APPENDIX C
POWER SPECTRA, PHASE SPECTRA,
ESTIMATED FREQUENCIES, AND ESTIMATED DAMPING RATIOS:
SECOND SET OF MEASUREMENTS

A second set of measurements from Buildings A and B were collected at later dates, when the
buildings were at a different stage of construction. Although parameters estimated from these
measurements are not presented in Section 6, the spectra are included in Appendix C for

completeness and for reference in future reports. The measurement dates are as follows:

Building A: August 15, 1991
Building B: August 15, 1991



FIGURE C-1

BUILDING A - Power and Phase Spectra of Measured Acceleration
Measurement Date August 15, 1991

Measurement Sensor Location 52nd Floor, Center
Reference Sensor Location 52nd Floor, West
Sensor Direction North-South
BUILDING A; Power Spectrum; 52nd Floor, Center; N-S
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FIGURE C-2

Measurement Date
Measurement Sensor Location

Reference

Sensor Location

Sensor Direction

August 15, 1991
52nd Floor, Center
52nd Floor, West

East-West

BUILDING A; Power Spectrum; 52nd Floor, Center, E-W

BUILDING A - Power and Phase Spectra of Measured Acceleration
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FIGURE C-3

BUILDING A - Power and Phase Spectra of Measured Acceleration

Measurement Date

August 15, 1991

Measurement Sensor Location 52nd Floor, East
Reference Sensor Location 52nd Floor, West
Sensor Direction North-South

BUILDING A; Power Spectrum; 52nd Floor, East; N-S
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FIGURE C-4

Measurement Date
Measurement Sensor Location

Reference

Sensor Location
Sensor Direction

BUILDING B - Power and Phase Spectra of Measured Acceleration

August 15, 1991
10th Floor, Center
40th Floor, Center
North-South

BUILDING B; Power Spectrum; 10th Floor; N-§
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FIGURE C-5
BUILDING B - Power and Phase Spectra of Measured Acceleration

Measurement Date August 15, 1991
Measurement Sensor Locaton 36th Floor, East
Reference Sensor Location 10th Floor, Center
Sensor Direction North-South
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FIGURE C-6

BUILDING B - Power and Phase Spectra of Measured Acceleration
Measurement Date
Measurement Sensor Location

Sensor Location
Sensor Direction

August 15, 1991
40th Floor, Center
10th Floor, Center

North-South
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FIGURE C-9
BUILDING B - Power and Phase Spectra of Measured Acceleration

Measurement Date August 15, 1991
Measurement Sensor Location 40th Floor, Center
Reference Sensor Location 10th Floor, Center
Sensor Direction East-West
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FIGURE C-10
BUILDING B - Power and Phase Spectra of Measured Acceleration

Measurement Date August 15, 1991
Measurement Sensor Location 36th Floor, West
Reference Sensor Location 36th Floor, East
Sensor Direction North-South
BUILDING B; Power Spectrum; 36th Floo,, West; N-S
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APPENDIX D
SOURCE CODE LISTING FOR COMPUTER PROGRAM AMB

The computer program AMB make extensive use of the numerical analysis libraries

from Numerical Recipes in C; The Art of Scientific Computing [Press et. al 1988]. These

routines are copyright (C) 1987,1988,1992 Numerical Recipes Software and are reproduced
by permission, from the book Numerical Recipes: The Art of Scientifi mputing, published
by Cambridge University Press. Comments in the code indicate page numbers from the book
where the routines came from. Some routines from this book were taken verbatim, whereas

others required some modification,

D.1 Input

Program AMB is interactive with the user, but requires no special graphics interface. The
compiled version of the program has no command line arguments. Control information, such

as sample rate and desired frequency resolution are supplied interactively.

D.1.1 Example of Terminal Session

reeltime 15% amb

Reference data file name: duane.52e.n
Response data file name: duane.52c.n
Number of data points: 60000

Sample rate (Hz): 50

Maximum frequency in the spectrum (Hz): 25.00
Target frequency interval (Hz): 0.01
Actual frequency interval (Hz)}: 0.012207
Points per spectrum: 2048

Number of averages: 28

Amplitude / Phase file name: G52cen
reeltime 16%



The input files must be in ASCII format. The entries in the input files must be separated by
tabs, blank space, or carriage returns (new lines). The time axis of the data must be omitted.
The data files require no special headers. The time histories from the measurement location
sensor and the reference location sensor must be in separate files. (The UNIX command

"more” displays a file page by page.)

D.1.2 Example of Input Files
reeltime 16% more duane.52e.n
-2.889475e-02

-1.002818e-02

1.206781e-02

... following data deleted ...

reeltime 17% more duane.52c.n
4.691148e-02

4.844121e-02

2.226596e-02

... following data deleted ...

D.2 Output

Program AMB creates a single output file of three-column, tab delimited, ASCII data. The first
column contains the frequency axis data. The second column contains the power spectrum data
as computed by equation (5.6). The third column contains the phase spectrum data as

computed by equation (5.9).

D.2.1 Example of Qutput File

reeltime 18% more GS52cen

1.22070313e-02 3.8438816e~-06 1.3000222e+01
2.44140625e-02 3.1228686e-07 7.0814271e+00
3.66210938e-02 2.0304019e-07 1.2047212e+00

... following data deleted ...
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/*****t*******************i********i-*************************************/

/* Program amb.c

- Ambient
/* calculates the power spectra GX,

Vibration Spectral Analysis */

Gy, and Gxy using data sets X & ¥y */

/* Averaging and Windowing are Incorporated. *y
/* W.H. Press et al. Numerical Recipes In C. Cambridge Press - Ch. 12 */

/*

/* to compille: c©

/* {(¢) H.P. Gavin,

*l’

c -0 -0 amp amb.c f£ft.c nrutil.c */

Dept. of Civil Eng., Princeton University, 2-91 */

/********************t*************i******************************'&’*‘}****/

#define MXLN

85

#include <math.h>

#include <stdio.h>
main()
{
char x_filename [MXLN],
y_filename [MXLN],
G_£filename [MXLN],
<
FILE *fpx, *fpy, /* file pointers to X & y data files */
*EpG; /* file pointer to the spectra file */
float *gx, *gy, /* power spectra of x & y data files */
*gXYr, *gxyi, /* real & 1maginary parts of cross spct */
*Coh, /* coherence spectrum */
*Pha, /* phase spectrum */
sy, df, /* sample rate and frequency interval */
w2, /* eircular frequency in rad/sec squared*/
data,
*vector();
int m= 2, /* number of frequency wvalues / segment */
tg _pts, /* target number of freq vals / segment */
k, /* nunber of segments to be averaged */
7, /* counter */
ovrlap = 1, /* 1: overlap segments; 0: no overlap */
points = 0; /* number of data points { 10,000 } */
void spectral(), /* returns spectra and c¢ross spectra */
coh(), /* returns coherence and phase */
free_wvector():
printf (* Reference data file name: “);
scanf ("%s*,x_filename);
if (( fpx=fopen{x_filename, "r*))==NULL} {
printf (* error: cannot open %s\n*,x_filename);

)
printf

exit (0);

" Response

data file name: *};
scanf {*%s",y_£filename);



if (( fpy=fopen{y_filename, "r"))==NULL) (
printf (" error: cannot open %s\n",y_filename);
exit (0);

i* Size The Data */

printf {(* Number of data points: ");
scanf ("%d", &points);
if {(peoints == 0) {
while ( (c=fscanf{fpx,"$f",&data)) != EOF } ++points;
printf (* %d X data points\n",points);
points = 0;
while { (c=fscanf (fpy, "%f",&data)) != EOF } ++points;
printf (Y %4 Y data peoints\n",points};
rewind (fpx);
rewind (fpy);

/* Choose Frequency Resolution */

printf (" Sample rate (Hz): “);

scanf ("%f",&sr);

printf (* Maximum frequency in the spectrum (Hz): %.2f\n", sr/2);

printf (* Target fregquency interval (Hz}: "):

scanf ("%f",&df);

tg_pts = sr/df;

while (m < tg_pts) m <<= 1; m >»= 2;

k = points/m - 1;

df = sr / (2*m);

printf (* Actual frequency interval {Hz): %f\n*, &f);

printf (* Points per spectrum: %d\n", m):

printf (* Number of averages: %d\n®, k);

if (k < 1) ¢(
printf (* error: %4 is too small\n". k);
exit(0);

gx = vector(l,m):
gy = vector(l,m);
gxyr = vector(l,m);
gxyl = vector(l,m);

spectra (fpx, fpy,gx,gy.gxyr,gxyi,m, k,ovrlap};

feclose (fpx);
fclose (fpy);

Coh
Pha

i

vector({(l,m);
vector(l,m);

coh (gx,gy,gxyr,gxyi,Coh, Pha,m);
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/* Print the Spectra */

printf (" Amplitude / Phase file name: "“);
scanf ("%s", G_filename);
if ({ fpG=fopen(G_filename, "w"))==NULL} {
printf (" error: cannot open %s\n",G_filename);
exit (1};
}
for (j=2;j<=m;j++)
fprintf {fpG, "%e\t%e\t2:7.2f\n". {(j-1}*dE, gy ([j],Pha(j]l);
fclose (fpG};

free_vector(Coh,l,m);
free_vector(Pha,l,m);
free_vector(gx,1l,m};
free_vector(gy,1l,m);
free_vector(gxyr,1l,m};
free_vector(gxyi,l,m);

/r Function spectra() */
/* Power Spectra Using The Fast Fourier Transform */
/* Adapted from Numerical Recipes in C - Ch 12 */
/* normalization: SUM(gx{i]) i=1l..m = variance{x) */

static fleat sqrarg;
#define SQR{a) (sgrarg={(a), sgrarg*sgrarg)
#define tpi 6.28318530717959%

#define WINDOW(j,c.b) (0.5-0.5*cos(tpi*((j)-1)*(c))) /* Hanning
/* #define WINDOW(j,a,b) (1.0-fabs({(((j)-1)-(a)}*(b))) /* Parzen
/* #define WINDOW(j,a,b) (1.0-SQR{(((j)-1)-(a))*(b)}))} /* Welch

/* #define WINDOW(j,a,b) 1.0 /* Sguare

void spectra(fpx, fpy,gx.gy.,gxyr,gxyi,m, k,ovrlap)
FILE *fpx, *fpy;

float gxf),gyll.gxyrll.gxyill:
int m, k,ovrlap;

{
int n,tn,tn3,tnd4,kk,j,t3; /* Useful Quantities
float a,b, ¢, sumw=0,0,den=0.0;
float *x1, *x2, *v1,*y2; /* Operating vectors
float *Sx, *Sy: /* FFT'd vectors

float *vector();
void segments(),twofft (), free_vector();

tnd = (tn3 = (tn = n+{n=m+m) }+3)+1;
a =m - 0.5;

b =1.0/{m+0.5);

¢ = 1.0/(n-1.0);

*/
*/
*/
*/

*/

*/
*/



x)l = vector{l,m);
x2 = vector(l,n);
¥l = vector(l,m);
ye = vector(l,n);
Sx = vector(l,tn);
Sy = wvector{(l,tn);
for {(j=1; j<=n; J++)} sumw += SQR{WINDOW(j,c,b}};
for (j=1; j<=m; j++) gx[jl=gy[jl=gxyr(jl=gxyi(jl=0.0; ‘
if (ovrlap) /* Initialize the "save® half-buffer.
for (j=1; j<=m; j++) {
fscanf (fpx, "$£*.&x1[7]);
fscanf (fpy, "$£*,&y1[j]):
}
for (kk=1; kk<=z=k; kk++) {
segments (fpx,x1,x2,a,b,c,m,ovrlap);
segments (fpy,y1l,v2,a,b,c,m,ovrlap):
/* Fourier transform the windowed data
twofft(x2,y2,8x,8y,n,1};
/* Sum the results into the previous segments
gx[1] += (8QR{$x[1]) + SQR(Sx[2]}):
gy{l] += (SQR(Sy[1l])} + SQR(Sy[2]));
for (3=2; j<=m; j++)
ti = j+3;
gx[31] += (SQR(Sx[tj-1]) + SQR(Sx[t3]]}
+ SOQR(Sx[tn3-tj]) + SQR(Sx[tnd-t3j]));
gy[j] += (SQR(Sy[tjl) + SQR(Sy(ti-1])
+ SQR(Sy(tn3-t3]) + SQR(Sy[tnd-tjl});
gxyr[Jj] += (Sx[t3-1]*Sylt)-1] + sSx{t3]*Syit)]
+ Sx[tn3-tjl*sSy[tn3-tj]
+ Sx{tnd-tjl*Syltnd-tjl});
gxyi{j] += (sx[tj)*sSyltj-11 - Sx[tj-11*Sy(t])
- 8x[tnd-tj]*Sy[tn3-t]j]
+ Sx[tn3-tjl*sSy(tnd-t3]);
}
den += sumw;
}
den *= n; /* Correct normalization.
for (j=1; j<=m; Jj++) {
gx[jl /= den;
gy[j]l /= den;
gxyr[j] /= den;
gxyi{j] /= den;
}
free_vector(xl,l,m);
free_vector({x2,1,n);
free_vector(yl,1l,m};
free_vector(y2,1,n);
free_vector(sx,1,tn);
free_vector(sy.l,tn);
return;
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/* Function segments() */
/* Gets two complete segments into the work space */
/* Numerical Recipes in C p446 */

void segments(fp,zl,z2,a,b,c,m,ovrlap)
FILE *fp;
float *zl,*z2;
float a,b,c;
int m, ovrlap;
{
int 15
if {ovrlap} ({
for (j=1: j<=m; j++) z2[jl=21[]];
for (j=1; j<=m; j++) fscanf(fp,"%$£*.&zl(j]):
for (j=1; j<=m; Jj++) z2{m+jl=21[j];:
} else {
for (3=1; j<=m+m; J+4+}
fscanf{fp, “$£*,&z2(3]1);

1
for (j=1; Jj<=m+m; Jj++) /* Apply the window to the data.*/
z2{j] *= WINDOW(J,c,b);
return;
1
/* Function coh{)} */

/* Computes the coherence and the phase functicns using */
/* the power spectra gx and gy and the cross spectrum gxy*/

void coh(gx, gy,gxyr,gxyi,Coh, Pha,m)
float *gx, *gy, *gxyr, *gxyi,
*Coh, *Pha;
int m;
{
int 3;
fleat denl, den2;
for (j=1; Jj<=m; j++) {

denl = SQR(gxyr([j]) + SOR(gxyil{jl);
if (den2 = (gx[jl*gvI(j}) != 0.0)

Coh{j] = denl/den2;
else Coh[j] = 0.0;
if (gxyi[j} i{= 0.0}
Phali] = fabs(atan2(gxyi{j],gxyr(jl}) * 57.28578;
else Pha[j] = Pha{j-1];
}
return;



/t

FILE fft.c */

/* Fast Fourier Transform routines from Numerical Recipes in C, by Press*/
/* et al. Cambridge University Press, 1988 */

#include <math.h>

/* Function fourl{() */
/* Fast Fourier Transform - Numerical Recipes in C p4ll.*/

#define SWAP{a,b) tempr=(a):{a)=(b);{(b)=tempr

void fourl (data,nn,i1sign)

float
int

{

datafl;
nn, isign;

int n,mmax,m,j,istep, i;
double wtemp,wr,wpr,wpi,wi,theta;

float tempr, tempi;

n=nn << 1;

i=%;
for (i=1l;1<n;i+=2) { /* Bit Reversal */
if (j > i) |
SWAP{(data{j],datali]);
SWAaP{data[j+1],datali+1])};
}
m=n >> 1;
while (m >= 2 &&% j > m} {
J -= m;
m >>»= 1;
}
J = m;
}
mmax=2;

while (n > mmax)
istep = 2*mmax;
theta 6.28318530717959 / {isign*mmax);
wtemp sin{(0.5*theta);
wpr = -2.0*wtemp*wtemp;

wpl = sin{theta);
wr = 1.0;
wi = 0.0;

for (m=1; m<mmax; m+=2)} {

for {i=m; i<=n; i+=istep)
3 = 1 + mmax; /* Danielscn-Lanczo
tempr = wr*data([j] - wi*data[j+1];
tempi = wr*data[j+1] + wi*datalj];
data[j] = datali] - tempr;
data[j+1] = data{i+1l] - tempi;
data[1i] += tempr;
datafi+l] += tempi;

/* Trigonometric Recurrence
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wr = (wtemp=wr)*wpr - wi*wpi + wr;
wi = witwpr + wtemp*wpi + wi;
}
mmax = lstep;
}
return;
}
/* funcrion twoffr()
/* The simultaneocus FFT of twoc real valued functions
/* from Numerical Recipes In C p 415

void twofft(datal,dataz2, £ftl, ££t2,n)
float datall]l,data2[]), f£el(},££L2(];
int n;
{

int nn3,nn2,33,3;

float rep,rem,aip,aim;

vold fourl();

nn3=1+(nn2=2+n+n);

for (j=1,3jj=2;j<=n;j++,jj+=2} {
ffti(jj-1]l=datal(j];
ffri(jjl=dataz([i}];

}

fourl(£ftl,n,1);

£EL2{11=££t1{2];

f£E£t1(2]1=£££2[2)=0.0;

for (j=3;3<=n+1l;9+=2) {
rep=0.5*(ffcl[j]+fftl[nn2-j;};
rem=0.5*(£ft1{7)-£££1[nn2-j1};
aip=0.5*{fft1{j+1}+££t1[nn3-31);
aim=0.5*(££ft1({j+11-£f£ft1nn3-3]);
fft1{jl=rep;
fftl{j+1l=aim;
ffri[nn2-jl=rep;

fftl[nn3-jl] = -aim;
ffr2(j)=aip;
ffe2(3+1] = -rem;

ffe2[nn2-jl=aip;
fft2[nn3-j)=rem;
}

return;
}
/i function realft ()
/* The FFT of 2n real valued discrete function points
/* from Numerical Recipes In C p 417

void realft (data,n,isign)

*/
*/
*/

>/
*/
*/



float datafll;
int n,isign;

{

int 1,311,12,1i3,1i4,n2p3;

float ¢l=0.5,c2,hlr,hli, h2x,h2i;
double wr,wi,wpr,wpl,wtemp, theta;
void fourl{};

theta=3.1415926535857523/ (double) n;

if (isign == 1) {
c2 = -0.5;
fourl{data,n,1l);
} else {
c2=0.5;
theta = -theta;

}

wtemp=sin(0.5*theta);

wpr =

-2.0*wtemp*wtemp;

wpl=sin(theta};
wr=1.0+wpr;

wizwpz;

n2p3=2*n+3;
for (1=2;1<=n/2;1++} (

1d=1+4+(i3=n2p3-(12=1+{(i1=i+1-1})}):
hlr=cl*{data{il]l+data{i3]};
hli=cl*{data{12]-datal[id]};
h2r = -c2*(datal[i2]l+datal[id]);
hZzi=cZ2*(data[ill-data[i3]);
data[il]=hlr+wr*h2r-wi*h2i;
data[i2])=hli+wr*hZi+wi*h2r;
data[i3]=hlr-wr*h2r+wi*h2i;
data[id4] = -hli+wr*h2i+wi*h2r;
wr=(wtemp=wr) *wpr-wi*wpi+wr;
wi=wi*wpr+wtemp*wpi+wi;

}

if {isign == 1) ¢{
dataf{l] = (hlr=data[l])+data[2];
data[2] = hlr-datal[2];

} else [

data[ll=cl*((hlr=data(l]l)+datal[2]};
data[2]=cl*(hlr-data[2]});
fourl(data,n, -1);
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/* FILE nrutil.c
/* Memory allocation functions from Numerical Recipes in C, by Press,
/* Cambraidge University Press, 1988

/* #include <malloc.h> */
#include <«<stdio.h>

typedef struct FCOMPLEX {(flecat r,i;} fcomplex; /* */

void nrerror{error_text) /* print error message to stderr
char error_text(];
{

void exit{);

fprintf (stderr, "Numerical Recipes run-time error...\n"};
fprintf (stderr, "$s\n", error_text);

fprintf (stderr,"...now exiting to system...\n");

exit (1) ;

float *vector(nl, nh) /* allocate storage for a vector */
int nl,nh;

{

float *v;

v=(float *)malloc((unsigned) (nh-nl+l)*sizecf(float));
if {(!v) nrerror(*allocation failure in vector()*);
return v-nl;

}

fcomplex *Cvector(nl,nh)
int nl,nh; /* allocate storage for a complex vector

{

fecomplex *v;

v={fcomplex *)malloc{(unsigned} {(nh-nl+l)~*sizeof (fcomplex)});
1f (!v) nrerror(*allocation failure in Cvector(}");
return v-nl;

}

double *dvector(nl,nh) /* allocate storage for a vector */
int nl,nh;

{

double *v;

v={double *)malloc((unsigned) (nh-nl+1l)*sizeof (double)}:;

if (!v) nrerror(*allocation failure in dvector()");
return v-nl;

}

int *ivector(nl,nh) /* allocate storage for a vector */

D-11

*/
*/
*/

*/

>/



int nl,nh;

{
int *v;
v={1nt *}malloc({unsigned) (nh-nl+1l)*sizecf(int));
if (!v) nrerror("allocation failure in ivector()*};
return v-nl;
}
float **matrix(nrl,nrh,ncl,nch) /* allocate storage for a matrix */
int nrl,nrh,ncl,nch;
{
int i;
float **m;

m=(float **) malloc({unsigned) (nrh-nrl+l)*sizeof(float*));
1f {!m) nrerror{*allocation failure 1 in matrix{)"*);

m -= nrl;

for (i=nrl;i<=nrh;i++) {
m{i]=(float *) mallec{{unsigned) {(nch-ncl+l)*sizeocf(float))
if (!'m(1]) nrerror("allocaticn failure 2 in matrix{)");
m(i) ~-= ncl;

}

return m;

feomplex **Cmatrix(nrl,nrh,ncl, nch)
int nrl,nrh,ncl, nch; /* allocate storage for a Complex matrix -/
{

int i:

fcomplex **m;

m=(fcomplex **)malloc((unsigned) (nrh-nrl+l)*sizeof(fcomplex*));

if (!m) nrerror(*allocation failure 1 in Cmatrix()"):

m -= nrl;

for (i=nrl;i<=nrh;i++) {
m{i]=(fcomplex *)malloc({unsigned) (nch-ncl+1l)*sizeof (fcompl
1f (!m[i]) nrerror{*allocation failure 2 in Cmatrix(}"*);
m[i} -= necl;

)

return m;

}

double **dmatrix({nrl,nrh,ncl,nch) /* allocate storage for a matrix */
int nrl,nrh,ncl,nch;

{

int i;
double **m;

m=(double **) malloc{{unsigned) (nrh-nrl+l)*sizeof {double*)};
if ('m) nrerror(*allocation failure 1 in dmatrix()");
m -= nrl;



for (i=nrl;i<=nrh;i++)
m[il=(double *) malloc({unsigned) (nch-ncl+l}*sizeof(double
if (!m[i]) nrerxror("allcocatiocn failure 2 in dmatrix(}"):

m{i] -= ncl;

}

return m;
H
int **imatrix(nrl,nrh,ncl,nch) /* alleocate storage for a matrix */
int nrl,nrh,ncl, nch;
{

int i;

int **m;

m={int **) malloc({{unsigned) (nrh-nrl+l)*sizeocf(int*});

if (!m) nrerror(*allocation failure 1 in imatrix()*);

m -= nrl;

for (i=nrl;i<=nrh;i++) {
mlfil={int *) malloc{(unsigned) (nch-ncl+l)*sizeof(int)};
if {!mf[1]) nrerror{“allocation failure 2 in imatrix{)"};
m[{i] -= necl;

}

return m;

)

float **submatrix(a,oldrl,oldrh,oldcl, oldeh, newrl, newcl)
float **a;
int oldrl, oldrh,oldcl, eldch, newrl, newcl;
{
int 1i,3;
float **m;

m=(float **} malloc({unsigned) (oldrh-oldrl+l)*sizeof{float=*)})};
if (!m) nrerror{(*allocation failure in submatrix(}*);
m -= newrl;

for (i=oldrl, j=newrl;i<=oldrh;i++,j++) mfjl=afij+oldcl-newcl;

return m;

void free_vector(v,nl,nh)
float *v;
int nl,nh;
{
free((char*) (v+nl)):

}

void free_Cvector(v,nl,nh)
fecomplex *v;
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{
free{(char*) ({(v+nl));

)

vold free_dvector(v,nl,nh)
double *v;
int nl,nh;
{

free((char*} (v+nl)):
}

void free_ivector(v,nl,nh)
int *v;
int nl,nh;
{
free((char*) {(v4nl));

)

void free_matrix{m,nrl,nrh,ncl, nch)
float **m;
int nrl.nrh,ncl,nch;

{
int i;
for(i=nrh;i»=nrl;i--) free((char*)
free((char*) (m+nrl));

}

veid free_Cmatrix(m,nrl,nrh,ncl,nch)
fecomplex **m;
int nrl,nrh,ncl,nch;

{
int i;
for{i=nrh;i>=nrl;i--} free((char+)
free({(char*) (m+nrl)};

}

void free_dmatrix{m, nrl,nrh,ncl, nch)
double **m;
int nrl,nrh, ncl,nch;

{
int i;
for{i=nrh;i1>=nrl;i--) free((char*)
free((char*) (m+nrl)};

1

void free_imatrix(m,nrl,nrh, ncl,nch)
int **m;
int nrl,nrh,ncl,nch;

{
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int i;

for{i=nrh;i>=nrl;i--) free({char*) (m{i]+ncl});
free((char*) {(m+nrl)):;

}

volid free_submatrix({b,nrl, nrh,ncl,nch)
float **b;
int nrl,nrh,ncl,nch;
{
free{{(char*) (b+nrl));

}

flecat **convert_matrix{a,nrl,nrh,ncl,nch)
float *a;

int nril.nrh,ncl,nch;

(

int i, j,nrow,ncel;
float **m;

nrow=nrh-nrl+l;
ncol=nch-ncl+l;

m = (fleat **) malloc({(unsigned) (nrow)*sizeof(flcat*));
if {Im) nrerror("allocation failure in convert_matrix()"*);
m -= nrl;

for(i=0, j=nrl:i<=nrow-1:i++,j++) m[jl=a+ncol*i-necl;
return m;

}

void free_convert_matrix(bk,nrl,nrh,ncl, nch)
float **h;
int nrl,nrh, ncl,nch;
{ ,
free((char*) (b+nrl));
}
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