3k 3k 3k 5k 3k 3k 3k %k %k 3k >k 3k >k 3k 3k 3k 3k 3k %k 3k 5k 5k 3k 5k 3%k %k 3%k %k >k >k >k 3k 3k 3k 3k %k 5k 3k 5k 5k 5k 5%k %k %k %k >k %k >k >k 3k 3k %k 5k 3k 3k %k 5k 3k %k % % %k %k %k >k >k 3k %k %k %k %k 5k % 5k 3 % % %k *k ¥

EXAMPLE 1, Cyclohexane twistboat, D2
3k 3k ok 3k 3k 3k 3k 3k 3k ok ok ok ok 3k ok 3k 3k ok 3k 3k 3k 3k 3k 3k 3k 3k 3k %k ok sk ok 3k 3k ok 3k 3k 3k 3k 3k 3k 3k 3k 3k sk %k %k ok ok 3k ok 3k 3k sk 3k 3k 3k 3k 3k 3k 3k 3k %k %k %k %k %k 3k ok %k ok 3k 3k 3k 3k 3k 3k >k k kK

INPUT:

1

Cyclohexane twistboat, D2

60002
1 6 0 0.000000 0.000000 -1.527965
2 6 0 -0.381467 1.227991 -0.665784
3 6 0 0.381467 1.227991 0.665784
4 6 0 0.000000 0.000000 1.527965
5 6 0 -0.381467  -1.227991 0.665784
6 6 0 0.381467  -1.227991 -0.665784

EOF

LONG OUTPUT:

3k 3k 3k 3k 3k 3k 3k 3k 3k 3k >k %k 3k 3k 3k 3k %k 3k %k 5k 3k 5k 3k 5k 3k %k 3%k %k 3k >k 3k 3k 3k %k 5k 3k 3k 5k 5k 5k 5k 5%k 3%k 3%k %k %k %k >k 3k 3k 3k %k 3k 3k 3k 5%k 5k 3%k 5% 3%k 5%k 5%k %k %k >k >k 3k >k %k % %k 3k % 3k % %k %k *k *k *k

CONFORMATIONAL ANALYSIS OF PUCKERED RINGS
Analysis of Ring Molecules in terms of Ring Puckering and Ring Deformation

D. Cremer 1988, D. Izotov, E. Kraka, D. Cremer, January 2011

OUTPUT FILES, puckering data: output.dat, B-matrix output: matrices.dat
3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k >k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k %k 3k 5k %k 3k 3k 3k 3k >k 3k 3k 3k 3k >k 3k 5k %k 3k 3k 3k 3k %k 3k 3k 3k 3k %k %k 5k %k 3k 3k 3k 3k %k 3k 3k >k 3k 5%k %k 3k %k %k >k %k 3k *k kk

*kkk MOLECULE: ****
6 Membered Ring: Cyclohexane twistboat, D2

Cell coordinates: NO
Cartesian coordinates: YES
Substituent coordinates: NO
Re-odering of Ring coordinates: NO

Coordinate input format: G98, G@3, G@9 format
Initial ring coordinates

0.000000 0.000000 -1.527965
-0.381467 1.227991 -0.665784
0.381467 1.227991 0.665784
0.000000 0.000000 1.527965
-0.381467  -1.227991 0.665784
0.381467  -1.227991 -0.665784

oOouUT P WN B
(2NN INe) o) I o) I e)]

Ring analysis: Coordinates in ring standard orientation
(Cartesian system, Origin = Geometrical center of the ring
XY-Plane = Mean Ringplane, Atom 1 in the 9 o clock position)

-1.527965 0.000000 0.000000
-0.665784 1.227991 0.381467
0.665784 1.227991  -0.381467
1.527965 0.000000 0.000000
0.665784  -1.227991 0.381467
-0.665784  -1.227991 -0.381467

AUV WN B

A. (N-3) Puckering coordinates



Total puckering amplitude Q = 0.76293
n q(n) phi(n) theta(n) %
2 0.76293  270.00000 90.00000 100.00
3 0.00000 0.00
Sum of z-coordinates = 0.0000 Sum of z*z =
B. (3N-2) Planar deformation coordinates
Radius of reference polygon R = 1.44
Total deformation amplitude T = 0.06
n A B t(n) tau(n)
1 0.00000 0.00000 0.00000 0.000
2 -0.06547 0.00000 0.06547 180.000
3 0.00000 0.00000 0.00000 0.000
4 -0.02227 0.00000 0.02227 180.000

0.582068  Sum of g(n)*q

023
915

Omega

90.00000

%

0.0

89.6 0.00000
0.0

0.4 71.21380

1

) = 0.582068

Transformed Coordinates With Regard To Least Squares Plane (LSP Calculated By Iteration Method)

SV WN B

Number of Iterations

0.000000 1.527965
1.227991 0.665784
1.227991 -0.665784
0.000000 -1.527965
-1.227991 -0.665784
-1.227991 0.665784

0.000000
0.381467
-0.381467
0.000000
0.381467
-0.381467

3 Convergence Criterium 0.000001

Angle between the normal of the mean plane and that of the Least-Squares Plane = 0.00

(EULER angles defining the orientation of the Least-Squares Plane are:

Bond Angles

Angle
Angle
Angle
Angle
Angle
Angle

6
1
2
3
4
5

= 112.
= 111.
111.
= 112.
= 111.
= 111.

VT WN B
PoulhWwWN
I

Calculated Dihedral Angles

Dihedral
Dihedral
Dihedral
Dihedral
Dihedral
Dihedral

Distance

Ul WN B

Angle
Angle
Angle
Angle
Angle
Angle

u P wWNEFE O
SOVl WN B
R o ulhwnN

Matrix

0.0000

1.5482 0.0000
2.5428 1.5346
3.0559 2.5428
2.5428 2.7937
1.5482 2.5718

32
14
14
32
14
14

NEFP,OUV AW

NNPFP S

.0000
.5482
.5718
.7937

30.60
-63.48
30.60
30.60
-63.48
30.60

0.0000
1.5482
2.5428

0.0000 0.0000
5 6
0.0000
1.5346 0.0000

0.0000)



D 0.0.9.9900.0.999009999009990099990099900099900999000999009999009990099990099900999900999009099900999900999004
B-matrix calculation for geometry optimization and vibrational mode analysis in terms of ring puckering
and ring deformation coordinates

See: Wenli Zou, Dmitry Izotov, and Dieter Cremer, J. Phys. Chem., to be published
$0.9.9900.0.99900.0990009990000.999000999900990009990009990099900099900099000999000990009990009990009990009900090.94

Initial ring coordinates (x_alpha, y_alpha, z_alpha) = r_alpha may be taken from experiment (X-ray)
or generated by some modeling program.

Mean plane ring coordinates (x_beta, y_ beta, z_ beta) = r_ beta are calculated from initial coordinates
by Program RING fulfilling the mean plane condition

(N-3) Ring puckering and (2N-3) deformation coordinates zeta_n (n = 1, ... 3N-6) are determined from the
mean-plane ring coordinates

The B-matrix is calculated from partial derivatives (d zeta_n /d r_beta) ( d r_beta / d r_alpha)
XXXXXXXXXXXXXXXXOOOOOOOOOOOOXXXXXXXXXXXXXXXX XX XXX XXXXXXXXXXXXXXXXXXXXOOOOOOOK

6 Membered Ring: Cyclohexane twistboat, D2

A. General part : 3 N x 3 N partial derivatives ( d r_beta / d r_alpha)

1 2 3 4 5 6 7 8
1 0.000000 0.000000 1.000000 0.000000 0.000000 0.000000 0.000000 0.000000
2 0.000000 0.823181 0.000000 0.000000 -0.088410 -0.153130 0.000000 0.088410
3 -0.651746 0.000000 0.000000 0.174127 0.000000 0.000000 -0.174127 0.000000
4 0.086944  -0.142106 0.000000 0.043472 -0.071053 0.876933  -0.043472 0.071053
5 0.000000 -0.077046 0.000000 -0.077661 0.961477 -0.066724 -0.077661 0.038523
6 0.151746 0.000000 0.000000 -0.674127 0.000000 0.000000 0.174127 0.000000
7 -0.086944  -0.142106 0.000000 -0.043472 -0.071053 -0.123067 0.043472 0.071053
8 0.000000 0.077046 0.000000 0.077661 0.038523 0.066724 0.077661 0.961477
9 -0.151746 0.000000 0.000000 0.174127 0.000000 0.000000 -0.674127 0.000000
10 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
11 0.000000 0.176819 0.000000 0.000000 0.088410 0.153130 0.000000 -0.088410
12 -0.348254 0.000000 0.000000 -0.174127 0.000000 0.000000 0.174127 0.000000
13 0.086944 0.142106 0.000000 0.043472 0.071053 0.123067 -0.043472 -0.071053
14 0.000000 0.077046 0.000000 -0.077661 0.038523 0.066724 -0.077661 -0.038523
15 -0.151746 0.000000 0.000000 -0.325873 0.000000 0.000000 -0.174127 0.000000
16 -0.086944 0.142106 0.000000 -0.043472 0.071053 0.123067 0.043472  -0.071053
17 0.000000 -0.077046 0.000000 0.077661 -0.038523 -0.066724 0.077661 0.038523
18 0.151746 0.000000 0.000000 -0.174127 0.000000 0.000000 -0.325873 0.000000
9 10 11 12 13 14 15 16
1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
2 -0.153130 0.000000 0.176819 0.000000 0.000000 0.088410 0.153130 0.000000
3 0.000000 -0.348254 0.000000 0.000000 -0.174127 0.000000 0.000000 0.174127
4 -0.123067 -0.086944 0.142106 0.000000 -0.043472 0.071053 0.123067 0.043472
5 -0.066724 0.000000 0.077046 0.000000 0.077661 0.038523 0.066724 0.077661
6 0.000000 -0.151746 0.000000 0.000000 -0.325873 0.000000 0.000000 -0.174127
7 0.876933 0.086944 0.142106 0.000000 0.043472 0.071053 0.123067 -0.043472
8 0.066724 0.000000 -0.077046 0.000000 -0.077661 -0.038523 -0.066724 -0.077661
9 0.000000 0.151746 0.000000 0.000000 -0.174127 0.000000 0.000000 -0.325873
10 0.000000 0.000000 0.000000 1.000000 0.000000 0.000000 0.000000 0.000000
11 0.153130 0.000000 0.823181 0.000000 0.000000 -0.088410 -0.153130 0.000000
12 0.000000 -0.651746 0.000000 0.000000 0.174127 0.000000 0.000000 -0.174127
13 0.123067 -0.086944 -0.142106 0.000000 -0.043472 -0.071053 0.876933 0.043472
14 0.066724 0.000000 -0.077046 0.000000 0.077661 0.961477 -0.066724 0.077661
15 0.000000 0.151746 0.000000 0.000000 -0.674127 0.000000 0.000000 0.174127
16 0.123067 0.086944 -0.142106 0.000000 0.043472 -0.071053 -0.123067 -0.043472
17 -0.066724 0.000000 0.077046 0.000000 -0.077661 0.038523 0.066724 -0.077661
18 0.000000 -0.151746 0.000000 0.000000 0.174127 0.000000 0.000000 -0.674127

17 18



0 NO UL WNPE

©

10
11
12
13
14
15
16
17
18

0.000000
-0.088410
0.000000
-0.071053
-0.038523
0.000000
-0.071053
0.038523

[SECSESESESI SIS IS S S

.000000
.000000
.088410
.000000
.071053
.038523
000000
.071053
.961477
.000000

[SESESESISESE SRS ESESESESESESESESESES]

.000000
.153130
.000000
.123067
.066724
.000000
.123067
.066724
.000000
.000000
.153130
.000000
.123067
.066724
.000000
.876933
.066724
.000000

PO09.9.0.9.0.9.09.0.9.090.9090.90.90909090909090990909999090909090909090909090909090909090909909090909090909090909090

B. Puckering part

B.I) Puckering part :

a2
a3
phi(2)

a2
a3
phi(2)

a2
a3
phi(2)

B. II) Puckering part :

Q.
.000000
Q.

Q.
.408248
-0.

Q.
.000000
.000000

x1
000000

000000
z3
500000

378375

y6
000000

(d zeta_n /d r_alpha)

a2
a3
phi(2)

a2
a(3)
phi(2)

a2
a3
phi(2)

B. III) Puckering part :

Q.
-0.
-0.

coord = q(2)

u p wWwN B

x1
000000
371700
756750
z3

.000000
. 000000
. 000000

y6

.000000
. 000000
. 000000

1

0.476542
0.000000
0.000000
-0.198639
0.000000

(N-3) x 3N Partial derivatives (d zeta_n

0.
-0.
-0.

yl

.000000
.000000
.000000

x4

.000000
.000000
.000000

z6

500000
408248
378375

yl

.000000
. 000000
. 000000

x4

.000000
.371700
.756750

z6

.000000
. 000000
. 000000

2

0.000000
0.000000
0.000000
0.000000
0.000000

z1
0.000000
0.408248
0.756750

v4
0.000000
0.000000
0.000000

B-matrix elements for

z1
0.000000
0.000000
0.000000

v4
0.000000
0.000000
0.000000

3
0.000000
0.000000
0.000000
0.000000
0.000000

x2
0.000000
0.000000
0.000000

z4
0.000000
-0.408248
0.756750

/d r_beta)

y2 z2
0.000000 -0.500000
0.000000 -0.408248
0.000000 -0.378375

x5 y5
0.000000 0.000000
0.000000 0.000000
0.000000 0.000000

N-3 puckering coordinates: (N-3) x

x2
0.500000
0.426523
0.378375

z4
0.000000
0.000000
0.000000

4
-0.198639
0.000000
0.000000
0.150757
-0.101792

Derivatives of B matrix: (d B_i /d

y2
0.000000
0.000000
0.000000

x5
0.500000
-0.426523
0.378375

z2
0.000000
0.000000
0.000000

y5
0.000000
0.000000
0.000000

x3
0.000000
.000000
0.000000

z5
-0.500000
0.408248
-0.378375

[S)

y3
0.000000
0.000000
0.000000

X6
0.000000
0.000000
0.000000

3N partial derivatives

x3
-0.500000
-0.426523
0.378375

z5
0.000000
0.000000
0.000000

r_alpha) (N-3) x 3N x 3N

5

. 000000
. 000000
.000000
.101792
. 000000

6
0.113960
0.000000
0.000000
0.056980
0.000000

7
-0.238271
0.000000
0.000000
0.130940
-0.101792

y3
0.000000
0.000000
0.000000

X6
-0.500000
0.426523
0.378375

8
0.000000
0.000000
0.000000
0.101792
0.000000



6 (7]
7 -0
8 (7]
9 -0
10 0
11 0
12 (7]
13 -0
14 0
15 0
16 -0
17 ()
18 -0
1 -0
2 (/]
3 0
4 -0
5 (7]
6 Q.
7 (7]
8 Q.
9 (7]
10 0
11 0.
12 Q
13 Q.
14 ()
15 0
16 -0
17 0
18 Q.
1 Q.
2 0
3 (7]
4 (7]
5 0
6 Q.
7 0
8 (7]
9 0
10 (/]
11 0.
12 (7]
13 -0.
14 Q
15 0
16 -0
17 Q
18 0
coord = q(3)
1 (7]
2 Q.
3 -0
4 Q.
5 (7]
6 0
7 Q.
8 (7]
9 -0
10 0
11 0
12 0

.113960
.238271
. 000000
.113960
.397277
.000000
. 000000
.238271
.000000
.113960
.198639
.000000
.113960

9

.113960
.000000
.000000
.056980
. 000000

000000

.056980

000000

. 000000
.113960

000000

. 000000

056980

.000000
.000000
.056980
.000000

000000
17
000000

.000000
.000000
.101792
. 000000

000000

.101792
.000000
. 000000
. 000000

000000

.000000

101792

.000000
.000000
.101792
. 000000
.000000

1

. 000000

000000

.084718

000000

. 000000
.097213

000000

. 000000
.097213
.000000
.000000
.084718

[SECSEISISESESE SIS RIS EISEGS I SIS S S RS ES]

[SECSISESESES BN IS RIS RS IE SRS I B S S S S S

[SESESESIESE SIS I SIS RIS RIS I SIS

[SESISESES IS BN EIS RIS ISR SR S

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

10

.397277
.000000
.000000
.238271
.000000
.113960
.198639
.000000
.113960
.476542
.000000
.000000
.198639
.000000
.113960
.238271
.000000
.113960

18

.113960
.000000
.000000
.056980
.000000
.000000
.056980
.000000
.000000
.113960
.000000
.000000
.056980
.000000
.000000
.056980
.000000
.000000

2

.000000
.000000
.000000
.075672
.000000
.000000
.075672
.000000
.000000
.000000
.000000
.000000

[SECSESESESIS SIS S SIS SRS

[SECSIS IS IS IS IS B IS B S SRS ESES]

[SECSESESESTI S I IS IS IS IS S

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

11

. 000000
.000000
.000000
.000000
. 000000
.000000
.000000
. 000000
. 000000
.000000
.000000
. 000000
. 000000
.000000
.000000
. 000000
. 000000
.000000

3

.084718
.000000
.000000
.042359
. 000000
.000000
.042359
. 000000
. 000000
.084718
.000000
. 000000

[SESEISESISE SRS I SIS RIS RIS I SIS

[SECSINSESESES RS IS IS EISEGSE SR SRS S ES ESES]

.056980
.130940
.101792
.056980
.238271
.000000
.000000
.067698
.101792
.056980
.087515
.101792
.056980

12

.000000
.000000
.000000
.000000
.000000

000000

.000000

000000

.000000
.000000

000000

.000000

000000

.000000
.000000
.000000
.000000
.000000

4

.000000
.075672
.042359
.000000
.086833
.048607
.000000
.086833
.048607
.000000
.075672
.042359

[SECSECSESESES IS S SSRGS

[SECSESESESTI SIS IS IS IS IS S

.000000
.101792
. 000000
. 000000
.000000
.000000
.000000
.101792
.000000
.000000
.101792
.000000
.000000

13

.238271
. 000000
.000000
.067698
.101792
.056980
.087515
.101792
.056980
.198639
.000000
. 000000
.150757
.101792
.056980
.130940
.101792
.056980

5

.000000
.000000
.000000
.086833
.000000
.000000
.086833
.000000

000000

.000000
.000000
.000000

[SESESEISISE SRS I SIS RIS RIS IS S

[SESEISISESESESESESESEISE SRS SESESESES]

[SESISESESE SIS IS RIS IS ISR )

.000000
.056980
.000000
.000000
.113960
.000000
.000000

056980

.000000
.000000
.056980
.000000

000000
14

.000000
.000000
.000000
.101792
.000000

000000

.101792

000000

.000000
.000000

000000

.000000

101792

.000000
.000000
.101792
.000000
.000000

6

.097213
.000000
.000000

048607

.000000
.000000
.048607
.000000

000000

.097213
.000000
.000000

.056980
.150757
101792
.056980
.198639
000000
. 000000
.087515
.101792
.056980
.067698
.101792
056980
15
.113960
. 000000
.000000
.056980
. 000000
. 000000
.056980
. 000000
. 000000
.113960
.000000
. 000000
.056980
.000000
.000000
.056980
. 000000
.000000

| 1
[SECSESESESES SIS S SIS RSN

|
[SECSISESINSES IS S S SRS ESESESESES]

7
. 000000
.075672
.042359
. 000000
.086833
.048607
.000000
.086833
.048607
0.000000
-0.075672
-0.042359

1
(SIS IS S S ESES]

[SESESEISISE SRS I SIS RIS EISIN SIS

[SESISESE SIS IS ESEISINSI SRS

.000000
.101792
.000000
.000000
.000000
.000000
.000000
.101792
.000000
.000000
.101792
.000000
.000000

16

.198639
.000000
.000000
.087515
.101792
.056980
.067698
.101792
.056980
.238271
.000000
.000000
.130940
.101792
.056980
.150757
.101792
.056980

8

.000000
.000000
.000000
.086833
.000000
.000000
.086833
.000000
.000000
.000000
.000000
.000000



13
14
15
16
17

O NO Ul WNPE

PR ERRPRRPP R
CONOUIAWNRS®

cOoNO UL WNPE

<]

10
11
12
13
14
15
16
17
18

[SESESESI SIS

(SIS SIS IS IS IS SIS IS BSOS S S S

[SECSEESS SIS IS IS IS IS B IS B IS S S S S

.000000
.000000

097213

. 000000
.000000
.097213

9

.097213
.000000
.000000
.048607
.000000

000000

.048607

000000

.000000
.097213
.000000
. 000000
.048607
.000000

000000

.048607
.000000

000000
17
000000

.000000
.000000
.086833
. 000000

000000

.086833

000000

.000000
.000000

000000

. 000000

086833

.000000
.000000
.086833
.000000

000000

coord = phi(2)

0 NO Ul WNPE

PRERERPRRPRRPRP PR
CONOUIAWNRSO

[SESESSESTI SIS SIS IS S SESESESESESESES]

1

.000000

000000

.172479
.495947
.000000
.086239
.495947
. 000000

086239

.000000

000000

.172479
.495947

000000

.086239
.495947
.000000
.086239

9

[SESEISISESESE SIS IS EISESE SIS S S S ESES]

[SESESESISESE SIS ESESESESESESESES ESES]

[SECSESESIESE SRS IS ES RS IS IS S S S ESES]

.075672
.000000
.000000
.075672
.000000
.000000

10

.000000
.000000
.084718
.000000
.000000
.097213
.000000
.000000
.097213
.000000
.000000
.084718
.000000
.000000
.097213
.000000
.000000
.097213

18

.097213
.000000
.000000
.048607
.000000
.000000
.048607
.000000
.000000
.097213
.000000
.000000
.048607
.000000
.000000
.048607
.000000
.000000

2

.000000
.000000
.000000
.154063
.000000
.000000
.154063
.000000
.000000
.000000
.000000
.000000
.154063
.000000
.000000
.154063
.000000
.000000

10

1 1
[SESESESISIS)

[SEUSES ST SRS IS IS IS SIS IS BSOS S S S

[SECSESSESIS SIS SRS ESES RS ESESESESESES]

.042359
.000000
.000000
.042359
.000000
.000000

11

. 000000
.000000
.000000
.075672
. 000000
.000000
.075672

000000

.000000
.000000
.000000
. 000000
.075672
.000000
. 000000
.075672
.000000
.000000

3

.172479
.000000
. 000000
.086239
.000000
.000000
.086239
. 000000
.000000
.172479
. 000000
. 000000
.086239

000000

.000000
.086239
.000000
.000000

11

[SESESESI SRR E SIS ESESIS S SESESESES]

.000000
.086833
.048607
.000000
.086833
.048607

12

.084718
.000000
.000000
.042359
.000000
.000000
.042359
.000000
.000000
.084718
.000000
.000000
.042359
.000000
.000000
.042359
.000000
.000000

4

.495947
.154063
.086239
.495947
.077031
.043120
.000000
.077031
.043120
.495947
.154063
.086239
.495947
.077031
.043120
.000000
.077031
.043120

12

.086833
.000000
.000000
.086833
.000000
.000000

13

. 000000
.075672
.042359
.000000
.086833
.048607
.000000
.086833
.048607
.000000
.075672
.042359
.000000
.086833
.048607
.000000
.086833

-0.048607

[SECSESESIS SIS SRS SIS RS ESESESESESES]

5

.000000
.000000
.000000
.077031
.000000
.000000
.077031
.000000

000000

.000000
. 000000
. 000000
.077031
.000000
. 000000
.077031
.000000
.000000

13

[SESESEISISESESE SIS ESESE SIS SESESESES]

[SESESESISESESESESESESESESESESESESES]

[SECSESEISIN SIS

.048607
.000000

000000

.048607
.000000
.000000

14
000000

.000000
.000000
.086833
.000000

000000

.086833

000000

.000000
.000000
.000000
.000000

086833

.000000

000000

.086833
.000000
.000000

6

.086239
.000000
.000000
.043120
.000000
.000000
.043120
.000000

000000

.086239

000000

.000000
.043120

000000

.000000
.043120
.000000
.000000

14

[SEUSESESIS SIS SIS B S BSOS SRS ES]

-0.
.154063
.086239
.000000
-0.
-0.
.495947
-0.
-0.
-0.
.154063
.086239
.000000
-0.
-0.
.495947
-0.
-0.

[SESESESESS)

000000

.086833

048607

.000000
.086833
.048607

15

.097213
.000000
.000000
.048607
.000000

000000

.048607

000000

. 000000
.097213
.000000
. 000000
.048607
.000000

000000

.048607
.000000
.000000

7
495947

077031
043120

077031
043120
495947

077031
043120

077031
043120
15

[SESESESISESESESESESESE SRS SESESESES]

.086833
.000000
.000000
.086833
.000000
.000000

16

.000000
.075672
.042359
.000000
.086833
.048607
.000000
.086833
.048607
.000000
.075672
.042359
.000000
.086833
.048607
.000000
.086833
.048607

8

.000000
.000000
.000000
.077031
.000000
.000000
.077031
.000000
.000000
.000000
.000000
.000000
.077031
.000000
.000000
.077031
.000000
.000000

16



0 NO UL WNPE

PR RRPRR PP R R
CONOUIAWNRSO

O NO Ul WNPE

PR ERRPRRPP PR
CONOUIAWNRSO

1

3

[SECSES IS IS SIS IS IS S SIS IS BSOS RS S

[SEUSESEGSTR SRS IS IS IS IS IS B S S S S

086239

.000000

000000

.043120
.000000

000000

.043120

000000

.000000
.086239
.000000
.000000
.043120
.000000

000000

.043120
.000000
.000000
17

000000

.000000

000000

.077031
. 000000

000000

.077031

000000

.000000
.000000
. 000000
. 000000
.077031
.000000

000000

.077031
.000000

000000

.000000
.000000
.172479
.495947
.000000
.086239
.495947
000000
.086239
.000000
.000000
.172479
.495947
.000000
.086239
.495947
.000000
.086239
18
.086239
.000000
.000000
.043120
.000000
.000000
.043120
.000000
.000000
.086239
.000000
.000000
.043120
.000000
.000000
.043120
.000000
.000000

[SESISISESESESESEISESI SRS E SRS RS IS

|
[SES)

|
[SECSESEISIE ISR IS IS RS RS S S S ESES]

[SECSES IS IS SIS IS IS B SIS IS B S RSN

.000000
.000000
.000000
.154063
.000000
.000000
.154063
.000000
.000000
.000000
.000000
.000000
.154063
.000000
.000000
.154063
.000000
.000000

[SESESESISESESESESESESESESERSESESESES]

.172479
.000000
.000000
.086239
.000000
.000000
.086239

000000

.000000
.172479
.000000
.000000
.086239
.000000
.000000
.086239
.000000
.000000

.495947
.154063
.086239
.495947
.077031
.043120
. 000000
.077031
.043120
.495947
.154063
.086239
.495947
.077031
.043120
.000000
.077031
.043120

[SESESESISESESESESESESESESERSESESESES]

.000000
.000000

000000

.077031
.000000
.000000
.077031

000000

.000000
.000000
.000000
.000000
.077031
.000000

000000

.077031
.000000
.000000

[SECSES IS IS IS S S SIS S ESESESESES]

086239

.000000

000000

.043120
.000000

000000

.043120

000000

.000000
.086239
.000000
.000000
.043120
.000000

000000

.043120
.000000
.000000

-0.
-0.
-0.
.000000
.077031
.043120
.495947
.077031
.043120
.495947
.154063
.086239
.000000
.077031
.043120
.495947
.077031
.043120

495947
154063
086239

D 09.0.9.0.9.0.9.0.9.0.9.0.0.9.09.0.9.0.9.0.9.0909.0909.0.909090909090909090990909090909090909090909090909990909099099990909090909

C. Deformation part

C.I) Deformation part

(D
t(2)
(3
t(4)

R
tau(l)
tau(2)
tau(3)
tau(4)

t(1)
t(2)
t(3)
t(4)

R
tau(l)
tau(2)
tau(3)

Q.
-0.

Q.
-0.
.166667
.000000
.000000
.000000
.000000

[SESESESESIS RSN

x1

166667
166667
166667
166667

z3

.000000
.000000
.000000
. 000000
.000000
.000000
.000000
.000000

: (2N-3) x 3N Partial derivatives (d zeta_n /d r_beta)

yl
.166667
.000000
.166667
.000000
.000000
.000000
.545864
000000
.484336

x4
.166667
.166667
.166667
.166667
.166667
.000000
.000000
.000000

NONSOOSOSSS

[SECSESESEISTI SIS I

z1
000000
.000000
000000
.000000
.000000
.000000
.000000
000000
.000000
y4
.166667
.000000
.166667
.000000
000000
.000000
.545864
.000000

[SESESESISESESESES]

(SIS IS IS B S B RNS]

x2
.166667
.166667
.166667
.083333
.083333
.000000
.000000
.000000
.481625

z4
.000000
.000000
000000
.000000
000000
.000000
.000000
.000000

|
[&) IES SIS SIS IS IS IS

[SECSESESEISI SIS ]

y2

.166667
.000000
.166667
.144338
.144338
.000000
.545864
.000000
. 742168
x5

.166667
.166667
.166667
.083333
.083333
.000000
.000000
.000000

WONSOSOSOSS S

[SESISESES IS B RNS]

z2
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

y5
.166667
.000000
.166667
.144338
.144338
.000000
.545864
.000000

[SESESEGSIS SIS SRS

ONSOSOoOSSSeS

x3
.166667
.166667
.166667
.083333
.083333
.000000
.000000
.000000
.481625

z5
.000000
.000000
.000000
.000000
000000
.000000
.000000
.000000

[ ISEISIISISE SIS IS ES]

[SESISESE SIS EISES]

y3
.166667
.000000
.166667
.144338
.144338
.000000
.545864
000000
.742168

X6
.166667
.166667
.166667
.083333
083333
.000000
.000000
.000000

WONOSOOSOSSS

[SECSES SIS SIS IS



tau(4)

t(1)
t(2)
t(3)
t(4)

R
tau(l)
tau(2)
tau(3)
tau(4)

S

.000000
y6

.166667
.000000
.166667
.144338
.144338
000000
.545864
.000000
. 742168

|
WONOSOSSSS

0.000000
z6
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

C. II) Deformation part: B-matrix
(d zeta_n /d r_alpha)

t(L
(2
t(3)
t(4)

R
tau(l)
tau(2)
tau(3)
tau(4)

t(D
t(2)
t(3)
(4

R
tau(l)
tau(2)
tau(3)
tau(4)

t(1)
t(2)
t(3)
t(4)

R
tau(l)
tau(2)
tau(3)
tau(4)

x1
.000000
.000000
000000
.000000
.000000
.000000
.000000
.000000
.000000

z3
.166667
.166667
.166667
.083333
.083333
.000000
.100218
.000000
.581843

y6
.166667
.000000
.166667
.144338
.144338
.000000
.603725
.000000
.684307

[SESESESESESESESES]

[OQISISESESESESESES]

|
WONSOOSSSS

yl
0.166667
0.000000
0.166667
0.000000
0.000000
0.000000
-2.430142
0.000000
-7.368613

x4
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

z6
0.166667
0.166667
0.166667
-0.083333
-0.083333
0.000000
-0.100218
0.000000
-6.581843

elements for N-3

7.484336

z1

0.166667
-0.166667
0.166667
-0.166667
-0.166667
0.000000
0.000000
0.000000
0.000000
v4

.166667
.000000
.166667
.000000
.000000
.000000
.430142
. 000000
.368613

NONOOSOOSSeS

0.000000

x2
.000000
.000000
000000
.000000
000000
.000000
.000000
000000
.000000
z4
.166667
.166667
.166667
.166667
.166667
.000000
000000
.000000
.000000

[SECSES SIS IS SIS

[SECSIES IS S SIS S

-6.481625

y2
.166667
.000000
.166667
.144338
.144338
.000000
.603725
.000000
.684307
x5
.000000
.000000
.000000
.000000
000000
.000000
.000000
.000000
.000000

WONOSOOSOSSS

[SESISISE SIS RS RS RS

3.742168

z2
.166667
.166667
.166667
.083333
.083333
.000000
.100218
.000000
.581843
y5
.166667
.000000
.166667
.144338
.144338
.000000
.603725
.000000
.684307

1
[EISTIES IS IISENSI S SIS

|
WONOSOSSSS

0.000000

x3
.000000
.000000
.000000
.000000
000000
.000000
.000000
.000000
.000000
z5
.166667
.166667
.166667
.083333
.083333
.000000
.100218
.000000
.581843

[SESEUSESE SIS IS SIS

[ INSINSISI SIS I S B S IS

C. III) Deformation part: Derivatives of B matrix: (d B_i /d r_alpha) (2N-3) x 3N x 3N

coord = t(1)

00 NO UL D WNPE

PR PP
PWNR OV

[SECSESESESES IS IS IS S RS

1

.075973
. 000000
. 000000
.023049
.000000

000000

.014937
.000000

000000

. 000000

000000

.000000
.052924
. 000000

[SESISESES IS ESEISESI SR SRS SRS

2

.000000
.038574
.019287
.000000
.028931
.002584
.000000
.009644
.002584
.000000
.000000
.019287
.000000
.009644

[SECSESESEISEE SIS IS IS IS S S

3

.000000
.019287
.000000
.000000
.009644

016703

. 000000
.009644
.016703
. 000000
.019287
.000000
.000000
.009644

[SICSISESESESESEISESI SR SRS RS RS

4

.023049
.000000
.000000
.029875
.000000

000000

.067862
.000000

000000

.052924

000000

.000000
.000000
.000000

[SECSESESESE SIS IS SIS S S RS

5

.000000
.028931
.009644
.000000
.019287
.007060
. 000000
.000000
.007060
. 000000
.009644
.009644
.000000
. 000000

6

.000000
.002584
.016703

000000

.007060

033406

.000000
.026347

033406

.000000

035990

.016703
.000000
.026347

[SECSESESESESES IS IS SIS S RS

7

.014937
. 000000
.000000
.067862
.000000

000000

.105848
.000000

000000

.090911

000000

.000000
.037987
.000000

-6.481625

puckering coordinates: (2N-3) x 3N partial derivatives

y3
.166667
.000000
.166667
.144338
.144338
.000000
.603725
.000000
.684307
X6
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

WONSOOOSSSS

[SECSIES IS IS IS S

8

.000000
.009644
.009644
.000000
.000000
.026347
.000000
.019287
.026347
.000000
.028931
.009644
.000000
.019287



15
16
17

0N UL~ WNBE

e N e
O NOUAWNROOO®

0 NO UL D WNPE

©o

10
11
12
13
14
15
16
17
18

coord = t(2)

O oo~NOOUTLHA WNBE

1 1 1 1 | 1
[SECSES IS SRS IS B IS IS IS NS S SIS

[SECSES IS SIS IS IS IS IS S SIS S RS S

[SECSIES IS S I IS IS B IS B NS S SIS

(SIS

.000000
.090911
. 000000
. 000000

9
000000

.002584
.016703
.000000
.007060
.033406
.000000
.026347
.033406

000000

.035990
.016703
.000000
.026347

000000

.000000

007060

. 000000

17

.000000
.028931
.009644
.000000
.019287
.007060
. 000000

000000

.007060

000000

.009644
.009644

000000

. 000000

026347

.000000
.019287
.026347

1

.072573
. 000000
.000000
.020694
. 000000

000000

.020694
.000000
. 000000
.072573

000000

.000000

020694

. 000000
.000000
.020694
. 000000
. 000000

9

.000000
.000000

[SECSISESESE SIS EIS IS EGSI SR SR SIS S S SRS

[SECSINSESESES IS IS RIS EISI SR SIS S S SRS

|
(SIS

[SECSESESES B BN IS IS IR ISR IS B SIS IS IS

.035990
.000000
.028931
.035990

10

.000000
.000000
.000000
.052924
.000000
.000000
.090911

000000

.000000

075973

.000000
.000000
.023049
.000000
.000000
.014937
.000000
.000000

18

.000000
.035990
.016703
.000000
.026347
.000000
.000000
.007060
.000000
.000000
.002584
.016703

000000

.007060
.033406
.000000
.026347
.033406

2

.000000
.424311
.000000
.000000
.424311
.000000
.000000
.424311
.000000
.000000
.424311
.000000
.000000
.424311
.000000
.000000
.424311
.000000

10

.072573
.000000

[SECSIECSESEINSI SIS IS B S S SRS ESES]

.016703
.000000
.009644
.016703

11

.000000
. 000000
.019287
.000000
.009644
.035990
.000000
.028931
.035990
. 000000
.038574
.019287
.000000
.028931
.002584
.000000
.009644
.002584

3

. 000000
. 000000
.000000
.000000
. 000000
. 000000
.000000
.000000
. 000000
. 000000
.000000
.000000
. 000000
. 000000
.000000
.000000
. 000000
.000000

11

.000000
.424311

[SESESISISESESESESESISESE SR SRS S

(SIS

.000000
.037987
.000000
.000000

12

.000000
.019287
.000000
.000000
.009644
.016703
.000000
.009644
.016703
.000000
.019287
.000000
.000000
.009644
.016703
.000000
.009644
.016703

4

-0.020694

[SESISISESESESESEISINSI SRS E SRS SIS

[S]

(SIS

.000000
.000000
.038837
.000000
.000000
.038837
.000000
.000000
.020694

000000

.000000
.038837
.000000
.000000
.038837
.000000
.000000

12

.000000
.000000

[SECSES IS SIS IS IS IS IS IS IS IS S RS

[SECSISESENSI SIS S BSOS SRS RS ESES]

[S]

.026347
.000000
.019287
.026347

13

.052924
. 000000
.000000
.000000
.000000
.000000
.037987
.000000
.000000

023049

.000000
.000000
.029875
.000000
.000000
.067862
. 000000
. 000000

5

. 000000
.424311
.000000

000000

.424311

000000

.000000
.424311
. 000000
. 000000
.424311
.000000

000000

.424311
.000000
.000000
.424311
.000000

13

.020694
. 000000

[S)

[SESINSESESESESESESEISI SR SRS SESES SRS

.000000
.000000
.007060
.000000

14

.000000
.009644
.009644
.000000
.000000
.026347
.000000
.019287
.026347

000000

.028931
.009644
.000000
.019287

007060

.000000
.000000
.007060

6
000000

.000000
.000000

000000

.000000

000000

.000000
.000000
.000000
.000000

000000

.000000

000000

.000000
.000000

000000

.000000
.000000

14

.000000
.424311

[SECSESESTIS RS EISES IS B IS IS SIS SN

S

[SEISIES IS

000000

.000000
. 000000
.000000

15
000000

.035990
.016703
.000000
.026347
. 000000
. 000000

007060

.000000

000000

.002584
.016703
.000000
.007060

033406

.000000
.026347

-0.033406

[SECSIS SIS IS S B ES RS ESESESESES]

S

7
020694

.000000
.000000

038837

. 000000

000000

.038837
.000000
. 000000
.020694

000000

.000000

038837

.000000
.000000

038837

. 000000

000000
15

000000
.000000

|
[SESISIS]

[SESISESESESESESEISEISI SRR SRS ESES S NS

[SESISESESESESESESESI SR SE SRS ESESESES]

|
(SIS

.007060
.000000
.000000
.007060

16

.090911
.000000
.000000
.037987
.000000
.000000
.000000
.000000
.000000
.014937
.000000
.000000
.067862
.000000
.000000
.105848
.000000
.000000

8

.000000
.424311
.000000
.000000
.424311
.000000
.000000
.424311
.000000
.000000
.424311
.000000
.000000
.424311
.000000
.000000
.424311
.000000

16

.020694
.000000



3 0.000000
4 0.000000
5 0.000000
6 0.000000
7 0.000000
8 0.000000
9 0.000000
10 0.000000
11 0.000000
12 0.000000
13 0.000000
14 0.000000
15 0.000000
16 0.000000
17 0.000000
18 0.000000
17
1 0.000000
2 -0.424311
3 0.000000
4 0.000000
5 0.424311
6 0.000000
7 0.000000
8 -0.424311
9 0.000000
10 0.000000
11 0.424311
12 0.000000
13 0.000000
14 -0.424311
15 0.000000
16 0.000000
17 0.424311
18 0.000000
coord = t(3)
1
1 -0.075973
2 0.000000
3 0.000000
4 -0.023049
5 0.000000
6 0.000000
7 0.014937
8 0.000000
9 0.000000
10 0.000000
11 0.000000
12 0.000000
13 -0.052924
14 0.000000
15 0.000000
16 -0.090911
17 0.000000
18 0.000000
9
1 0.000000
2 0.002584
3 0.016703
4 0.000000
5 -0.007060
6 0.033400
7 0.000000
8 -0.026347
9 0.033400

[SESISISESESESESESEISI SRS SRS RS S

[SECSESISESE SRS IS IS RS S S S ES ESES]

[SEASISESESE SIS ESEISEGSIE SR SIS S S S SRS

[SESISESE SIS RS RIS S]

.000000
.020694
.000000
.000000
.020694
.000000
.000000
.072573
.000000
.000000
.020694
.000000
.000000
.020694
.000000
.000000

18

.000000
.000000
.000000
.000000

000000

.000000
.000000

000000

.000000

000000

.000000
.000000
.000000
.000000

000000

.000000
.000000
.000000

2

.000000
.038574
.019287
.000000
.028931
.002584
.000000
.009644
.002584
.000000
.000000
.019287
.000000
.009644
.035990
.000000
.028931
.035990

10

.000000
.000000
.000000
.052924
.000000

000000

.090911
.000000
.000000

[SECSIESS ISR BN ENS IS B ES B S B IS IS IS

[SESESENSEISESESEISESE S BN IS IS IS SIS

1
[SES]

.000000
.000000
.424311
.000000
.000000
.424311
. 000000

000000

.424311
.000000
. 000000
.424311

000000

.000000
.424311
. 000000

3

. 000000
.019287
.000000
. 000000
.009644
.016703
.000000
.009644
.016703
.000000
.019287
. 000000
. 000000
.009644
.016703
. 000000
.009644
.016703

11

. 000000
. 000000
.019287
.000000
.009644
.035990
.000000
.028931
.035990

[SESISISESESESESESEISI SRS E SRS SIS

.000000
.000000
.000000
.000000
.000000
.000000
.000000

000000

.000000
.000000
.000000
.000000

000000

.000000
.000000
.000000

4

-0.023049

[SESESISESESESESESESI SRS SR SSRGS

[SESISESE SIS RS RIS IS

0.
.000000
.029875
.000000

000000

000000

.067862

000000

.000000
.052924

000000

.000000
.000000
.000000
.000000
.037987
.000000
.000000

12

.000000
.019287
.000000

000000

.009644
.016703
.000000
.009644
.016703

[SECSISESESES RIS IS IS BB S B IS IS IS

[SECSES IS IS IS IS IS B IS B S S SRS S

[SESIS IS ISES IS SIS

.000000
.038837
. 000000
. 000000
.038837
.000000
. 000000
.020694
.000000
.000000
.038837
. 000000

000000

.038837
. 000000
.000000

5

. 000000
.028931
.009644
. 000000
.019287
.007060
.000000
. 000000
.007060
.000000
.009644
.009644
.000000
.000000
.026347
. 000000
.019287
.026347

13

.052924
. 000000
.000000

000000

. 000000
.000000
.037987
.000000
. 000000

[SESESISESESESESESESI SRR SRS RS IS

000000

.000000

424311

.000000
.000000
.424311
.000000

000000

.424311
.000000
.000000
.424311

000000

.000000

424311

.000000

6
000000

.002584
.016703
.000000
.007060

033406

.000000

026347

.033406
.000000

035990

.016703

000000

.026347
.000000
.000000
.007060
.000000

14

.000000
.009644
.009644
.000000
.000000
.026347
.000000
.019287
.026347

[SESIS IS ESES IS SIS

[SECSIS SIS ES RSN IS BB S B IS IS S

[SECSESESISES SIS IS BSOS SRS RS ESES]

000000

.000000

000000

.000000
.000000

000000

. 000000

000000

.000000
000000
.000000
.000000

000000

.000000

000000

.000000

7
014937

.000000
.000000
.067862
.000000

000000

.105848

000000

. 000000
.090911

000000

. 000000
.037987
.000000
.000000
. 000000
.000000

000000
15
000000

.035990
.016703

000000

.026347

000000

.000000
.007060
.000000

[SESISISESESESESESESI SRR SR SRS IS

[SESESISESESESESESESESESESESESESESES]

[SESISESE SIS IS RIS S]

.000000
.038837
.000000
.000000
.038837
.000000
.000000
.020694
.000000
.000000
.038837
.000000
.000000
.038837
.000000
.000000

8

.000000
.009644
.009644
.000000
.000000
.026347
.000000
.019287
.026347
.000000
.028931
.009644
.000000
.019287
.007060
.000000
.000000
.007060

16

.090911
.000000
.000000
.037987
.000000
.000000
.000000
.000000
.000000
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11
12
13
14
15
16
17

O ooO~NOOUTLHA WNBE
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17
18

coord = t(4)
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[SECSEECS SIS IS IS IS IS IS IS B SSRGS

[SESENSESI SIS SIS S S S S ESESESESESEST

[SECSESESEISTES IS B ESI S IS IS IS IS

.000000
.035990
.016703
. 000000
.026347
.000000
. 000000
.007060
.000000

17

. 000000
.028931
.009644
.000000

019287

.007060
.000000
.000000
.007060

000000

.009644

009644

. 000000
.000000
.026347
. 000000

019287

.026347

1

.037987
.000000

000000

.018993
.000000

000000

.018993

000000

.000000
.037987
. 000000
.000000

018993

.000000

000000

.018993
.000000

000000
9

. 000000
.080271
.000000
. 000000
.540135
.935542
.000000
.540135
.935542
.000000
.080271
. 000000
. 000000
.540135
.935542
. 000000

|
[SESESISESESESESES]

1
roSore

[SECSISISE SR SRS IS RIS EISES I SIS S S S ES]

Srooore

[SESISESELS IS ESESEISIR I SRS IS S S S

.075973
.000000
.000000
.023049
.000000
.000000
.014937
.000000
.000000

18

.000000
.035990
.016703
.000000
.026347
.000000
.000000
.007060
.000000
.000000
.002584
.016703
.000000
.007060
.033406
.000000
.026347
.033406

2

.000000
.247389
.000000
.000000
.623695
.080271
.000000
.623695
.080271
.000000
.247389
.000000
.000000
.623695
.080271
.000000
.623695
.080271

10

.037987
.000000
.000000
.018993
.000000
.000000
.018993
.000000
.000000
.037987
.000000
.000000
.018993
.000000
.000000
.018993

Q.
Q.

000000
038574

-0.019287

0.
0.

000000
028931

-0.002584

Q.
Q.

000000
009644

-0.002584

[SE SIS ESESI SIS IS S SRS

[SECSESESIS SIS S S S S ESESESESESES]

3

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

11

. 000000
.247389
.000000
. 000000
.623695
.080271
.000000

623695

.080271
.000000
.247389
. 000000

000000

.623695
.080271
. 000000

0.

000000

-0.019287

0.
0.

000000
000000

-0.009644
-0.016703

0.
0.

000000
009644

-0.016703

[SESESESISESE SRS ESESESESE SR SESES ESES]

[SESISESES IS RS ESEISIN ISR SIS S S S

4

.018993
.000000
.000000
.019888
.000000
.000000
.038882
.000000
.000000
.018993
.000000
.000000
.019888
.000000

000000

.038882
.000000
.000000

12

.000000
.000000
.000000
.000000
.000000

000000

.000000

000000

.000000
.000000

000000

.000000

000000

.000000
.000000
.000000

[SESESEGSESESESE SRS

[SISESESE S

[SESESESESESESESESES RS IS S S SIS

.023049
.000000
.000000
.029875
.000000
.000000
.067862
.000000
.000000

5

.000000
.623695
. 000000
.000000
.311847
.540135
. 000000
.311847
.540135
.000000
.623695
. 000000
.000000
.311847
.540135
. 000000
.311847
.540135

13

.018993
.000000
.000000
.019888
. 000000
.000000
.038882
. 000000
. 000000
.018993

000000

. 000000
.019888
.000000
.000000
.038882

[SESESISESESESESES]

[SESISESES RIS IS IS IS IS S SIS

|
[SES)

[SESISESESESESESESIN SR SRS S S S S

.000000
.028931

009644

.000000
.019287
.007060
.000000
.000000
.007060

6

.000000
.080271

000000

.000000
.540135
.935542
.000000

540135

.935542
.000000
.080271
.000000
.000000
.540135
.935542
.000000
.540135
.935542

14

.000000
.623695
.000000
.000000
.311847
.540135
.000000

311847

.540135
.000000

623695

.000000

000000

.311847
.540135
.000000

Q.
-0.
-0.

Q.

0.
-0.

Q.

Q.
-0.

[SESESEST SR ]

[SECSESESTN SRS IS SIS SIS S BSOS ESESES]

000000
002584
016703
000000
007060
033406
000000
026347
033406

7

.018993
.000000

000000

.038882
.000000

000000

.019888

000000

.000000
.018993
. 000000
. 000000

038882

.000000

000000

.019888
.000000

000000
15

. 000000
.080271
.000000
. 000000
.540135
.935542
.000000
.540135
.935542
.000000
.080271
. 000000
. 000000
.540135
.935542
. 000000

-0.014937

Q.
0.

000000
000000

-0.067862

0.
Q.

000000
000000

-0.105848

[SESISESESESESESESISI SRS ESE SRS RS

[SES)

0.
Q.

[SESISESESESESESESIN SR SRS SESESES]

000000
000000

8

.000000
.623695
.000000
.000000
.311847
.540135
.000000
.311847
.540135
.000000
.623695
.000000
.000000
.311847
.540135
.000000
.311847
.540135

16

.018993
.000000
.000000
.038882
.000000
.000000
.019888
.000000
.000000
.018993
.000000
.000000
.038882
.000000
.000000
.019888
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coord = R
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0 NO Ul WNPE
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CONOUIAWNRS O
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[SEISES IS S

[SECSES IS SIS IS IS IS IS IS IS BSOS RS S

[SECSISESENGSEES RIS S B ISR S B IS IS IS

1
(SIS

(SIS IS

.540135
.935542

17

. 000000
.623695

000000

. 000000
.311847
.540135
.000000
.311847
.540135
.000000
.623695

000000

.000000
.311847
.540135
. 000000
.311847
.540135

1

.037987
. 000000

000000

.018993
.000000
. 000000
.018993

000000

.000000

037987

.000000
.000000

018993

. 000000

000000

.018993
.000000
.000000

9
000000

.016703

000000

. 000000
.008352
.014465
. 000000

008352

.014465
.000000
.016703
. 000000

000000

.008352

014465

. 000000
.008352
.014465

17
000000

.009644
.000000
.000000

[SESESINSIN S

[SESISISESESESESESESI SIS S SRS NS

|
(SIS

[SESESESISE SR SIS ESESESES S SESES ESES]

.000000
.000000

18

.000000
.080271
.000000
.000000
.540135
.935542
.000000
.540135
.935542
.000000
.080271
.000000
.000000
.540135
.935542
.000000
.540135
.935542

2

.000000
.019287
.000000
.000000
.009644
.016703
.000000
.009644
.016703
.000000
.019287
.000000

000000

.009644
.016703
.000000
.009644
.016703

10

.037987
.000000
.000000
.018993
.000000
.000000
.018993

000000

.000000
.037987
.000000
.000000
.018993
.000000
.000000
.018993
.000000
.000000

18

.000000
.016703
.000000
.000000

-0.623695
-1.080271

[SESESESIS SIS IS S ESESESESESESES]

[SECSES IS IS SIS IS IS IS IS IS IS B S RS S

3

.000000
. 000000
. 000000
.000000
.000000
. 000000
. 000000
.000000
.000000
. 000000
. 000000
.000000
.000000
. 000000
. 000000
.000000
.000000
. 000000

11

.000000
.019287
. 000000
. 000000
.009644
.016703
. 000000
.009644
.016703
.000000
.019287
. 000000
.000000
.009644

016703

. 000000
.009644
.016703

[SISESESES B BN IS IS IS ISR B SIS SIS SIS

0.
0.

[SESESESISESESESESESESESESESESESESES]

000000
000000

4

.018993
.000000
.000000
.038882
.000000
.000000
.019888
.000000
.000000
.018993
.000000
.000000
.038882
.000000
.000000
.019888
.000000
.000000

12

.000000
.000000
.000000
.000000
.000000

000000

.000000

000000

.000000
.000000
.000000
.000000

000000

.000000

000000

.000000
.000000
.000000

[SECSIS ISR IS SIS BB S B IS SIS

[SECSENSESIS SIS S S SIS RS ESESESESESES]

Q.
Q.

[SES]

000000
000000

5

.000000
.009644
. 000000
.000000
.004822
.008352
. 000000
.004822
.008352
. 000000
.009644
.000000
.000000
.004822
.008352
.000000
.004822
.008352

13

.018993
.000000
.000000
.038882
.000000
.000000
.019888

000000

.000000
.018993
.000000
.000000
.038882
.000000
.000000
.019888
.000000
.000000

-0.
-0.

311847
540135

6
000000

.016703

000000

.000000
.008352
.014465
.000000

008352

.014465

000000

.016703
.000000

000000

.008352
.014465
.000000
.008352
.014465

14

.000000
.009644
.000000
.000000
.004822

008352

.000000
.004822
.008352
.000000
.009644
.000000

000000

.004822

008352

.000000
.004822
.008352

| | |
[SECSEUS IS IS IS S S S S S ESESESESES]

[SECSESESIS SIS SRS ESES RS ESESESESESES]

Q.
Q.

540135
935542

7
018993

. 000000

000000

.019888
.000000
. 000000
.038882

000000

.000000

018993

.000000
.000000

019888

. 000000

000000

.038882
.000000
.000000

15
000000

.016703

000000

. 000000
.008352
.014465
. 000000

008352

.014465
.000000
.016703
.000000

000000

.008352

014465

. 000000
.008352
.014465

| 1 |
[SISISESESESESESEINSI SRR SE S S ES S S NS

[SESESESISESESESESESESESESESESESESES]

0.
Q.

000000
000000

8

.000000
.009644
.000000
.000000
.004822
.008352
.000000
.004822
.008352
.000000
.009644
.000000

000000

.004822
.008352
.000000
.004822
.008352

16

.018993
.000000
.000000
.019888
.000000
.000000
.038882
.000000
.000000
.018993
.000000
.000000
.019888
.000000

000000

.038882
.000000
.000000
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9
10
11
12
13
14
15
16
17
18

[SECSIESESESIS IS IS S B ST

.004822
.008352

000000

.004822
.008352

000000

.009644

000000

.000000
.004822
.008352
.000000

0.
-0.

004822
008352

coord = tau(l)

O oo ~NOUTLHAWNBE

0 NO UL WNPE
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[any

[SECSIS IS S IS IS S B IS IS IS IS S S

[SECSES IS SIS IS IS IS IS IS IS SIS S SIS

[SECSISESESI SIS IS SIS

1

.000000
. 000000

000000

.000000

000000

. 000000
.000000

000000

. 000000

000000

.000000
.000000
. 000000
. 000000

000000

.000000

000000

. 000000

9
000000

. 000000

000000

.000000
.000000
.000000
.000000

000000

.000000

000000

.000000
.000000

000000

. 000000

000000

.000000
.000000
.000000

17
000000

.000000

000000

.000000
.000000

000000

. 000000

000000

.000000
.000000
.000000

-0.008352
-0.014465

[SESESESINSI SR SIS IS IS RS

0.
.008352
.014465
.000000
.016703
.000000
.000000
.008352
.014465
.000000
.008352
.014465

[SECSISESES IS BN ESEISEGSI SR SIS S S ES SRS

[SECSISESES B BN EIGS RS IR IR SIS IS SIS S S

[SEASISESESE S ESEIS IS IS ]

000000

2

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

10

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

18

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

[SECSIS IS SIS IS IS B IS SIS S S ESES]

[SECSES IS IS IS IS IS IS IS S S ES S RS S

3

.000000
. 000000
.000000
.000000
. 000000
. 000000
.000000
.000000
. 000000
. 000000
.000000
.000000
. 000000
. 000000
.000000
.000000
. 000000
. 000000

11

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

[SECSISESESES IS ESEISEISI SR SRS IS ESES S NS

[SECSISESES RS IS IS RIS I GSE RSB SIS SIS IS NS

4

.000000
.000000
.000000
.000000

000000

.000000
.000000

000000

.000000

000000

.000000
.000000
.000000
.000000

000000

.000000
.000000
.000000

12

.000000
.000000
.000000
.000000
.000000
.000000
.000000

000000

.000000

000000

.000000
.000000

000000

.000000

000000

.000000
.000000
.000000

[SECSISESENSIS I IS IS SIS SIS RS ESES]

[SECSES IS IS SIS IS IS IS IS IS IS BSOS S

5

.000000
.000000
.000000
.000000
. 000000
. 000000
.000000
.000000
. 000000
. 000000
.000000
.000000
. 000000
. 000000
.000000
.000000
. 000000
. 000000

13

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

[SESISESESESESESESESI SR SRS SESESES RS

[SECSISESES RS IS RSN ISR SR SRS IS SIS S NS

6

.000000
.000000

000000

.000000

000000

.000000
.000000

000000

.000000

000000

.000000
.000000
.000000
.000000

000000

.000000

000000

.000000

14
000000

.000000

000000

.000000
.000000
.000000
.000000

000000

.000000

000000

.000000
.000000

000000

.000000

000000

.000000
.000000
.000000

(SIS ESENSIS IS S S SRS ESESESESES]

[SECSES IS SIS IS IS IS IS IS IS SIS S S

7

.000000
. 000000

000000

.000000

000000

. 000000
.000000

000000

. 000000

000000

.000000
.000000
. 000000
. 000000

000000

.000000

000000

. 000000

15
000000

. 000000

000000

.000000
.000000
.000000
.000000

000000

.000000

000000

.000000
.000000

000000

. 000000

000000

.000000
.000000
.000000

[SESISESESESESESESESI SR SRS SESES SRS

[SISISESESESESESENSI SR SRS E SIS S S S NS

8

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

16

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
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13
14
15
16
17
18

[SESIS RS IS SIS

.000000
.000000
.000000
.000000
.000000
.000000
.000000

coord = tau(2)

O ooO~NOOUTLHA WNBE
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[SECSEECS SIS IS IS IS IS B IS B S S S S

(SIS ISIN o) IS IY S I e) IS BE S BN B SIS e ) BN SIS Mo IS

[SISES IO IS S I IS SR e) IS S B e) IS B e IS

1
. 000000
.000000
000000
.494739
000000
.000000
.494739
.000000
. 000000
000000
.000000
000000
.494739
.000000
000000
.494739
000000
.000000

9
. 000000
.488118
.011597
.000000
468031
. 000000
.000000
.488118
.011597
000000
.488118
.011597
. 000000
.468031
000000
.000000
488118
.011597

17
000000
.011597
.488118
.000000
.000000
.468031
. 000000
.011597
.488118
000000
.011597
.488118
000000
. 000000
.468031
.000000
.011597
.488118

[ ICSINSTN RS S E e IS ISR BNSEE S IS B S B ) IS IS

[SECSISESES IS BN IS IS IS IS I SIS IS S S S S

[SECSISESE SIS IS

[SHORSE SR NSNS ORISR ORSE S B BIS IS IS

.000000
.000000
.000000
.000000
.000000
.000000
.000000

2

.000000
.000000
.468031
.000000
.011597
.488118
.000000
.011597
.488118
.000000
.000000
.468031
.000000
.011597
.488118
.000000
.011597
.488118

10

.000000
.000000
.000000
.494739

000000

.000000
.494739

000000

.000000
.000000
.000000
.000000
.494739
.000000
.000000
.494739
.000000
.000000

18

.000000
.488118
.011597
.000000
.468031
.000000
.000000
.488118
.011597
.000000
.488118
.011597
.000000
.468031
.000000
.000000
.488118
.011597

(SISO RSEST RS ESE e IS IS B I SI S B BS]

1
[SHe)]

[SHRSEST RS IS e BN B e ) RS B o) IS RN

[
[2 IS

3

. 000000
.468031
.000000
.000000
.488118
.011597
.000000
.488118
.011597

000000

.468031
. 000000
. 000000
.488118
.011597
. 000000
.488118
.011597

11

. 000000
. 000000
.468031
.000000

011597

.488118
.000000
.011597
.488118

000000

.000000
.468031
. 000000
.011597
.488118
.000000
.011597
.488118

[SESESESE SR SESESESESESESESN SRS ES]

[SHORSE SRR SIS EORSESIORSE SR RS IS IS

4

.494739
.000000
.000000
.060156

000000

.000000
.000000
.000000
.000000
.494739
.000000
.000000
.060156
.000000
.000000
.000000
.000000
.000000

12

.000000
.468031
.000000
.000000
.488118
.011597
.000000
.488118
.011597
.000000
.468031
.000000
.000000
.488118
.011597
.000000
.488118
.011597

[SESERSESESEENSESESESESESESESE S S S

[ IISINS IO ISE S RSI S M) IS S e IS IS B IS IS

5

.000000
.011597
.488118
.000000
.011597
.488118
.000000
.000000
.468031

000000

.011597
.488118
.000000
.011597
.488118
. 000000
. 000000
.468031

13

.494739
. 000000
.000000
.060156
. 000000
.000000
.000000

000000

. 000000
.494739
.000000
.000000
.060156
. 000000

000000

.000000
. 000000
. 000000

[SHONSISEONSESEONSESIORSES R RS ISR IS

[ ISINSI ORI S EORSESINO ISR SR RS IS B IS IS

6

.000000
.488118
.011597
.000000

488118

.011597
.000000
.468031
.000000

000000

.488118

011597

.000000
.488118
.011597
.000000

468031

.000000

14

.000000
.011597
.488118
.000000

011597

.488118
.000000

000000

.468031

000000

.011597
.488118
.000000
.011597
.488118
.000000

000000

.468031

[SESEEESESESESESES ESES N S SRS RS S

[SE RS IS IS IY S I IS EE S BN B SIS B e ) IS IS Mo IS

7

.494739
.000000
.000000
.000000

000000

.000000
.060156
.000000
. 000000
.494739
.000000
. 000000
. 000000
.000000
.000000
.060156
. 000000
. 000000

15

. 000000
.488118
.011597
.000000

488118

.011597
.000000
.468031
. 000000

000000

.488118
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