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ABSTRACT

The U.S. Geological Survey (USGS) has maintained some contact with 

operators of other strong-motion accelerograph networks throughout the world. 

As a result, the USGS occasionally receives a small number of records for 

routine processing. This report describes the processing of five records from 

a network on Bougainville Island, Papua New Guinea.

Three earthquakes, two on December 13, 1981 and one on March 18, 1983, 

occurred in the Solomon Islands region. The first two events, magnitude 

6.0 M^ and magnitude 5.7 M^ were recorded at the 460 Bench, Panguna Mine 

Station on Bougainville Island; the third event, magnitude 7.9 Ms, was 

recorded at stations in Arawa Town, at Bato Bridge, and in Panguna on 

Bougainville Island.

This report contains the processed records from these events.



Processed Strong-Motion Records from Solomon Islands Earthquakes

December 13, 1931 (0139 UTC and 1324 UTC) and

March 18, 1983 (0905 UTC)

Earthquake Data

Figures 1 and 2 show the location of Bougainville Island, Papua New Guinea 

and three earthquakes that occurred in the Solomon Islands region that were 

recorded by strong-motion accelerographs located on Bougainville Island.

The largest of these earthquakes was a magnitude 7.9 (M ) and was 

recorded by the Arawa Town, Bato Bridge and BVE 80 (Panguna) stations. All 

stations, except Bato Bridge are known to be located either in Arawa or 

Panguna areas (Kevin McCue, Bougainville Copper, written commun., October 

1983). Based on Kevin McCue's estimates of epicentral distances (Table 2), 

Bato Bridge is believed to be in the same area.

The two earthquakes, on December 13, 1981, were recorded by the 460 Bench 

(Panguna Mine) station. These events were magnitude 5.9 Mg (0139 UTC) and 

5-5 MB (1324 UTC). Source data for all three events are listed in Table 1.

Station Data

Arawa Town 1/4 £ SMA-1 located on rock. Elevation 30 m. 

Bato Bridge 1/2 £ SMA-1 located on rock. Elevation 30 m. 

Bench (Panguna Mine) 1/2 £ SMA-1 located on rock.

BVE 80 (Panguna) 1 £ SMA-1 located on volcanic ash over weathered rock

Elevation 300 m.

Records Data

Figure 3a through 3g present reproductions of the original records. 

Negatives were scaled for peak amplitudes; the scaled uncorrected and 

corrected data are presented in Table 2.



DIGITIZING AND PROCESSING

The computer plots provide a visual description of the recorded 

accelerations and their processed results. They are reproduced in the 

Appendix. These plots may be used to measure specific earthquake or record 

parameters directly and to select records for further study using available 

digital data.

The steps for processing are:

1. A commercial digitizing firm (IOM-TOWILL in Santa Clara, California) 

digitizes the records on a trace-following, computer-controlled laser 

scanner. The data is digitized at unequal time intervals, at an 

average of 600 samples per second.

2. If a strong-motion record has a duration longer than about 10 sec,
t

then it is divided into approximately 10 sec segments, each segment 

being digitized separately. The segments are reassembled using 

specially inserted vertical lines, the lines mark the end and/or 

beginning of each segment. Each vertical line is digitized twice, 

once in each adjacent segment, and then used in reassembling the 

record.

3. The UNCORRECTED DATA are prepared by subtracting the digitized

reference traces from the data traces,- and using the digitized time 

marks to determine the time scale. The instrument sensitivities scale 

the ordinates to accelerations.

4. The data are passed through a correction algorithm that applies a high- 

frequency filter (50 Hz), instrument corrections, base line 

correction, in the form of a low frequency filter, and decimation to

200 sps. Plots of the CORRECTED ACCELERATION, VELOCITY, and 

DISPLACEMENTS for the three components of each recording are 

included. Butterworth filter parameters for each station are listed 

in table 3.



5. The maximum relative velocity response spectra (RV) are calculated for 

damping values of 0, 2, 5, 10 and 20 percent of critical. This 

RESPONSE SPECTRA are calculated for a period range starting at 0.04 

sec and ending with the long period corresponding to the low frequency 

filter limit used in the base-line correction algorithm. The dashed 

curve on this plot is the unsmoothed Fourier amplitude spectrum, FAS, 

calculated at the same periods as the relative velocity response 

spectra.

The second RESPONSE SPECTRUM plot is that of the pseudo-velocity 

response spectra, PSRV, calculated for the same five damping values 

used in calculating the RV spectra. This tripartite plot also has the 

values for the maximum relative displacement response spectrum (RD) as 

well as the pseudo-acceleration spectrum (PSAA).

6. FOURIER AMPLITUDE SPECTRA, calculated by FFT, are presented on linear 

and log-log axes to accent the particular characteristics at each end 

of the spectrum.

Initial selection of filters for Step 4 are based on the convention of 

retaining a period content somewhat longer than the strong motion duration of 

the records. The final Butterworth filter parameters are chosen to eliminate 

any apparent serious noise content in the calculated displacements.

The digital data from which these plots are produced are available on tape 

from the National Geophysical Data Center (NGDC), NOAA, Mail Stop E/GC11, 325 

Broadway, Boulder, Colorado 30303.

For a more complete description see: Converse, A., 1984; AGRAM: A Series 

of Computer Programs for Processing Digitized Strong-Motion Accelerograms, 

Version 2.0; USGS Open-File Report 81-525.



Computer Plots

The Appendix contains computer plots for the following processing stages 

Uncorrected accelerogram.

Corrected acceleration velocity and displacement. 

Relative velocity response spectra linear plot. 

Response spectra, tripartite log-log plot. 

Fourier amplitude spectrum calculated by FFT, linear plot. 

Fourier amplitude spectrum calculated by FFT, log-log plot.



Table 1: Source Data for Papua New Guinea Events*

1. Date 

Time

Epicenter 

Depth 

Magnitude

12/13/81

0139 14.3 UTC

6.387S, 154.929E

50 Km

5.9 M, 6.0 M+

2. Date 

Time

Epicenter 

Depth 

Magnitude

12/13/81

1324 17.3 UTC

6.343S, 154.923E

48 Km

5.5 MB , 5.7 ML+

3. Date 

Time

Epicenter 

Depth 

Magnitude

03/18/83

0905 50.0

4.833S, 153.581E

89 Km

7.9 M, 7.7 M+

* Unless otherwise noted, all seismological data in this report is taken from 

Preliminary Determination of Epicenters (PDE) published by the U.S. Geological 

Survey.

+ Kevin McCue, Bougainville Copper, written communication, Oct. 1983.
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Table 3: Long-Period, Low Frequency, Filter Parameters

Final Original
Butterworth (Hz) Order Butterworth (Hz) Order

Arawa Town

Bato Bridge

Bench (0139)

Bench (1324)

BVE 80 (Panguna Mine)

0.125

0.20

0.50

1.0

0.20

4

4

4

4

4

0.083

0.125

0.25

0.125

0.125

4

4

4

4

4
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FIGURE 3D: Bato Bridge continued.
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Station

APPENDIX

Page No. for plots of six processing steps* 

123456

460 Bench, Panguna Mine 19 22 31 37 43 49

13 December, 1981; 0139 UTC

Long., Up, Iran. 

460 Bench, Panguna Mine 21 28 34 40 46 52

13 December, 1981; 1324 UTC

Long., Up, Iran. 

Arawa Town 55 67 102 111 120 129

18 March, 1983; 0905 UTC

Long., Up, Tran. 

Bato Bridge 59 79 105 114 123 132

18 March, 1983; 0905 UTC

Long., Up, Tran. 

BVE 80 (Panguna) 63 91 128 117 126 135

18 March, 1983; 0905 UTC

Long., Up, Tran.

*Processing stages and plot format:

1) Uncorrected accelerogram

2) Corrected acceleration, velocity, displacement

3) Relative velocity response spectrum, linear plot

4) Response spectrum, tripartite log-log plot

5) Fourier amplitude spectrum, linear plot

6) Fourier, amplitude spectrum, log-log plot

In column 1 each plot contains all three components. For column 2 through 

6, the indicated page number refers to the first three components for this 

record.

18
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RELRTIVE VELOCITY RESPONSE SPECTRUM
BENCH, PPPUR.NEW GUINEfl. 12/13/83, 1324UTC LONG.
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FILTERS: BUTTERWORTH. ORDER 4, 1.000 HZ; RNTIflLIflS 50 - 100 HZ 

7 _____NRTIONflL 5TRGNG MOTION DflTfl CENTER __________
RV 
FRS

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3 7
UNDflMPED NflTURflL PERIOD-SECONDS

11 15

34



RELRTIVE VELOCITY RESPONSE SPECTRUM 
BENCH, PflPUfl NEW GUINER, 12/13/83. 1324UTC UP

0,2,5,10.20 PERCENT CRITICflL DflMPING
FILTERS: BUTTERWORTH. ORDER 4, 1.000 HZ; PNTIRLIRS 50 - 100 HZ 

NRTIGNRL 5TP.3NG MOTION DflTR CENTERJ .

3 ;
LU :
CO ;

2: :

LJ :
co :

o  
QL. 2 ' 
CO ^ -
uj : 
oc :

~ 1 ':
LJ
O
_i :
LJ

^ i :

n "

i
/! j

ii! 1. 
' Vi)L

r r f/

S
'|/

f
(

P \/n V
r Q Qr Ho

it

i 
I/

\

V

'\M
A \ 'Mw 4
Ul^x

i1 V iji
1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! f 1 1 1 1 1 1 1 1 1 1 1

:':

-
-
-
-
_
_
 
-

:

" i i i i i i i i i i i
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3 7 11 15 

UNDRMPED NRTURflL PERIOD-SECONDS

35



RELflTIVE VELOCITY RESPONSE SPECTRUM
BENCH. PflPUfl NEW GUINEfl, 12/13/83, 1324UTC IRAN.

0,2,5,10,20 PERCENT CRITICflL DflMPING 
FILTERS: BUTTERWORTH, ORDER 4, 1.000 HZ; RNTIflLIflS 50 - 100 HZ

7r
-̂
i
.

S  

LJ -
LU -
co :
^ 5 !
c-> : 

i
LU  

o :
CL :
co :

cc 3 :
>. :
i  : 
t   i ~
LJ p :
o ^ :
-j
LU
> ~_

i i

QL-
o.c

NRTIONflL STRONG MOTION DRTfl CE
n v /n v
FQ<1r r\ D

f.

\ 1 i

\ In
M ll/l

'i^i A/i? 3
\\i ^i/)/ Wfl

''KA'^^^

|!
i i i i i i i i * i i i i i i t i t i i * i i i i i iii

0.5 1.0 1.5 2.0 2.5 3

^TER

o ;

.

 
* 1 1 1 1 1 1 1 1 1 1 1
3 7 11 1

UNDflMPED NRTURRL PERIOD-SECONDS

36



V
E
L
O
C
I
T
Y
 
R
E
S
P
O
N
S
E
-
C
M
/
S
E
C



RESPONSE SPECTRR
BENCH, PRPUR NEW GUINER. 12/13/83, 0139UTC UP 

0,2,5,10,20 PERCENT CRITICRL DUMPING
FILTERS: BUTTERWORTH, ORDER M. 0.500 HZ: flNTIBLIRS 50 - 100 HZ

NRTIONPL STRONG MOTION DRTfl CENTER100.000

40.000

20

10

LU 
en

u
i

LU

o*
Q_
cn 
LU
cr

LJ
o
_1
UJ

\XX/fX X KXXIx X

\/ \/xy<\/\

1.000

0.400

0.200

0. 100

0.040

0.02~0.~04
0.1 0.2 0.4 1 

UNDRMPED NRTURRL

24 10 

PERIOD-SECONDS

38



V
E
L
O
C
I
T
Y
 
R
E
S
P
O
N
S
E
-
C
M
/
S
E
C



V
E
L
O
C
I
T
Y
 
R
E
S
P
O
N
S
E
-
C
M
/
S
E
C

O



V
E
L
O
C
I
T
Y
 
R
E
S
P
O
N
S
E
-
C
M
/
S
E
C



V
E
L
O
C
I
T
Y
 
R
E
S
P
O
N
S
E
-
C
M
/
S
E
C



o  
CO o
 

CD

U
J en
 
o

LU
 
O

z>
 

=r
 

»   
 _J Q.
 
O

cc L
U *- 
 
o
 

cc
 

.
Z5

 
CM

O U
_

O -1
0

0
10
 

20

FR
EQ

UE
NC

Y.
 
HZ

30
50

FI
GU

RE
FO
UR
IE
R 

RM
PL

IT
UD

E 
SP

EC
TR

UM
 
OF

 
RC

CE
LE

Rf
lT

IG
N.

BE
NC

H,
 

Pf
lP
Uf
l 

NE
W 

GU
IN
Ef
l

VE
RT

.
Ef

lR
TH

QU
fl

KE
 
OF

 
DE
CE
MB
ER
 
13
. 

19
83

 
01
39
 
UT

C
B
U
T
T
E
R
W
Q
R
T
H
 
F
I
L
T
E
R
 

fl
T 
0
.
5
0
 
HZ
, 

O
R
D
E
R
 
M

Df
lT
fl
 
Bf
lN
D 

Pf
lS
SE
D 

F
R
O
M
 
0
.
5
0
 
TO

 
5
0
.
0
0
 
HZ

.
C
O
M
P
U
T
I
N
G
 
O
P
T
I
O
N
S
^
 
Z
C
R
O
S
S
.
N
O
N
O
I
S
E
.



o
 

-

-1
0

10
2
0
 

F
R

E
Q

U
E

N
C

Y
, 

H
Z

30
4
0

5
0

F
IG

U
R

E F
O

U
R

IE
R

 
flM

P
LI

T
U

D
E

 
S

P
E

C
TR

U
M

 
O

F 
flC

C
E

L
E

R
flT

IO
N

.
B

E
N

C
H

, 
P

flP
U

fl 
NE

W
 

G
U

IN
E

fl
TR
fl
N.

Ef
lR

TH
QU

fl
KE

 
OF
 
D
E
C
E
M
B
E
R
 
13
. 

19
83

 
0
1
3
9
 
UT

C
B
U
T
T
E
R
W
O
R
T
H
 
F
I
L
T
E
R
 

fl
T 
0
.
5
0
 
HZ

, 
O
R
D
E
R
 
U

Df
lT
fl
 
Bf

lN
D 

Pf
lS

SE
D 

FR
OM
 
0.
50
 
TO
 
50

.0
0 

HZ
.

C
O
M
P
U
T
I
N
G
 
O
P
T
I
O
N
S
=
 
Z
C
R
O
S
S
,
N
O
N
O
I
S
E
.



O
F

C

r^ o
 

to o
 

in
o U

J en 2:
 

o
 

o
 

a«
K

 

l
l
 
f

O ID H
- 

O
  

«
 

.
 I

 
CO

a.
 

a:
 

cc
 

o
U

J
 -H

, 
CM

cc o
o

0
10

20
30

40
50

FR
EQ
UE
NC
Y.
 
HZ

FI
GU

RE
FO

UR
IE

R 
RM
PL
IT
UD
E 

SP
EC
TR
UM
 
OF

 
RC

CE
LE

RR
TI

ON
.

BE
NC

H.
 
Pf

lP
UR

 
NE
W 

GU
IN

Ef
l

LO
NG

.
ER

RT
HQ

Uf
lK

E 
OF

 
DE

CE
MB

ER
 
13
. 

19
83
 

13
24
 
UT

C
BU
TT
ER
WO
RT
H 

FI
LT
ER
 

fl
T 

1.
0 

HZ
. 

OR
DE
R 

«4
Df
lT
fl
 
Bf

lN
D 

PR
SS
ED
 
FR
OM
 
1.

00
 
TO
 
50
.0
0 

HZ
.

CO
MP
UT
IN
G 

OP
TI

ON
S=

 
ZC

RQ
SS

.N
ON

OI
SE

.



CT
>

0

F
IG

U
R

E

10
2
0

3
0

M
O

5
0

F
R

E
Q

U
E

N
C

Y
. 

H
Z

F
O

U
R

IE
R

 
flM

P
LI

T
U

D
E

 
S

P
E

C
TR

U
M

 
O

F 
flC

C
E

L
E

R
flT

IO
N

.
B

E
N

C
H

. 
P

flP
U

fl 
NE

W
 

G
U

IN
E

fl
VE

RT
.

Ef
lR
TH
QU
fl
KE
 
OF

 
D
E
C
E
M
B
E
R
 
13
. 

19
83

 
13
24
 
UT

C
B
U
T
T
E
R
W
O
R
T
H
 
F
I
L
T
E
R
 

fl
T 

1.
0 

HZ
. 

O
R
D
E
R
 
4

Df
lT

fl
 
Bf

lN
D 

Pf
lS

SE
D 

FR
OM
 
1.
00
 
T&

 
50

.0
0 

HZ
.

C
O
M
P
U
T
I
N
G
 
O
P
T
I
O
N
S
=
 
Z
C
R
O
S
S
.
N
O
N
O
I
S
E
.



U
J z:
 

o O
_

3
! 

C
C cc U
J

t 
t

CC
.

ZD
 

O

FR
EQ
UE
NC
Y,
 
HZ

FI
GU

RE
FO

UR
IE

R 
RM
PL
IT
UD
E 

SP
EC

TR
UM

 
OF

 
fl
CC
EL
ER
fl
TI
ON
.

BE
NC

H.
 

Pf
lP
Uf
l 

NE
W 

GU
IN
Ef
l

TR
fl
N.

Ef
lR

TH
QU

fl
KE

 
OF

 
DE

CE
MB

ER
 
13
, 

19
83

 
13
2H
 
UT

C
BU
TT
ER
WO
RT
H 

FI
LT

ER
 

fi
T 

1.
0 

HZ
. 

OR
DE
R 

4
Df
lT
fl
 
Bf

lN
D 

Pf
lS

SE
D 

FR
OM
 
1.

00
 
TO
 
50
.0
0 

HZ
.

CO
MP

UT
IN

G 
OP

TI
ON

S=
 
ZC
RO
SS
,N
ON
OI
SE
.



817

LOG OF FOURIER flMPLITUDE, CM/SEC 

-1 0 1
ooconni-CDr- rn

2-H-H30220
3cr- c rnzn-

  ICD30O

O

   «LO  i 
orni-o 
zo-nrn 
co rno 
ii

zrn 
rnso

0

03  irn 
3D 3
QOO 
L0«   ^-
cocncnu) - oo
2

2 o ixi CD
Q - CO
* cn a) 
COOQ 
rn» 30
  ooo

rn-H
DC 

D
rn
CO-D 
rn
O

3D CO
CD

o

o-n

sP 5 rn J^
3D

5 S

T



LO
G 

OF
 
FR
EQ
UE
NC
Y.
 
HZ

FI
GU

RE
LO

G-
LO

G 
FO
UR
IE

R 
RM
PL
IT
UD
E 

SP
EC
TR
UM
 
OF

 
fl
CC
EL
ER
RT
IO
N.

BE
NC

H,
 

Pf
lP

Uf
l 

NE
W 

GU
IN

Ef
l

VE
RT

.
Ef

lR
TH

QU
fl

KE
 
OF
 
DE

CE
MB

ER
 
13
, 

19
83

 
01
39
 
UT
C

BU
TT
ER
WO
RT
H 

FI
LT
ER
 

fl
T 
0.
50
 
HZ

, 
OR

DE
R 

4
Df

lT
fl

 
Bf

lN
D 

Pf
lS

SE
D 

FR
OM
 
0.
50
 
TO
 
50

.0
0 

HZ
.

CO
MP

UT
IN

G 
OP

TI
ON

S=
 
ZC
RO
SS
,N
ON
OI
SE
.



Fc

en
 

CD

f\
j 

r

en x 0_ 31
 

GC OC
 

L
U
 

  
i 

OC o
 

u_ o FI
GU

RE

i 
i 

i 
i 

l 
l

0

LO
G 

OF
 
FR

EQ
UE

NC
Y.

 
HZ

L
O
G
-
L
O
G
 
F
O
U
R
I
E
R
 
fl
MP
Ll
TU
DE
 
S
P
E
C
T
R
U
M
 
OF
 
fl

CC
EL

ER
fl

TI
ON
,

BE
NC
H,
 

Pf
lP
Uf
l 

NE
W 

GU
IN
Ef
l

TR
fl
N.

Ef
lR

TH
QU

fl
KE

 
OF

 
D
E
C
E
M
B
E
R
 
13
. 

19
83
 

01
39

 
UT

C
B
U
T
T
E
R
W
O
R
T
H
 
F
I
L
T
E
R
 

fl
T 
0.

50
 
HZ

, 
O
R
D
E
R
 
4

Df
lT
fl
 
Bf
lN
D 

Pf
lS
SE

D 
FR
OM
 
0.

50
 
TO
 
5
0
.
0
0
 
HZ

.
C
O
M
P
U
T
I
N
G
 
O
P
T
I
O
N
S
=
 
Z
C
R
G
S
S
,
N
O
N
O
I
S
E
.



F«
J/

FT

o U
J

o

o Q
_ 3: cr oc ID o U
_ 

_
i I

u_
 

o o
 

o

i 
I 

i 
i 

r 0

LO
G

 
O

F 
F

R
E

Q
U

E
N

C
Y

, 
H

Z
F

IG
U

R
E L
O
G
-
L
O
G
 
F
O
U
R
I
E
R
 
fl
MP
LI
TU
OE
 
S
P
E
C
T
R
U
M
 
OF
 
RC
CE
LE
Rf
lT
IG
N,

BE
NC

H.
 

Pf
lP
Uf
l 

NE
W 

GU
IN
Ef
l

LO
NG

.
Ef

lR
TH

QU
fl

KE
 
OF
 
D
E
C
E
M
B
E
R
 
13
, 

19
83

 
13
2M
 
UT

C
B
U
T
T
E
R
W
O
R
T
H
 
F
I
L
T
E
R
 

fl
T 

1.
0 

HZ
. 

O
R
D
E
R
 
4

Df
lT
fl
 
Bf
lN
D 

Pf
lS
SE
D 

FR
OM

 
1.

00
 
T&
 
5
0
.
0
0
 
HZ

.
C
O
M
P
U
T
I
N
G
 
O
P
T
I
O
N
S
=
 
Z
C
R
O
S
S
.
N
O
N
O
I
S
E
.



Fc
-FT

en
 

ro

C
J 

LU 2: C
J

Q ZD
 

»
- 

t 
i 

_
l 

0
. 3: CL CC
. 

L
U

 
»

 i oc ZD o o
 

o

f-f
ll

F
IG

U
R

E

0

LO
G

 
O

F 
F

R
E

Q
U

E
N

C
Y

. 
H

Z

LO
G

-L
O

G
 

F
O

U
R

IE
R

 
flM

P
LI

T
U

D
E

 
S

P
E

C
TR

U
M

 
O

F 
flC

C
E

L
E

R
flT

IO
N

,
B

E
N

C
H

. 
P

flP
U

fl 
N

EN
 

G
U

IN
E

fl
V

E
R

T
.

E
flR

T
H

Q
U

flK
E

 
O

F 
D

E
C

E
M

B
E

R
 

1
3

. 
1
9
8
3
 

1
3

2
4

 
U

TC
B

U
TT

E
R

W
O

R
TH

 
F

IL
T

E
R

 
R

T 
1

.0
 

H
Z

. 
O

R
D

E
R

 
4

D
flT

fl 
B

flN
D

 
P

flS
S

E
D

 
FR

O
M

 
1

.0
0

 
TO

 
5
0
.0

0
 

H
Z

.
C

O
M

P
U

TI
N

G
 

O
P

T
IO

N
S

^ 
Z

C
R

O
S

S
.N

O
N

O
IS

E
.



on C
O

c\
t

o U
J en
 

\ 3:
 

o U
J o cr
 

oc or ZD
 

O u_ o o
 

o

I 
I 

I 
I

I 
I

0

LO
G 

OF
 
FR

EQ
UE

NC
Y,

 
HZ

FI
GU

RE
LO

G-
LO

G 
FO

UR
IE

R 
fl
MP
LI
TU
DE
 
SP

EC
TR

UM
 
OF

 
fl
CC
EL
ER
fl
TI
ON
,

BE
NC

H.
 

Pf
lP
Uf
l 
NE

W 
GU
IN
Ef
l

TR
fl
N.

Ef
lR

TH
QU

fl
KE

 
OF
 
DE
CE
MB
ER
 
13

. 
19

83
 

13
2H
 
UT

C
BU

TT
ER

WO
RT

H 
FI
LT
ER
 

fl
T 

1.
0 

HZ
. 

OR
DE

R 
U

Df
lT

R 
Bf
lN
D 

Pf
lS

SE
D 

FR
OM
 
1.

00
 
T&

 
50
.0
0 

HZ
.

CO
MP
UT
IN
G 

OP
TI

ON
S=

 
ZC

RO
SS

.N
ON

OI
SE

.



Fc
F

R
N

!/

C
O

en o ID
 

I 
 

»-
« 

CO
«J flu 31 a:

 

cc
 

CD

oc ID
 

O

(\
J -1

0
0

10
 

2
0

FR
EQ

UE
NC

Y.
 
HZ

30
5
0

F
IG

U
R

E F
O

U
R

IE
R

 
flM

P
LI

T
U

D
E

 
S

P
E

C
TR

U
M

 
O

F 
flC

C
E

L
E

R
flT

IG
N

.
B

E
N

C
H

, 
P

flP
U

fl 
NE

W
 

G
U

IN
E

fl
LO

NG
.

En
RT
HQ
Uf
lK
E 

OF
 
D
E
C
E
M
B
E
R
 
13
. 

19
83

 
01

39
 
UT
C

B
U
T
T
E
R
W
O
R
T
H
 
F
I
L
T
E
R
 
RT
 
0
.
5
&
 
HZ

, 
O
R
D
E
R
 
M

Df
lT

fl
 
Bf

lN
D 

Pf
lS
SE
D 

FR
OM
 
0.

50
 
TO

 
50
.0
0 

HZ
.

CO
MP
UT
IN
G 

OP
TI
ON
S=
 
ZC

RO
SS

,N
ON

OI
SE

.



99

SCRLED INSTRUMENT 
RESPONSE 
CM/SEC/SEC

SCflLED INSTRUMENT 
RESPONSESCRLED INSTRUMENT 

RESPONSE r\j --  - 
0)
 

O 
L- I

IV 
0»

b   °
2 ""W-'SEC _ ^ CM/SEC/SEC

o 1
CD 10
   

fc   ° ? 1
«l  

1 ",

IV IV 

en 
r>;

co co­ 
rn 
n 
o
 z. __ 
o
U)

.. Z, 20
3D     I 
30 , Hi

R

C3D

^jco rn
. O 35

Jc
-* 
o

I 
ro
C/l
 

u>

IVo-IVo-o 



99

o 
L

SCflLED INSTRUMENT 
RESPONSE 
CM/SEC/SECr\) 

en

SCRLED INSTRUMENT
RESPONSE 

± CM/SEC/SEC _
CD CD

O
I

SCflLED INSTRUMENT 
RESPONSE 

CM/SEC/SEC ..
U)

o
I

CD

O
I

o
o

c m
o

CD'

-0 
m
35

rn 
c/):

rn

CO
m

ix
kO 35 

35 35<Z

to 
rn 
o 
o
z 
o
CO

, zo
5 * -H

rn

tnat o-N-  nnrn
CD
oo
CO

CD3

intn ru-

en

ui

'C
-4 
O

ro 
en
 
u>

inen CD-

inCD'en 
or<n co-

CDeno-



SCflLED INSTRUMENT 
RESPONSE 
CM/SEC/SEC V

o>

SCfllED INSTRUMENT 
RESPONSE 
CM/SEC/SEC

CD

I
IU
u>

SCflLED INSTRUMENT 
RESPONSE 
CM/SEC/SEC ..

U)

CO
m 
o 
o
2 
O 
CO

m
3D

aco:
CO
rn

o 3D
c: 3>
3D DDC

o
m:

ZO 
- -H 
. rn

rn

CD °
CO. OO 

C33 
 3D

Jc
 « 
o

i
rj 
en 
CO



89

SCflLED INSTRUMENT 
RESPONSE

i ruo>
CM/SEC/SECru 

o»
o 
_J

SCRLED INSTRUMENT 
RESPONSE 
CM/SEC/SEC

o 
_J

o I

SCflLEO INSTRUMENT 
RESPONSE 
CM/SEC/SECru 

u)
O

I

0»
IVen

c=
5-D

rn
3)

en

co 2-
o
o
z 
o
CO

onOB"

o>

O)
ov

O)**£

oo o
O). CTCT

-si
i\r

  O 22

I
ro 
en«
u>4=

OD-



6S

oI

SCflLED INSTRUMENT 
RESPONSE 
CM/SEC/SEC

SCflLED INSTRUMENT 
RESPONSE

SCflLED INSTRUMENT 
RESPONSE

U) 
U)

O
I

1
<D
 

O
|

CM/SEC/SEC

l

t 
(0

O
|

1 
U>
 

O
1

CM/SEC/SEC

1

0)
en
b

1

f\> IV> 
rr\

rn: 
co:

o> 

m 
o 
a
z 
oU)

GO CD 

|3> 
O 
O

IV)'ivr

O)'

co-

"

o>i
0(

ro,

I
O)
r\)
 

en
(D



09

SCRLEO INSTRUMENT 
RESPONSE 
CM/SEC/SEC ...

SCflLED INSTRUMENT 
RESPONSE 
CM/SEC/SEC

i

IV

o 
o
z 
oLO

U)

0)

u>

Oi"

SCRLEO INSTRUMENT 
RESPONSE 
CM/SEC/SEC ...

en

rn 
LO:

rn

'O

0

'C
 « 
o

i
o> 
ro 
en
(D



SCflLED INSTRUMENT 
RESPONSE 
CM/SEC/SEC

1 _______ I _______ !

o
o

c
3

SCflLED INSTRUMENT
RESPONSE 

J. CM/SEC/SEC _
CD <0
* *

o o

o
o

SCflLED INSTRUMENT
RESPONSE

*, CM/SEC/SEC w 
en   en
o 

i
o 
J

o

35- 7 2 3

<

to g.
rn
o
a
z
o
tfl

tn(/l O'

m
  O a 
0)01

en 
or

o 

I
O)
ro 
tn
(O

in. 
CD

O) O'



o i

SCflLED INSTRUMENT 
RESPONSE 
CM/SEC/SEC _

SCRLED INSTRUMENT 
RESPONSE 
CM/SEC/SEC

O
I

(0

o 
I

SCRLEO INSTRUMENT
RESPONSE

^ CM/SEC/SEC w 
vi en

en

o
o

m

C7>Cl

i
ODCla>C71-m: 

o;

rn 
o 
a
z 
o
CO

O) CD'O)
rn

rn-o'

-J
o-:  =ni  CD

cn.

rn
Z)

CO
ru 
en 
to

CDO'



SCftLED INSTRUMENT
RESPONSE 

*, CH/SEC/SEC ^
CD OD 
O O

I_________I________"l

SCRLED INSTRUMENT
RESPONSE 

i CM/SEC/SEC
iv iv 
p o
I______i "i

SCRLED INSTRUMENT
RESPONSE 

^ CM/SEC/SEC ^
ID (O
O O
   
I_________I______ I

rn
ID

< 
IDr~ 
c.

CO
rn 
o
Q 
Z 
O 
CO

o

-oS

o 

ro

en

tu o-ruo-



SCRLED INSTRUMENT 
RESPONSE 
CM/SEC/SECru 

o>
o

ru 
o

SCRLED INSTRUMENT 
RESPONSE 
CM/SEC/SEC _

SCRLED INSTRUMENT
RESPONSE 

*, CM/SEC/SEC ^
to to 
o o

f\>"

Z

m
o

D 
DO

CDC

a --
o 
o
2  
o 
trt

00"

or

ruCD"

tocnCD 
O 
Ol
'c
-H 
O

U>u>

CDat"

u>GO­CO 00"

r\>
-sj

c/i

u>

u>CD'



S9

SCflLED INSTRUMENT 
RESPONSE 
CM/SEC/SEC

SCflLED INSTRUMENT 
RESPONSE 
CM/SEC/SEC _

CO
rn 
o 
o
z 
o
CO

SCflLED INSTRUMENT 
RESPONSE 

CM/SEC/SEC ^
CD
O

r»
o

-o 
rn
35

m 
co:

rn

LO 
rn

 o

35 DOC

'rn_.rno

mm

cor1 o

~O 353

(/If 
-H 
O

r\>

 

en

o>



SCRLED INSTRUMENT
RESPONSE

^ CM/SEC/SEC
CD
0

*l 1

-
  \

SCRLED INSTRUMENT SCRLEOINSTRUMENT
RESPONSE RESPONSE

^ J. CM/SEC/SEC _ ^ CM/SEC/SEC ^
CO
o 

1
~
0

 4

zc
0

fU
o 
1

o> _

fU (O
0 0

1 "l 1

1 0 5.

i 5 - < ^> -<   ^~
^2 *>
^ C J

i. s s_ ^

CD
O

1 1

^ ^»
J> r>
> i :> ẑ
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