0.
49

44
5 

0.
48

24
8 

0.
47

07
5 

0.
45

92
7 

0.
44

80
4 

0.
43

70
5 

0.
42

63
1 

0.
41

58
3 

0.
40

55
9 

0.
39

56
0 

0.
38

58
6 

0.
37

63
6 

0.
72

50
4 

0.
71

05
7 

0.
69

60
9 

0.
68

16
5 

0.
66

72
6 

0.
65

29
4 

0.
63

87
3 

0.
62

46
2 

0.
61

06
6 

0.
59

68
4 

0.
58

31
9 

0.
56

97
2 

0.
55

64
4 

0.
54

33
6 

0.
53

05
0 

0.
51

78
5 

0.
50

54
3 

0.
49

32
5 

0.
48

13
0 

0.
46

96
0 

0.
45

81
4 

0.
44

69
2 

0.
43

59
6 

0.
42

52
5 

0.
41

47
9 

0.
40

45
8 

0.
39

46
2 

0.
38

49
0 

0.
37

54
3 

0.
72

36
0 

0.
70

91
2 

0.
69

46
5 

0.
68

02
1 

0.
66

58
2 

0.
65

15
2 

0.
63

73
1 

0.
62

32
2 

0.
60

92
7 

0.
59

54
7 

0.
58

18
3 

0.
56

83
8 

0.
55

51
2 

0.
54

20
6 

0.
52

92
2 

0.
51

66
0 

0.
50

42
0 

0.
49

20
4 

0.
48

01
2 

0.
46

84
4 

0.
45

70
0 

0.
44

58
2 

0.
43

48
8 

0.
42

42
0 

0.
41

37
6 

0.
40

35
7 

0.
39

36
3 

0.
38

39
4 

0.
37

44
9 

0.
72

21
5 

0.
70

76
7 

0.
69

32
0 

0.
67

87
7 

0.
66

43
9 

0.
65

00
9 

0.
63

59
0 

0.
62

18
2 

0.
60

78
8 

0.
59

41
0 

0.
58

04
8 

0.
56

70
5 

0.
55

38
1 

0.
54

07
7 

0.
52

79
5 

0.
51

53
5 

0.
50

29
8 

0.
49

08
4 

0.
47

89
4 

0.
46

72
8 

0.
45

58
7 

0.
44

47
1 

0.
43

38
0 

0.
42

31
4 

0.
41

27
3 

0.
40

25
7 

0.
39

26
5 

0.
38

29
9 

0.
37

35
6 

0.
72

07
0 

0.
70

62
2 

0.
69

17
6 

0.
67

73
3 

0.
66

29
6 

0.
64

86
7 

0.
63

44
8 

0.
62

04
2 

0.
60

65
0 

0.
59

27
3 

0.
57

91
3 

0.
56

57
1 

0.
55

25
0 

0.
53

94
8 

0.
52

66
8 

0.
51

41
0 

0.
50

17
5 

0.
48

96
4 

0.
47

77
6 

0.
46

61
3 

0.
45

47
5 

0.
44

36
1 

0.
43

27
3 

0.
42

20
9 

0.
41

17
0 

0.
40

15
6 

0.
39

16
8 

0.
38

20
3 

0.
37

26
3 

0.
71

92
6 

0.
70

47
8 

0.
69

03
1 

0.
67

58
9 

0.
66

15
2 

0.
64

72
5 

0.
63

30
7 

0.
61

90
2 

0.
60

51
1 

0.
59

13
6 

0.
57

77
8 

0.
56

43
8 

0.
55

11
8 

0.
53

81
9 

0.
52

54
1 

0.
51

28
6 

0.
50

05
3 

0.
48

84
4 

0.
47

65
9 

0.
46

49
8 

0.
45

36
2 

0.
44

25
1 

0.
43

16
5 

0.
42

10
4 

0.
41

06
8 

0.
40

05
6 

0.
39

07
0 

0.
38

10
8 

0.
37

17
1 

0.
71

78
1 

0.
70

33
3 

0.
68

88
7 

0.
67

44
5 

0.
66

00
9 

0.
64

58
2 

0.
63

16
6 

0.
61

76
2 

0.
60

37
3 

0.
58

99
9 

0.
57

64
3 

0.
56

30
5 

0.
54

98
8 

0.
53

69
0 

0.
52

41
4 

0.
51

16
1 

0.
49

93
1 

0.
48

72
4 

0.
47

54
2 

0.
46

38
3 

0.
45

25
0 

0.
44

14
1 

0.
43

05
8 

0.
41

99
9 

0.
40

96
5 

0.
39

95
7 

0.
38

97
3 

0.
38

01
3 

0.
37

07
8 

0.
71

63
6 

0.
70

18
8 

0.
68

74
2 

0.
67

30
1 

0.
65

86
6 

0.
64

44
0 

0.
63

02
5 

0.
61

62
3 

0.
60

23
5 

0.
58

86
3 

0.
57

50
9 

0.
56

17
3 

0.
54

85
7 

0.
53

56
2 

0.
52

28
8 

0.
51

03
7 

0.
49

80
9 

0.
48

60
5 

0.
47

42
5 

0.
46

26
9 

0.
45

13
8 

0.
44

03
2 

0.
42

95
1 

0.
41

89
5 

0.
40

86
3 

0.
39

85
7 

0.
38

87
6 

0.
37

91
9 

0.
36

98
6 

0.
71

49
1 

0.
70

04
3 

0.
68

59
8 

0.
67

15
7 

0.
65

72
3 

0.
64

29
8 

0.
62

88
4 

0.
61

48
3 

0.
60

09
7 

0.
58

72
7 

0.
57

37
4 

0.
56

04
0 

0.
54

72
6 

0.
53

43
3 

0.
52

16
2 

0.
50

91
3 

0.
49

68
8 

0.
48

48
6 

0.
47

30
8 

0.
46

15
5 

0.
45

02
6 

0.
43

92
3 

0.
42

84
4 

0.
41

79
0 

0.
40

76
2 

0.
39

75
8 

0.
38

77
9 

0.
37

82
4 

0.
36

89
4 



~
a 

5.
80

 
5.

90
 

6.
00

 
6.

10
 

6.
20

 
6.

30
 

6.
40

 
6.

50
 

6.
60

 
6.

70
 

6.
80

 
6.

90
 

7.
00

 
7.

10
 

7.
20

 
7.

30
 

7.
40

 
7.

50
 

7.
60

 
7.

70
 

7.
80

 
7.

90
 

8.
00

 
8.

10
 

8.
20

 
8.

30
 

8.
40

 
8.

50
 

8.
60

 
8.

70
 

8.
80

 
8.

90
 

9.
00

 
9.

10
 

0.
36

80
2 

0.
35

89
9 

0.
35

01
9 

0.
34

16
2 

0.
33

32
8 

0.
32

51
7 

0.
31

72
8 

0.
30

96
1 

0.
30

21
5 

0.
29

48
9 

0.
28

78
4 

0.
28

10
0 

0.
27

43
4 

0.
26

78
8 

0.
26

15
9 

0.
25

54
9 

0.
24

95
7 

0.
24

38
1 

0.
23

82
3 

0.
23

28
0 

0.
22

75
3 

0.
22

24
1 

0.
21

74
4 

0.
21

26
1 

0.
20

79
2 

0.
20

33
7 

0.
19

89
4 

0.
19

46
5 

0.
19

04
7 

0.
18

64
2 

0.
18

24
8 

0.
17

86
6 

0.
17

49
4 

0.
17

13
2 

0.
36

71
1 

0.
35

81
0 

0.
34

93
2 

0.
34

07
7 

O
.3

32
46

 
0.

32
43

7 
0.

31
65

0 
0.

30
88

5 
0.

30
14

1 
0.

29
41

8 
0.

28
71

5 
0.

28
03

2 
0.

27
36

9 
0.

26
72

4 
0.

26
09

8 
0.

25
48

9 
0.

24
89

9 
0.

24
32

5 
0.

23
76

7 
0.

23
22

6 
0.

22
70

1 
0.

22
19

0 
0.

21
69

5 
0.

21
21

3 
0.

20
74

6 
0.

20
29

2 
0.

19
85

1 
0.

19
42

2 
0.

19
00

6 
0.

18
60

2 
0.

18
20

9 
0.

17
82

8 
0.

17
45

7 
0.

17
09

7 

0.
36

62
0 

0.
35

72
1 

0.
34

84
5 

0.
33

99
3 

0.
33

16
4 

0.
32

35
7 

0.
31

57
3 

0.
30

81
0 

0.
30

06
8 

0.
29

34
7 

7.
28

64
6 

0.
27

96
5 

0.
27

30
3 

0.
26

66
0 

0.
26

03
6 

0.
25

42
9 

0.
24

84
0 

0.
24

26
8 

0.
23

71
3 

0.
23

17
3 

0.
22

64
9 

O
.2

21
4O

 
0.

21
64

6 
0.

21
16

6 
0.

20
70

0 
0.

20
24

7 
0.

19
80

7 
0.

19
38

0 
0.

18
96

5 
0.

18
56

2 
0.

18
17

1 
0.

17
79

0 
0.

17
42

1 
0.

17
06

1 

0.
36

52
9 

0.
35

63
2 

0.
34

75
9 

O
.3

39
09

 
0.

33
08

2 
0.

32
27

8 
0.

31
49

5 
0.

30
73

5 
0.

29
99

5 
0.

29
27

6 
0.

28
57

7 
0.

27
89

8 
0.

27
23

8 
0.

26
59

7 
0.

25
97

5 
0.

25
37

0 
0.

24
78

2 
0.

24
21

2 
0.

23
65

8 
0.

23
12

0 
0.

22
59

7 
0.

22
09

O
 

0.
21

59
7 

0.
21

11
9 

0.
20

65
4 

0.
20

20
3 

0.
19

76
4 

0.
19

33
8 

0.
18

92
5 

0.
18

52
3 

0.
18

13
2 

0.
17

74
3 

0.
17

38
4 

0.
17

02
6 

0.
36

43
8 

0.
35

54
4 

0.
34

67
3 

0.
33

82
6 

0.
33

00
1 

0.
32

19
9 

0.
31

41
8 

0.
30

66
0 

0.
29

92
2 

0.
29

20
5 

0.
28

50
8 

0.
27

83
1 

0.
27

17
3 

0.
26

53
4 

0.
25

91
3 

0.
25

31
0 

0.
24

72
5 

0.
24

15
6 

0.
23

60
3 

0.
23

06
7 

0.
22

54
6 

O
.2

20
4O

 
0.

21
54

9 
0.

21
07

2 
0.

20
60

8 
0.

20
15

8 
0.

19
72

1 
0.

19
29

6 
0.

18
88

4 
0.

18
48

3 
0.

18
09

4 
0.

17
71

6 
0.

17
34

8 
0.

16
99

1 

0.
36

34
8 

0.
35

45
6 

0.
34

58
7 

0.
33

74
2 

0.
32

92
0 

0.
32

12
0 

0.
31

34
1 

0.
30

58
5 

O
.2

98
49

 
0.

29
13

4 
0.

28
44

0 
0.

27
76

4 
0.

27
10

8 
0.

26
47

1 
0.

25
85

2 
O

.2
52

51
 

0.
24

66
7 

0.
24

10
0 

0.
23

54
9 

0.
23

01
4 

0.
22

49
5 

0.
21

99
0 

0.
21

50
1 

0.
21

02
5 

0.
20

56
3 

0.
20

11
4 

0.
19

67
8 

0.
19

25
5 

0.
18

84
3 

0.
18

44
4 

0.
18

05
6 

0.
17

67
8 

0.
17

31
2 

0.
16

95
6 

0.
36

25
7 

0.
35

36
8 

0.
34

50
2 

0.
33

65
9 

0.
32

83
9 

0.
32

04
1 

0.
31

26
5 

0.
30

51
0 

0.
29

77
7 

0.
29

06
4 

0.
28

37
1 

0.
27

69
8 

0.
27

04
4 

0.
26

40
9 

0.
25

79
1 

0.
25

19
2 

0.
24

61
0 

0.
24

04
4 

0.
23

49
5 

0.
22

96
2 

0.
22

44
4 

0.
21

94
1 

0.
21

45
2 

0.
20

97
8 

0.
20

51
7 

0.
20

07
0 

0.
19

63
5 

0.
19

21
3 

0.
18

80
3 

0.
18

40
4 

O
.1

80
17

 
0.

17
64

1 
0.

17
27

6 
0.

16
92

0 

0.
36

16
7 

0.
35

28
0 

0.
34

41
7 

0.
33

57
6 

0.
32

75
9 

0.
31

96
2 

0.
31

18
8 

0.
30

43
6 

0.
29

70
5 

0.
28

99
4 

0.
28

30
3 

0.
27

63
2 

0.
26

98
0 

0.
26

34
6 

0.
25

73
1 

0.
25

13
3 

0.
24

55
2 

0.
23

98
9 

0.
23

44
1 

0.
22

90
9 

0.
22

39
3 

0.
21

89
1 

0.
21

40
4 

0.
20

93
1 

0.
20

47
2 

0.
20

02
6 

0.
19

59
2 

0.
19

17
1 

0.
18

76
2 

0.
18

36
5 

0.
17

97
9 

0.
17

60
4 

0.
17

24
0 

0.
16

88
6 

0.
36

07
8 

0.
35

19
3 

0.
34

33
1 

0.
33

49
3 

0.
32

67
7 

0.
31

88
4 

0.
31

11
2 

0.
30

36
2 

0.
29

63
3 

0.
28

92
4 

0.
28

23
5 

0.
27

56
6 

0.
26

91
5 

0.
26

28
4 

0.
25

67
0 

0.
25

07
4 

0.
24

49
5 

0.
23

93
3 

0.
23

38
7 

0.
22

85
7 

0.
22

34
2 

0.
21

84
2 

0.
21

35
6 

0.
20

88
5 

0.
20

42
7 

0.
19

98
2 

0.
19

55
0 

0.
19

13
0 

0.
18

72
2 

0.
18

32
6 

0.
17

94
1 

0.
17

56
7 

0.
17

20
4 

0.
16

85
1 

0.
35

98
8 

0.
35

10
6 

0.
34

24
7 

0.
33

41
0 

0.
32

59
7 

0.
31

80
6 

0.
31

03
6 

0.
30

28
8 

0.
29

56
1 

0.
28

85
4 

0.
28

16
7 

0.
27

50
0 

0.
26

85
1 

0.
26

22
1 

0.
25

61
0 

0.
25

01
5 

0.
24

43
2 

0.
23

87
8 

0.
23

33
3 

0.
22

80
5 

0.
22

29
1 

0.
21

79
3 

0.
21

30
9 

0.
20

83
8 

0.
20

38
2 

0.
19

93
8 

0.
19

50
7 

0.
19

08
9 

0.
18

68
2 

0.
18

28
7 

0.
17

90
3 

0.
17

53
0 

0.
17

16
8 

0.
16

81
6 

k
~

 



T
w

o
-d

im
en

si
o

n
al

 D
eb

y
e 

fu
n

ct
io

n
 

T
w

o-
di

m
en

si
on

al
 D

eb
ye

 f
un

ct
io

n 
C

v 
3R

 
T

he
ta

/T
 

0.
00

 
0.

01
 

0.
02

 
0.

03
 

0.
04

 
0.

05
 

0.
06

 
0.

07
 

0.
08

 
0.

09
 

9.
20

 
9.

30
 

9.
40

 
9.

50
 

9.
60

 
9.

70
 

9.
80

 
9.

90
 

10
.0

0 
10

.1
0 

10
.2

0 
10

.3
0 

10
.4

0 
10

.5
0 

10
.6

0 
10

.7
0 

10
.8

0 
10

.9
0 

11
.0

0 
I1

.1
0 

11
.2

0 
11

.3
0 

11
.4

0 
11

.5
0 

11
.6
0 

11
.7
0 

11
.8

0 
11

.9
0 

12
.0

0 

0.
16

78
1 

0.
16

44
0 

0.
16

10
8 

0.
15

78
5 

0.
15

47
2 

0.
15

16
7 

0.
14

87
0 

0.
14

58
1 

0.
14

30
1 

0.
14

02
7 

0.
13

76
2 

0.
13

50
3 

0.
13

25
1 

0.
13

00
6 

0.
12

76
7 

0.
12

53
4 

0.
12

30
8 

0.
12

08
7 

0.
11

87
2 

0.
11

66
3 

0.
11

45
9 

0.
11

26
0 

0.
11

06
6 

0.
10

87
7 

0.
10

69
2 

0.
10

51
2 

0.
10

33
7 

0.
10

16
5 

0.
09

99
8 

0.
16

74
7 

0.
16

40
6 

0.
16

07
5 

0.
15

75
4 

0.
15

44
1 

0.
15

13
7 

0.
14

84
1 

0.
14

55
3 

0.
14

27
3 

O
. 1

40
01

 
0.

13
73

5 
0.

13
47

7 
0.

13
22

6 
0.

12
98

2 
0.

12
74

3 
0.

12
51

2 
0.

12
28

6 
0.

12
06

6 
0.

11
85

1 
0.

11
64

2 
0.

11
43

9 
0.

11
24

0 
0.

11
04

7 
0.

10
85

8 
0.

10
67

4 
0.

10
49

4 
0.

10
31

9 
0.

10
14

8 
0.

09
98

2 

0.
16

71
2 

0.
16

37
3 

0.
16

04
3 

0.
15

72
2 

0.
15

41
0 

0.
15

10
7 

0.
14

81
2 

0.
14

52
5 

0.
14

24
5 

0.
13

97
4 

0.
13

70
9 

0.
13

45
2 

0.
13

20
1 

0.
12

95
8 

0.
12

72
0 

0.
12

48
9 

0.
12

26
3 

0.
12

04
4 

0.
11

83
0 

0.
11

62
2 

0.
11

41
9 

0.
11

22
1 

0.
11

02
8 

0.
10

83
9 

0.
10

65
6 

O
.1

04
77

 
O

.1
03

02
 

0.
10

13
1 

0.
09

96
5 

0.
16

67
8 

0.
16

33
9 

0.
16

01
0 

0.
15

69
0 

0.
15

37
9 

0.
15

07
7 

0.
14

78
3 

0.
14

49
6 

0.
14

21
8 

0.
13

94
7 

0.
13

68
3 

0.
13

42
7 

0.
13

17
7 

0.
12

93
3 

0.
12

69
7 

0.
12

46
6 

0.
12

24
1 

0.
12

02
2 

0.
11

80
9 

0.
11

60
1 

0.
11

39
9 

0.
11

20
1 

0.
11

0O
9 

0.
10

82
1 

0.
10

63
8 

0.
10

45
9 

0.
10

28
5 

0.
10

11
5 

0.
09

94
9 

0.
16

64
4 

0.
16

30
6 

0.
15

97
8 

0.
15

65
9 

0.
15

34
9 

0.
15

04
7 

0.
14

75
4 

0.
14

46
8 

0.
14

19
0 

0.
13

92
0 

0.
13

65
7 

0.
13

40
1 

0.
13

15
2 

0.
12

91
0 

0.
12

67
3 

0.
12

44
3 

0.
12

21
9 

0.
12

00
1 

0.
11

78
8 

0.
11

58
1 

0.
11

37
9 

0.
11

18
2 

0.
10

99
0 

0.
10

80
2 

0.
10

62
0 

0.
10

44
1 

0.
10

26
7 

0.
10

09
8 

0.
09

93
2 

0.
16

60
9 

0.
16

27
3 

0.
15

94
6 

0.
15

62
7 

0.
15

31
8 

0.
15

01
7 

0.
14

72
5 

0.
14

44
0 

0.
14

16
3 

0.
13

89
4 

0.
13

63
1 

0.
13

37
6 

0.
13

12
7 

0.
12

88
6 

0.
12

65
0 

0.
12

42
1 

0.
12

19
7 

0.
11

97
9 

0.
11

76
7 

0.
11

56
0 

0.
11

35
9 

0.
11

16
2 

0.
10

97
1 

0.
10

78
4 

0.
10

60
2 

0.
10

42
4 

0.
10

25
0 

0.
10

08
1 

0.
09

91
6 

0.
16

57
5 

O
. 1

62
40

 
0.

15
91

3 
0.

15
59

6 
0.

15
28

8 
0.

14
98

8 
0.

14
69

6 
0.

14
41

2 
0.

14
13

6 
0.

13
86

7 
0.

13
60

6 
0.

13
35

1 
0.

13
10

3 
0.

12
86

2 
0.

12
62

7 
0.

12
39

8 
0.

12
17

5 
0.

11
95

8 
0.

11
74

6 
0.

11
54

0 
0.

11
33

9 
0.

11
14

3 
0.

10
95

2 
0.

10
76

5 
0.

10
58

4 
0.

10
40

6 
0.

10
23

3 
0.

10
06

1 
0.

09
90

0 

0.
16

54
1 

0.
16

20
7 

0.
15

88
1 

0.
15

56
5 

0.
15

25
7 

0.
14

95
8 

0.
14

66
7 

0.
14

38
4 

0.
14

10
9 

0.
13

84
1 

0.
13

58
0 

0.
13

32
6 

0.
13

07
9 

0.
12

84
8 

0.
12

60
4 

0.
12

37
5 

0.
12

15
3 

0.
11

93
6 

0.
11

72
5 

0.
11

52
0 

0.
11

31
9 

0.
11

12
3 

0.
10

93
3 

0.
10

74
7 

0.
10

56
6 

0.
10

38
9 

0.
10

21
6 

0.
10

04
8 

0.
09

88
3 

O
. 1

65
07

 
0.

16
17

4 
0.

15
84

9 
0.

15
53

4 
0.

15
22

7 
0.

14
92

9 
0.

14
63

8 
0.

14
35

6 
0.

14
08

1 
0.

13
81

4 
0.

13
55

4 
0.

13
30

1 
O

. 1
30

54
 

0.
12

81
4 

0.
12

58
1 

0.
12

35
3 

0.
12

13
1 

0.
11

91
5 

0.
11

70
4 

0.
11

49
9 

0.
11

29
9 

0.
11

10
4 

0.
10

91
4 

O
. 1

07
29

 
0.

11
54

8 
0A

03
71

 
0.

10
19

9 
0.

10
03

1 
0.

09
86

7 

0,
16

47
4 

0.
16

14
1 

0.
15

81
7 

0.
15

50
3 

0.
15

19
7 

0.
14

89
9 

0.
14

61
0 

0.
14

32
8 

0.
14

05
4 

0.
13

78
8 

0.
13

52
8 

0.
13

27
6 

0.
13

03
0 

0.
12

79
1 

0.
12

55
8 

0.
12

33
0 

0.
12

10
9 

0.
11

89
4 

0.
11

68
4 

0.
11

47
9 

0.
11

27
9 

0.
11

08
5 

0.
10

89
5 

0.
10

71
6 

0,
10

53
0 

0.
10

35
4 

0.
10

18
2 

0.
10

01
5 

0.
09

85
1 

7-
- 7:
 

>
 

,.-.
1 

t"5
 

t'3
 



12
.1

0 
12

.2
0 

12
.3

0 
12

.4
0 

12
.5

0 
12

.6
0 

12
.7

0 
12

.8
0 

12
.9

0 
13

.0
0 

13
.1

0 
13

.2
0 

13
.3

0 
13

.4
0 

13
.5

0 
13

.6
0 

13
.7

0 
13

.8
0 

13
.9

0 
14

.0
0 

14
.1

0 
14

.2
0 

14
.3

0 
14

.4
0 

14
.5

0 
14

.6
0 

14
.7

0 
i4

.8
0 

14
,9

0 
15

.0
0 

15
.1

0 
15

.2
0 

15
.3

0 
15

.4
0 

0.
09

83
5 

0.
09

67
6 

0.
09

52
0 

0.
09

36
8 

0.
09

22
0 

0.
09

07
5 

0.
08

93
3 

0.
08

79
5 

0.
08

66
0 

0.
08

52
8 

0.
08

39
9 

0.
08

27
2 

0.
08

14
9 

0.
08

02
8 

0.
07

91
0 

0.
07

79
5 

0.
07

68
1 

0.
07

57
1 

0.
07

46
3 

0.
07

35
7 

0.
07

26
3 

0.
07

15
1 

0.
07

05
2 

0.
06

95
4 

0.
06

85
9 

0.
06

76
5 

0.
06

67
4 

0.
06

58
4 

0.
06

49
6 

0.
06

41
0 

0.
06

32
5 

0.
06

24
2 

0.
06

16
1 

0.
06

08
1 

0.
09

81
9 

0.
09

66
0 

0.
09

50
5 

0.
09

35
3 

0.
09

20
5 

0.
09

06
1 

0.
08

91
9 

0.
08

78
1 

0.
08

64
7 

0.
08

51
5 

0.
08

38
6 

0.
08

26
0 

0.
08

13
7 

0.
08

01
6 

0.
07

89
8 

0.
07

78
3 

0.
07

67
0 

0.
07

56
0 

0.
07

45
2 

0.
07

34
6 

0.
07

24
3 

0.
07

14
1 

0.
07

04
2 

0.
06

94
5 

0.
06

84
9 

0.
06

75
6 

0.
06

66
5 

0.
06

57
5 

0.
06

48
7 

0.
06

40
1 

0.
06

31
7 

0.
06

23
4 

0.
06

15
3 

0.
06

07
4 

0.
09

80
3 

0.
09

64
4 

0.
09

48
9 

0.
09

33
8 

0.
09

19
1 

0.
09

04
6 

0.
08

90
5 

0.
08

76
8 

0.
08

63
3 

0.
08

50
2 

0.
08

37
3 

0.
08

24
8 

0.
08

12
5 

0.
08

00
4 

0,
07

88
7 

0.
07

77
2 

0.
07

65
9 

0.
07

54
9 

0.
07

44
1 

0.
07

33
6 

0.
07

23
2 

0.
07

13
1 

0.
07

03
2 

0,
06

93
5 

0.
06

84
0 

0.
06

74
7 

0.
06

65
6 

0.
06

56
6 

0,
06

47
9 

0,
06

39
3 

0.
06

30
9 

0.
06

22
6 

0.
06

14
5 

0.
06

06
6 

0.
09

78
7 

0.
09

62
8 

0.
09

47
4 

0.
09

32
3 

0.
09

17
6 

0.
09

03
2 

0.
08

89
2 

0.
08

75
4 

0.
08

62
0 

0.
08

48
9 

0.
08

36
1 

0.
08

23
5 

0.
08

11
2 

0.
07

99
3 

0.
07

87
5 

0.
07

76
0 

0.
07

64
8 

0.
07

53
8 

0.
07

43
1 

0.
07

32
5 

0.
07

22
2 

0.
07

12
1 

0.
07

02
2 

0.
06

92
5 

0.
06

83
1 

0.
06

73
8 

0.
06

64
7 

0.
06

55
7 

0.
06

47
0 

0.
06

38
4 

0.
06

30
0 

0.
06

21
8 

0.
06

13
7 

0.
06

05
8 

0.
09

77
1 

0.
09

61
3 

0.
09

45
9 

0.
09

30
8 

0.
09

16
1 

0.
09

01
9 

0.
08

87
8 

0.
08

74
1 

0.
08

60
7 

0.
08

47
6 

0.
08

34
8 

0.
08

22
3 

0.
08

10
0 

0.
07

98
1 

0.
07

86
4 

0.
07

74
9 

0.
07

63
7 

0.
07

52
7 

0.
O

74
2O

 
0.

07
31

5 
0.

07
21

2 
0.

07
11

1 
0.

07
01

3 
0.

06
91

6 
O

.O
68

21
 

0.
06

72
9 

0.
06

63
8 

O
.O

65
49

 
0.

06
46

1 
0.

06
37

6 
0.

06
29

2 
0.

06
21

0 
0.

06
12

9 
0.

06
05

0 

0.
09

75
5 

0.
09

59
7 

0.
09

44
4 

0.
09

29
4 

0.
09

14
7 

0.
09

00
4 

0.
08

86
4 

0.
08

72
7 

O
.0

85
94

 
0.

08
46

3 
0.

08
33

5 
0.

08
21

0 
0.

08
08

8 
0.

07
96

9 
0.

07
85

2 
0.

07
73

8 
0.

07
62

7 
0.

07
51

6 
0.

07
40

9 
0.

07
30

4 
0.

07
20

2 
0.

07
10

1 
0.

07
00

3 
0.

06
90

6 
0.

06
81

2 
0.

06
71

9 
0.

06
62

9 
0.

06
54

0 
0.

06
45

3 
0.

06
36

7 
0.

06
28

4 
0.

06
20

2 
0.

06
12

1 
0.

06
04

2 

0.
09

73
9 

0.
09

58
2 

0.
09

42
8 

0.
09

27
9 

0.
09

13
2 

0.
08

99
0 

0.
08

85
0 

0.
08

71
4 

0.
08

58
0 

0.
08

45
0 

0.
08

32
3 

0.
08

19
8 

0.
08

07
6 

0.
07

95
7 

0.
07

84
0 

0.
07

72
6 

0.
07

61
5 

0.
07

50
6 

0.
07

39
9 

0.
07

29
4 

0.
07

19
2 

0.
07

09
1 

0.
06

99
3 

0.
06

89
7 

0.
06

80
3 

0.
06

71
0 

0.
06

62
0 

0.
06

53
1 

0.
06

44
4 

0.
06

35
9 

0.
06

27
5 

0.
06

19
3 

0.
06

11
3 

0.
06

03
4 

0.
09

72
3 

0.
09

56
6 

0.
09

41
3 

0.
09

26
4 

0.
09

11
8 

0.
08

97
6 

0.
08

83
6 

0.
08

70
0 

0.
08

56
7 

0.
08

43
7 

0.
08

31
0 

0.
08

18
6 

0.
08

06
4 

0.
07

94
5 

0.
07

82
9 

0.
07

71
5 

0.
07

60
4 

0.
07

49
5 

0.
07

38
8 

0.
07

28
4 

0.
07

18
2 

0.
07

08
1 

0.
06

98
3 

0.
06

88
7 

0.
06

79
3 

0.
06

70
1 

0.
06

61
1 

0.
06

52
2 

0.
06

43
6 

0.
06

35
0 

0.
06

26
7 

0.
06

18
5 

0.
06

10
5 

0.
06

02
7 

0.
09

70
7 

0.
09

55
1 

0.
09

39
8 

0.
09

24
9 

0.
09

10
4 

0.
08

96
1 

0.
08

82
3 

0.
08

68
7 

0.
08

55
1 

0.
08

42
4 

0.
08

29
7 

0.
08

17
3 

0.
08

05
2 

0.
07

93
4 

0.
07

81
7 

0.
07

70
4 

0.
07

59
3 

0.
07

48
4 

0.
07

37
8 

0.
07

27
3 

0.
07

17
1 

0.
07

07
2 

0.
06

87
4 

0.
06

87
8 

0.
06

78
4 

0.
06

69
2 

0.
06

60
2 

0.
06

51
4 

0.
06

42
7 

0.
06

34
2 

0.
06

25
9 

0.
06

17
7 

0.
06

09
7 

0.
06

01
9 

0.
09

69
1 

0.
09

53
5 

0.
09

38
3 

0.
09

23
5 

0.
09

08
9 

70
.0

89
4 

0.
08

80
9 

0.
08

67
3 

0.
08

54
1 

0.
08

41
1 

0.
08

28
5 

0.
08

16
1 

0.
08

04
0 

0.
07

92
2 

0.
07

80
6 

0.
07

69
3 

0.
07

58
2 

0.
07

47
3 

0.
07

36
7 

0.
07

26
3 

0.
07

16
1 

~0
.0

70
62

 
0.

06
96

4 
0.

06
86

8 
0.

06
77

5 
0.

06
68

3 
0.

06
59

3 
0.

06
50

5 
0.

06
41

8 
0.

06
33

4 
0.

06
25

1 
0.

06
16

9 
0.

06
08

9 
0.

06
01

1 

-I
 



T
w

o-
di

m
en

si
on

al
 D

eb
ye

 f
un

ct
io

n 

T
w

o-
di

m
en

si
on

al
 D

eb
ye

 f
un

ct
io

n 
C

v 
13

R 
T

he
ta

/T
 

0.
00

 
0.

01
 

0.
02

 
0.

03
 

0.
04

 
0.

05
 

0.
06

 
0.

07
 

0.
08

 

15
.5

0 
15

.6
0 

15
.7

0 
15

.8
0 

15
.9

0 
16

.0
0 

16
.1

0 
16

.2
0 

16
.3

0 
16

.4
0 

16
.5

0 
16

.6
0 

16
.7

0 
16

.8
0 

16
.9

0 
17

.0
0 

17
.1

0 
17

.2
0 

17
.3

0 
17

.4
0 

0.
06

00
3 

0.
05

92
7 

0.
05

85
1 

0.
05

77
8 

0.
05

70
5 

0.
05

63
4 

0.
05

56
4 

0.
05

49
6 

0.
05

42
9 

0.
05

36
3 

0.
05

29
8 

0.
05

23
4 

0.
05

17
2 

0.
05

11
1 

0.
05

05
0 

0.
04

99
1 

0.
04

93
3 

0.
04

87
6 

0.
04

81
9 

0.
04

76
4 

0.
05

99
6 

0.
05

91
9 

0.
05

84
4 

0.
05

77
0 

0.
05

69
8 

0.
05

62
7 

0.
05

55
8 

0.
05

48
9 

0.
05

42
2 

0.
05

35
6 

0.
05

29
2 

0.
05

22
8 

0.
05

16
6 

0.
05

10
4 

0.
05

04
4 

0.
04

98
5 

0.
04

92
7 

0.
04

87
0 

0.
04

81
4 

0.
04

75
9 

O
.O

59
88

 
0.

05
91

1 
0.

05
83

7 
0.

05
76

3 
0.

05
69

1 
0.

05
62

0 
0.

05
55

1 
0.

05
48

2 
0.

05
41

6 
0.

05
35

0 
0.

05
28

5 
0.

05
22

2 
0,

05
16

0 
0.

05
09

8 
0.

05
03

8 
0.

04
97

9 
0.

04
92

1 
0.

04
86

4 
0.

04
80

8 
0.

04
75

3 

0.
05

98
0 

0.
05

90
4 

0.
05

82
9 

0.
05

75
6 

0.
05

68
4 

0.
05

61
3 

0.
05

54
4 

0.
05

47
6 

0.
05

40
9 

0.
05

34
3 

0.
05

27
9 

0.
05

21
6 

0.
05

15
3 

0.
05

09
2 

0.
05

03
2 

0.
04

97
3 

0.
04

91
6 

0.
04

85
9 

0.
04

80
3 

0.
04

74
8 

0.
05

97
2 

0.
05

89
6 

0.
05

82
2 

0.
05

74
9 

0.
05

67
7 

0.
05

60
6 

0.
05

53
7 

0.
05

46
9 

0.
05

40
2 

0.
05

33
7 

0.
05

27
2 

0.
05

20
9 

0.
05

14
7 

0.
05

08
6 

0.
05

02
6 

0.
04

96
8 

0.
04

91
0 

0.
04

85
3 

0.
04

79
7 

0.
04

74
2 

0.
05

96
5 

0.
05

88
9 

0.
05

81
4 

0.
05

74
1 

0.
05

67
0 

O
.O

55
99

 
0.

05
53

0 
0.

05
46

2 
0.

05
39

6 
0.

05
33

0 
0.

05
26

6 
0.

05
20

3 
0.

05
14

1 
0.

05
08

0 
0.

05
02

1 
0.

04
96

2 
0.

04
90

4 
0.

04
84

7 
0.

04
79

2 
0.

04
73

7 

0.
05

95
7 

0.
05

88
1 

0.
05

80
7 

0.
05

73
4 

01
05

66
3 

0.
05

59
2 

0.
05

52
3 

0.
05

45
6 

0.
05

38
9 

0.
05

32
4 

0.
05

26
0 

0.
05

19
7 

0.
05

13
5 

0.
05

07
4 

0.
05

01
5 

0.
04

95
6 

0.
04

89
8 

0.
04

84
2 

0.
04

78
6 

0.
04

73
2 

0.
05

94
9 

0.
05

87
4 

0.
05

80
0 

0.
05

72
7 

0.
05

65
5 

0.
05

58
5 

0.
05

51
6 

0.
05

44
9 

0.
05

38
3 

0.
05

31
7 

0.
05

25
3 

0.
05

19
1 

0.
05

12
9 

0.
05

06
8 

0.
05

00
9 

0.
04

95
0 

0.
04

89
3 

0.
04

83
6 

0.
04

78
1 

0.
04

72
6 

0.
05

94
2 

0.
05

86
6 

0.
05

79
2 

0.
05

72
0 

0.
05

64
8 

0.
05

57
8 

0.
05

51
0 

0.
05

44
2 

0.
05

37
6 

0.
05

31
1 

0.
05

24
7 

0.
05

18
4 

0.
05

12
3 

0.
05

06
2 

0.
05

00
3 

0.
04

94
4 

0.
04

88
7 

0.
04

83
1 

0.
04

77
5 

0.
04

72
1 

0-
09

 

0.
05

93
4 

0.
05

85
9 

0.
05

78
5 

0.
05

71
2 

0.
05

64
1 

0.
05

57
1 

0.
05

50
3 

0.
05

43
5 

0.
75

36
9 

0.
05

30
4 

0.
05

24
1 

0.
05

17
8 

0.
05

11
7 

0.
05

05
6 

0.
04

99
7 

0.
04

93
9 

0.
04

88
1 

0,
04

82
5 

0.
04

77
0 

0.
04

71
5 

,.4
 

o~
 


