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‘Abstract

Harmonic analysis is one of the widely used technique in numerical
analysis of data in different fields of mathematical sciences. A
FORTRAN algorithm for 2-dimensional harmonic analysis is presented
in this study. The FORTRAN routines of this algorithm were coded,
developed and tested on ND-560/Cx supermini computer system. This

algorithm was successfully used in three types of data.

Key Words : Harmonic, Spectral, Fourier, Variability, ND, /
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Introduction

Harmonic analysis of any grid point distribution of data has been
one of the widely used technique in the field of numerical analysis.
This perhaps may be due to the simplicity of the trignometric
functions involved in this analysis. The FORTRAN language routines
described here ahe based, with some variants, on Spiegel (1974). The
algorithm presented here has been successfully executed with three
sets of 2-D grid point data. Variation of the variability of the
input data explained by the 2-D spectral distribution for different
sets of 2-D harmonics is discussed in the text. This FORTRAN

algorithm could be used in a problem depending upon the



computational requirement of the problem. Efficient Fourier

Transform (EFT) algorithm is used in the computations of harmonics.

Methodology

The Fourier series (harmonic) analysis of any two dimensional (2-D)
grid point distribution, f(x,y), requires the distribution to be
defined 1in the 2-D interval [(-LX,LX),(~Ly,Ly)] and determined

outside this 2-D domain by the following relations.

]

- fiix + ZLX,y) 5 (g o ), {1.4)
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f(x,y + 2Ly) £z, ¥) (1.B)
In other words, the 2-D distribution has 2-D periodicity with 2Lx
and 2Ly as its periods along x and y direction, respectively. 1-D
Fourier series or Fourier expansion of f(x,y) (for a fixed

direction) is defined by the following equation; Spiegel (1974).

£(x,y) =:E: [A° (y) Cos(mTx/L_) + A% (y) Sin(mMx/L_)] (2)
m X ™m X
m=p
where 1-D Fourier expansion coefficients A;\ (y) and %:\ (y) are

computed using the following equations.

L
A (y) = (1/L) [ f(x,y) Cos(mTTx/Lx) dx (3.4)
m
1 T
L x
A% (y) = (/L) | £(x,y) Sin(mWx/L ) dx (3.B)
m
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We include the second dimension, i.e. y direction, by expressing the
functional dependence of the 1-D Fourier expansion coefficients Ai\
(y) and ﬁi (y) as another 1-D Fourier series expansion in the

following form.

A% (w) = ) [A°° CostnWyst.) # A% sinlall y/L_)] (4.A)
L Z iy y/Ly . Ly/Ly

N=0b
A% (y) = [ASC Cos(nWy/L.) + AS® Sin(nWy/L_ )] (4.B)
™m mn ¥ mn 0

n=o

A o gy 3C 5
where Fourier expansion ccoefficients 7% , go= A and Aiﬁﬁare

mn mn

computed using the following relations.

Ly
ee _ c =
P;hn = (1/LY) Am(y) Cos(nil y/Ly) c_iy (5.8)
"LEJ
Ly
S LN e Y A¢ (y) Sin(nWy/L_) dy (5.B)
Mn y ™ y
_Lj
Ly
Sl (1/L.) | A% (y) cos(nWy/L_) dy (5.C)
mn y ™ y
=1
J
Ly
S3 = 3 e
;‘Lm“ & (‘I/Ly)‘( Am(y) sin(nfy/L.) dy (5.D)

Coefficients A° (y) and Aiq(y) appearing in Egs.(5.4),(5.B),(5.C),
m



and (5.D) are computed using Egs.(3.4),(3.B). On subsituting
Eqs.(4.A) and (4.B) in Eq.(2) we get 2-D Fourier series
representation of any 2-D periodic grid point distribution f(x,y) in

the following form.

£(x,y) =Z 2 [AS® r;os{nﬁy/Ly) + A®® sin(n ﬁ'y/Ly)JCOS(mﬁx/Lx)

mh mn
m=p D=0
+ [A%° Cos(nWy/L. ) + ASS Sin(nVWy/L )1Sin(m NWx/L_) (6)
mn y ™mn ¥ =

For numerical computations we discretise the continuous features.
Let Nx and Ny be the number of grid points along x and y direction,
respectively. If N ( = Nx Eha Ny) is even then the number of cosine
(sine) expansion coefficients are N/2 +1 (N/2 - 1). However, if N is
odd then the number of cosine [sine] expansion coefficients are (N-
1)/2 + 1 [(N-1)/2]. To facilitate simplicity in FORTRAN-77 coding,
we introduce (i) for even N, two additiﬁnal sine expansion
coefficients of =zero wvalues as the first and ,(N/2)th sine
coefficients and (ii) for odd N, we introduce an additional sine
expansion coefficient of 2zero value as the first sine Fourier
expansion coefficient. In FORTRAN-77 computations of these additions
are incorporated by prescribing the maximum number of truncations

(coefficients) NCX and NCY as per the following (FORTRAN-7T7)

statements

NCX

Nx/2 + 1 (7.4)

NCY Ny/2 & (7.B)



for . both types (even/odd) of values':of N, and Ny as INTEGER
arithmatic of FORTRAN-77 will yield desired values of truncations
for both the directions. The discretised equivalent of continuous

2-D Fourier series representation is used in numerical computations

and it is given by the following equation.

Nex WY
£ :jr 2- [A°C Cos(2ngll /n_) + ACS Sin(2ng N /n )]Cos(Zmpﬂ7n )
n=)

+ [47° Cos(2nq N /n_) + i Sin(2nq |\ /n )]Sin(2mpTT/n ) (8)

M y 715 y X
Here (i) NCX and NCY are the maximum values of the truncations along
x and y directions, respectively EE is any (p,q)th grid

P,q

point of the 2-D grid point distribution f(x,y) and qu = f(pAx,qA
y) where A x (A y) is the grid length along x (y) direction (iii)
n, (ny) =N -1 ( Ny - 1) are the number-of grid intervals along x
(y) direction, respectively and (iv) first point in the discrete

representation of Eq.(8) is chosen as the origin.

Egs.(T7.A) and (7.B) give maximum permissible values of
truncations for each direction. However, the values of NCX and NCY
to be used in FORTRAN code will depend wupon the variance
(variability) requirements. For any given 2-D periodiec grid point
distribution, we can tabulate the percentage variance of the grid
point distribution explained by the spectral distribution for

different number of harmonics as per the different wvalues of the



truncations (NCX,NCY). Analysing such a tabular information, we can
fix the wvalues of parameters NCX and NCY as per Lhe required
acceptable variabilty of the spectral distribution. Variance of a 2-
D grid point distribution f(x,y) is computed using the following

relations.

Ny
VARCE (R, 990 = (H M ) ) tey g - €997 ] (9)
% 3 X y a-—i g i’-j
1= d_:.]
i ;
where f 1s mean value of the distribution f(x,y) and is evaluated

as under.

f* . (NxNy)‘1[ §E1 Ziﬂ fi,j] (10)

Percentage variance of the variance, VAR[f], of the original grid
point distribution f(x,y) explained by the variance, VAR[fS], of the

spectral distribution is obtained using the fellowing relation.
PRCNT = 100 * VAR[f_] (VAR[£])™ (11)
Examples

The =zalgorithm worked out in the earlier section is used on three
different sets of 2-dimensional grid point distribution of INPUT
data.In each of these three cases we have considered Nx = Ny = i
which gives maximum number of 2-D harmonics in each direction as 6
i.e. maximum value of variables NCX and NCY in the FORTRAN code is

6.The 2-D grid point distribution obtained by using the maximum

number of 2-D harmonics, for each direction, and the percentage



variance of the INPUT data explained by the spectral OUTPUT data for
a set of different numbers of 2-D harmonics is shown in APPENDIX-B
for the three cases investigated.In each of these cases it is found
that IN?UT/OUTPUT grid point distributions exactly tally with each
other whenever we consider all 2-D harmonics in the execution of the
FORTRAN code.The FORTRAN code for this algorithm 1is listed in
APPENDIX-A. From the tabular information about the percentage
variances given in APPENDIX-B, it is found that the percentage
variance in each of the three cases increases as (i) value of NCX
increases for any fixed value of NCY and (ii) value of NCY increases
for any fixed value of NCX. From the tabular information it is also
seen that value of the percentage variance for a particular choice
of (NCX,NCY) varies from case to case.It is so because the values of
2-D harmonics are intrinsically related with the variability and
builtin characteristies of the INPUT 2-D grid point disﬁribution.
However, depending upon the nature of the computations required in a
problem, the computed 2-D harmonics can further be analysed as per

the computational requirements of the problem.
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APPENDIX-A

LISTING OF ALGORITHM = ROUTINES

-
- — - = e e e

asese DESCRIPTION OF VARIABLES ssesa

P
NX
NY
NCX
NCY

NDM1
NDM2
NDM3
NXHFP
NYHFP
DANGX
DANGY

BCFSX

BSFSX

BCFSY

BSFSY

BCSFSX(MsN-1)

BCSFSX(M/N,2)

BCSFSY(M/N-,1)

BCSFSY(MsNs2)

SCALAR VARIABLES eas

3.1415926536

NUMBER OF GRID PCINTS ALONG X-DIRECTION.
NUMBER OF GRID PCINTS ALONG Y=-DIRECTION.
VALUE OF TRUNCATION ALONG X=DIRECTION.
VALUE OF TRUNCATION ALONG Y=DIRECTION.

AN
AN
AN
AN
AN
AN
AN

CONST :

=

INTERMEDIATE VARIABLE.
INTERMEDIATE VARIABLE.
INTERMEDIATE VARIABLE.
INTERMEDIATE VARIABLE.
INTERMEDIATE VARIABLE.
INTERMEDIATE VARIABLE.
INTERMEDIATE VARIASLE.

an

ARRAY VARIABLES ...

AN ARRAY STORING ANGLES ASSOCIATED WITH
COSINE TERM OF 1-D FOURIER SERIES ALONG
X=DIRECTICN.

AN ARRAY STORING ANGLES ASSOCIATED WITH
SINE TERM OF 1=-D FOURIER SERIES ALONG
X~DIRECTICN.

AN ARRAY STORING ANGLES ASSOCIATED WITH
COSINE TERM OF 1=-D FOURIER SERIES ALONG

Y-DIRECTICN.

AN ARRAY STORING ANGLES ASSPCIATED WITH
SINE TERM OF 1=-D FOURIER SERIES ALONG
Y-DIRECTION.

AN ARRAY STORING SUMMATION OF ANGLES
ASSOCIATED WITH COSINE TERM OF 1-D
FOURIER SERIES ALONG X-DIRECTION.

AN ARRAY STCRING SUMMATION OF ANGLES
ASSOCIATED WITH SINE TERM OF 1-D
FCURIER SERIES ALONG X-DIRECTION.

AN ARRAY STORING SUMMATION OF ANGLES
ASSCCIATED WITH COSINE TERM OF 1-=D
FOURIER SERIES ALONG Y=DIRECTION.

AN ARRAY STORING SUMMATION OF ANGLES
ASSOCIATED WITH SINE TERM OF 1=D
FOURIER SERIES ALONG Y=DIRECTION.

DESCRIPTION CF RCOUTINES senas

DEFINES INTERMEDIATE VARIABLES AND COMPUTES
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ARRAY VARIASLES BCFSX » BSFSX » BCFSY » BSFSY.

ANGLES : IT COMPUTES ARRAY VARIABLES ASSOCIATED WITH 1-D
FOURIER SERIES.

u

SUMANG : IT COMPUTES ARRAY VARIAELES 3CSFSX » BCSFSY.

CFSDBL : IT COMPUTES FOUR 2-D HARMONICS FROM 2-D GRID POINT
DISTRIBUTICN.

FORIER : IT COMPUTES 1-D HARMONICS FROM 1-D GRID POINT
DISTRIBUTION.

SUMDBL ¢ IT GENERATES 2=D GRID POINT DISTRIBUTION USING
FOUR 2=D HARMONICS COMPUTED FROM ROUTINE CFSDBSL.

OBSERV ¢ IT COMPUTES VARIANCE OF A 2-D GRID POINT

DISTRIBUTION.
smesee DESCRIPTICN CF COMMON BLOCCKS seans

COMMON PI/NXsNY,NDM1,NDM2sNDMI NXHFPANYHFP,NCXsNCY-DANGX-DANCGY,

& DXsDY
COMMON/TC/BCFSX(11),8SFSX(11),8CFSY(11),8SFSY(11),BCSFSX(21,11,2),
*BCSFSY(21,11,2)

W S NN M D RS R e S w S e S e e R e e R N W e R e S e

SUBROUTINE CONST

COMMON PI,NX,NY-NDMT1,NDM2,NDM2,NXHFP,NYHFP,NCX,NCY,DANGX-DANGY »
& DX,DY
COMMON/TO/BCFSX(11),BSFSX(11),5CFSYC11),BSFSY(11),BCSFSX(21,11,2),
*BCSFSY(21,11,2)

PI=3.1415926536

NCX=NX/2+1

NCY=NY/2+1

NYHFP=NY/2+1

NXHFP=NX/2+1

CALL ANGLES(NCX-PI,NX,BCFSX,3SFSX)

CALL ANGLESC(NCY,PL,NY,BCFSY,BSFSY) /

CALL SUMANG

RETURN

END .

SUBROUTINE ANGLES(NCX,PI,NX,BCFS,ESFS)

DIMENSION BCFS(NCX),3SFS(NCX)

T=2.*PI/FLOAT(NX)

C=C0s5(T)

S=SINCT)

DO 1 L=1,NCX
BCFSCL)=C1

BSFS(L)=51

A=C1%C=51%S

B=S1*C+C1%S

C1=A

S1=8

RETURN

END

SUBROUTINE SUMANG

COMMON PIL/NXsNY,NDM1,NDMZ,NDMZ,NXHFP,NYHFP,NCX,NCY,DANGX,DANGY .,
& DXsDY
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COMMON/TO/BCFSX(11),BSFSX(11),8CFSY(11),8SFSY(11),BCSFSX(21,11,2),
*BCSFSYC21,11,2) :
T=2.*PI/FLOATI(NX)

ANG=D‘

DO 1 M=1,NXHFP

ANG=ANGH+T
IF(MEQ.NXHFP)ANG=T*FLOAT(NX)
C=C0S (ANG)

S=SINCANG)

C1 =1 -

s1=0.

DO 1 N=1,NCX

BCSFSX(M/N,1)=C1
BCSFSX(M,N,2)=51

A=C1*C=51%S

B=S1%C+C1%5

C1=A |

s1=8

T=2.*PI/FLOATC(NY)

ANG=0.

DO 2 M=1,NYHFP

ANG=ANG+T

IF(M.EQ.NYHFP) ANG=T*FLOATU(NY)
C=C0S (ANG)

S=SINCANG)

c1=1s

$1=0.

DO 2 N=1,NCY

BCSFSY(MsN,1)=C1
BCSFSY(MsN,2)=51

A=C1*%C=S1%S

8=S81*C+C1%5S

C1=A

S1=8B

RETURN

END

SUBROUTINE CFSDBL(F,CC,CS5,SC,5S)

THIS ROUTINE SPLITS A 2-D GRID POINT DISTRIBUTION INTO A DOUBLE
FOURIES SERIES & COMPUTES 2-D FOURIER EXPANSION COEFFICIENTS
CCCMAN) »CSCMAN) »SC(MAN) AND SSC(M,N) USING FOLLCWING SERIES :-

NCX NCY

:-- ;-- CC(M,N)COSCMKX)COSCNLY) + CSCM,NICOSCMKX)SINCNLY)
il / / + SC(MsN)SINCMKX)COSCNLY) + SSCM,N)SINCMKX)SINCNLY)

<k

DIMENSION F(21,21),0CC11,11),CSC11,112,5CC11,11),558C11,11),FC(21).,
*ESC21),FCCC11),FCSC11),FSCC11),F5S5C11),6(21),DC(21,11),D5(21,11)

COMMON PI-NXsNY,NDM1,NDM2,NDM2,NXHFP-NYHFP-NCX/NCY-DANGX,DANGY,
& DX,DY

COMMON/TO’BCFSX(11)1BSFSX(11)IBCFSY(11)IBSFST(11)IECSFSX(21I1112)1
*BCSFSY(21,11,2)

DO 5 J=1,NX

DO 1 K=1,NY

G(K)=F(J,K)

CALL FORIER(GIFCCfFSSINCYINY!ECFSYIBSFSY)

DO 5 K=1,NCY
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DCCJ,KI=FCC(K)

DS(J,K)=FSS(K)

DO 7 K=1,NCY

DO 6 J=1,NX

FCCJI=DCCJ,K)

F5CJ)=DS(J,K)

CALL FORIER(FC,FCC,FCS/NCX,NXsBCFSX,BSFSX)
CALL FORIER(FS,FSC,FSS,/NCX,NX,BCFSX,B3SFSX)
DO 7 J=1,NCX ’
CCCJ,KI)=FCCCJ)

CSCJ,K)=FCS(J)

SCCJ,K)=FSCCJ)

SS(J,K)=FS5CJ)

RETURN

END

SUBROUTINE FORIEZR(X,Y,Z,NC,NDATA,BCFS,BSFS)

FIRST DATA POINT IS CHOSEN AS ORIGIN.
THIS ROUTINE COMPUTES EXPANSION COEFFICIENTS FOR 1-D GENERAL
SERIES.

DIMENSION XC(NDATA) ,Y(NC),Z(NC),SCFS(NC),BSFS(NC)
MAXFC=NDATA/Z+1

NDM1=NDATA-1

NDM2=NDATA=-2

NDM3=NDATA=3

AL=NDATA

FFACR=2./AL

csSum=x«¢1)

DO 1 I=2,NDATA
CSUM=CSUM+X(I)

CSUM=CSUM/AL

PO 2 I=1,NDATA
XCI)=X(I)=-CSUM

Y(1)=CSUM

2(1)=0,

DO 8 M=2,NC

C1=BCFS (M)

§1=BSFS (M)

UKP2=X(NDM1)
UKP1=X(NDM2)+(C1+C1)*xUKP2
K=NDMZ

DO 7 I=1,NDM3
 K=K=1

UK=X(K)+(C1+C1) *UKP1-UKP2
UKP2=UKP1

UKP1=UK

Z(M)=FFACR*UK#*S1
YCM)=FFACR*(XC(NDATA)+UKP1*C1=LKFP2)
IFCC(MOD CNDATA,2)aEQ40) s ANDL(NCLEQ.MAXFC)) Y(NC)=25*%xY(NC)
RETURN

END

SUBROUTINE SUMDBLCA,B,C,D,F)

THIS ROUTINE SUMS UP A 2-D FOURIES SERIES.
HERE (A-,3,C,D) ARE SAME AS (CC,CS,SC,SS) CF "CFSDEL".

DIMENSION AC11,110,8C11,11),CC11,11),0€11,11),F(21,21),G(21,11) #H(
* 21211 )
COMMON PI#NXsNY-NDM1,NDMZ,NOMZ/NXHFP,NYHFP- NCXs/NCY-DANGX,DANGY»
& DX,DY
COMMON/TO/BCFSXC11),BSFSXC(11),8CFSY(11),ESFSY(11),8CSFSX(21,11,2)~
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« BCSFSY(21,11,2)

DO 2 N=71,NCY

DO 2 MX=1,NXHFP

5=0.

T=0.

U=0-

V=0.

DO 1 M=1,NCX

U=U+D (M NI *BCSFSX(MX,M,2)
V=V+C (M N)*BCSFSX(MX,MAT)
S=S+B(iMsN)*BCSFSX(MX,Mr2)
T=T+A(M/N)*BCSFSX(MX,Mr1)
IF(MX=NXHFP) S,56,6
GCNX=MX,N)=T=S
H(NX=MX,N)=V=U
G(MX,N)=T+S

H(MX,N)=V+U

GO TO 2

GCNX,N)=T+S

H(NXsN)=V+U

CONTINUE

DO 3 MX=1,NX

PO 3 MY=1,NYHFP

§=0.

T=O.

DO 4 M=1,NCY
S=S+H(MX, M) XBCSFSY(MY,M,2)
T=T+G(MX, M) *BCSFSY(MY-M,1)
IFCMY=-NYHFP) 7,8,8
FCMXsNY=MY)=T=S
FCMXAMY)=T+S

GO TO 3

FCMX,NY)=T+S

CONTINUE

RETURN

END 4
SUBROUTINE OBSERV(F,NX-NY,VARCSB)

VARIANCE COMPUTATIONS FROM GRID POINT DATA.

DIMENSICN F(NX,NY)

§5=0

DO 1 M=1,NX

DO 1 N=1.NY

S=S+F(M,N)
S=S/CFLOAT(NX)*FLOAT(NY))
VAROS=0.

DO 2 M=1,NX

DO 2 N=1,NY
VAROB=VAROB+(F(M,N)=S)x(F(MsN)=5)
VAROB=VAROCB/ (FLOAT(NX)*FLCAT(NY))
RETURN

END



APPENDIX B

EXAMPLES

Case (1)

2-D grid point distribution of INPUT data for this case is ...

« X=Direction ...

0=0 050 0.0 0.0 0.0 0.0 0.0 0.0 {0 0.0 0
0.0 3.45 5.50 5.58 .45 0.0 —3.45 =5.59 =5.50 =3.45 0.
0.0 5.5 .65 .05 5.9 0.0 ~5.59 -9.05 =9.05 ~5.59 0.
0.0 5.59 9.05 9.05 5.59 0.0 =-5.59 -9.05 -9.05 -5.59 0.
0.0 3.88 5,50 5.5 3.5 6.0 -3.85 51503560 -3.45 0.
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
0.0 =3.45 -5,59 -5.50 '=3.45 0.0 3.5 5.59°5.59 3.45 0.
0.0 =-5.59 -9.05 -9.05 -5.59 0.0 5.59 9.05 9.05 5.59 O.
0.0 ~5.59 <9.05 -9.05 =5.59 0.0  5.59 9.05 8.05 5.59 0.
0.0 -3.U5 -5.59 -5.59 -3.45 0.0 3.45 5.59 5.59 3.45 0.
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0

Percentage variance of the input distribution explained by the

spectral distribution for different sets of 2-D harmonics.

NGXS s 1 2 3 4 51 6
NCY
6 0.0 95.96 98.33 99.12 99.61 100.00
5 0.0 95.58 97.94 98.73 99.21 99.61



n 0.0 95.11 97.46 98.25 98.73 99.12
3 0.0 94.35 96.68 97.46 97.94 98.33
2 0.0 92.08 94.35 95.11 95.58 95.96
1 0.0 0.8 0.0 00 B0 0.0

Grid point distribution obtained from 2-D Fourier series with NCX

and NCY

s X=Pireetion s

o
o

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 3.45 .59 5.59 3.85 0.0 =3.45 =5.859 =5.59 -3.45 0.0
0.0 5.59 .05 9.05 5.59 0.0 -5.59 -9.05 -9.05 -5.59 0.0

.59 5.59 3.45 0.0 =3.45 -5.59 -5.50 -3.45

5

9
0.0 5.59 9.05 9.05 5.59 0.0 =5.59 =-9.05 -9.05 -5.59 0.0

0.0 3.45 B

0

0
0.0 0.0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.
0.0 -3.45 -5.59 -5.59 -3.45 0.0 3.85 5.59 5.59 '3.85 O
0.0 =5.59 -9.05 -9.05 =5.59 0.0 5«59 9.85 . 9005 5.53 0.0
0.0  ~5.59 -9.85 -%.05 5,59 .0.,0 .08 B, 05  "guE@h 5.53 0.0
0.0 -3.45 -5.59 -5.59 -3.45 0.0 345 5.59 §5.59 3.45 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Case (2)

2-D grid point distribution of input data for this case is ...

« X=Direction ...

050 5.88 9.51 9.51 5.88 0.0 -5.88 -9.51 -9.51.-5.88 0.0

"
[



Q.8 1.82 2.94 2.94 1.82 0.0 -1.82 -2.94 -2.94 -1.82 0.0
0.0 -1.82 -2.94 -2.94 -1.82 0.0 1.82 2.94 2.84 1.82 0.0

0.0 -4.76 -7.69 -7.69 -4.76 0.0 .76 T.69 7T.69 H.76 0.0
0.0 =-5.88 -9.51 -9.51 -5.88 0.0 5.88 9.51 9.51 5.88 0.0
0.0 =4.76 -7.69 -7.69 -4.76 0.0 .76 T.69 T.69 4,76 0.0
0.0 -1.82 -2.94 -2.94 -1.82 0.0 1.82 2,94 2.9% 1.82 B.0
0.0 1.82 2.94 2.94 1.82 0.0 -1.82 -2.94 -2.94 -1.82 0.0
0.0 4.76 T7.69 T7.69 U4.76 0.0 -4.76 -7.69 -7.69 -4.76 0.0
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